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Introduction

Through this text the students will conduct a sample Areal Management project. The tasks they
perform will help them learn the methods for performing their own GIS-AM projects. Users
learn about several specific GIS analysis techniques and, what is more, they will learn how to
plan and carry out a GIS-AM project.

This text provides an overview of GIS-AM analysis and presents the steps involved in conducting
a GIS-AM project. It walks a user through the first step—planning the project. The scenario for
the Areal Management project involves finding the best site for a new wastewater treatment
plant for some non-existing city of Green Valley, Somewhere in Europe. To find a suitable site a
user will need to know the site selection criteria. A user will then need to identify the data
needed to address these criteria and use the data to find suitable sites for the plant. These are
fundamental elements of a GIS Areal Management project.



Planning a GIS project in Areal Management

The steps in a GIS project

In a typical GIS analysis project, you identify the
objectives of the project, create a project database
containing the data you need to solve the problem, use GIS
functions to create an analytical model to solve the
problem, and present the results of the analysis.

Step 1: Identify your objectives

The first step of the process is to identify the objective of

the analysis. You should consider the following questions

when you are identifying your objectives:

«  What is the problem to solve? How is it solved now?
Are there alternate ways to solve it using a GIS?

+  What are the final products of the project—reports,
working maps, presentation-quality maps?

* Who is the intended audience of these products—the
public, technicians, planners, officials?

+=  Will the data be used for other purposes? What are the
requirements for these?

This step is important because the answers to these
questions determine the scope of the project as well as how
you implement the analysis.

Step 2: Create a project database

The second step is to create a project database. Creating
the project database 1s a three-step process. The steps are
designing the database, automating and gathering data for
the database, and managing the database.

Designing the database includes identifying the spatial data
you will need based on the requirements of the analysis,
determining the required feature attributes, setting the
study area boundary, and choosing the coordinate system to
use.

Automating the data involves digitizing or converting data
from other systems and formats into a usable format, as
well as verifving the data and correcting errors.

Managing the database involves verifying coordinate
systems and joining adjacent layers.

Creating the project database is a critical and time-
consuming part of the project. The completeness and
accuracy of the data you use in your analysis determines
the accuracy of the results.

Step 3: Analyze the data

The third step 1s to analyze the data. As yvou’ve seen,
analyzing data in a GIS ranges from simple mapping to
creating complex spatial models. A model isa
representation of reality used to simulate a process, predict
an cutcome, or analyze a problem.



A spatial model involves applyving one to three categories of
GIS functionality to some spatial data. These functions are:

+  Geometric modeling functions—calculating distances,
generating buffers, and calculating areas and perimeters

* Coincidence modeling functions—aoverlaying datasets to
find places where values coincide

=  Adjacency modeling functions—allocating, pathfinding,
and redistricting

With a GIS you can quickly perform analyses that would be
impossible or extremely time-consuming if done by hand.
You create alternative scenarios by changing yvour methods
or parameters and running the analysis again.

Step 4: Present the results

The fourth step is to present the results of your analysis.
Your final product should effectively communicate your
findings to yvour audience. In most cases, the results of a
GIS analysis can best be shown on a map.

Charts and reports of selected data are two other ways of
presenting your results. You can print charts and reports
separately, embed them in documents created by other
applications, or place them on your map.

What's next?

Now that yvou have reviewed the steps in a GIS project, you
are ready to begin planning your own project. The next
section presents an overview of the steps for the
Greenvalley wastewater treatment plant project. The first
step—identifving the project objectives—is covered in this
chapter. The rest of the steps comprise the remaining
chapters in this book.



Planning your project

Planning is a critical step in any GIS project and can save
you time and effort once you get to the database creation,
analysis, and mapping steps. During the planning phase
you identify the project objectives, define the criteria for
the analysis, and identify the data required to support the
analysis. You should also consider the approach you’ll use
for the analysis and what the final products of the project
will be. Once you’ve done this, you can proceed to create
the project database.

Throughout the rest of this book you will be working on a
small GIS analysis project. In the process, you'll learn how
to plan a GIS project and how to use ArcMap and
ArcCatalog together to carry it out. While you’ll be
performing a specific type of analysis—finding a site for a
new facility—the steps vou'll follow in the project, and
many of the speeific tasks, will be applicable to a range of
GIS projects. The scenario for the project is to find a
suitable site for a new wastewater treatment plant.

The city of Greenvalley is growing. To support this growth,
the city is building a new wastewater treatment and
recycling plant. The city plans to use conservation and

wastewater recycling to help meet its expected water needs.

The diagram to the right outlines the steps in a GIS project
and shows where each step is covered in the remaining
chapters in this book.

In this chapter, you’ll carry out step 1—identifving the
project objectives. You'll also do some planning for the
remaining steps.

Steps in a GIS project

Step 1: Identify the project objectives—Chapter 4
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Step 3: Analyze the data—Chapter 7

Step 4: Present the results—Chapter 8
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Step 1: Identify the project objectives

The objective of this GIS analysis is to find a suitable site
for the city's new wastewater treatment plant. The city has
never used a GIS model to site a wastewater treatment
plant. The existing plant was sited many years ago using a
quadrangle map, acetate overlays, and the city council’s
knowledge of the area in consultation with the city engineer.
This approach was adequate but time-consuming, and the
public was not involved in the process.

The problem has become more difficult as the area has
become more developed and environmental and public
health regulations more stringent. The council has chosen to
use a GIS model in order to speed the process and to
ensure that the necessary regulations are complied with.

Because the council recognizes that siting such a plant can
be controversial, it wants the analysis to identify all of the
parcels that could be used for the plant site, then identify
the highly suitable parcels, based on specific criteria. The
possible sites will be discussed at a public meeting. The
map you create for the meeting should make clear which
parcels are highly suitable, which are less suitable, and
which are unsuitable.

The city has provided you with a list of the criteria for a
suitable site. The parcels chosen for the site must be:

= Below 365 meters in elevation, to minimize pumping
costs

= QOutside the floodplain, to avoid spillage during storms
*  Within 1,000 meters of the river, to minimize pipeline
construction for treated water that 1s discharged

= At least 150 meters from residential property and parks,
to minimize the impact on the city’s residents

* On vacant land that can be developed, to minimize land
acquisition and construction costs

In addition, to further reduce construction costs, the city
would prefer that the site be:

* Within 1,000 meters of the main wastewater junction
{within 500 meters 1s considered even more suitable)

+  Within 50 meters of an existing road

The plant will also require a total of at least 150,000 square
meters in area.

A preliminary review of existing paper maps has shown
that the most likely location for the plant is in the
northwest corner of the city, near the river, and in a low-
lyving area. This will be the study area for the project. The
GIS analysis will allow you to combine the criteria to
identify specific parcels that are suitable sites.

Step 2: Create the project database

Creating the database for this project will be a two-step
process. First you'll assemble the existing data and review
it. Then you’ll prepare the data for analysis. Some of the
data will be usable as is; other layers will need additional
processing. You may also need to automate some data.
You'll assemble the data in Chapter 5, “Assembling the
database’, and prepare the data for analysis in Chapter 6,
‘Preparing data for analysis’. At this point, though, you can
plan for those tasks by identifying the data layers you'll
need and the sources of the data.

Assemble the project data

Several city of Greenvalley departments maintain GIS data
and have working arrangements to share data for city
projects. Some of this data 1s already stored in the city’s



GreenvalleyDB database. The city also has data sharing
agreements with several regional and state agencies.

Because a database containing much of the data you need
already exists, you will not need to spend as much time on
designing and automating your project database as you
would otherwise. However, you will still need to do some
database design work for your project database. You'll
need to identify the dataset and any attributes required for
each criteria. You'll then research the available data to see
which layers will meet your needs.

Each of the city’s criteria will require a layer of data for the
analysis. Here 1s a list of the criteria and the corresponding
datasets and attributes.

Crrmesaa Dataser ATTRIBUTES

LEss THAN 365 METERS ELEVATION ELEvanon ELevaTON B METERS
QUTSIDE THE FLOODPLAIN FLoaoeLai A

Within 1,000 METERS OF THE BivEE Rier A
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EESIDENTIAL PROFEETY Famcaa e
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Mote that the parcels dataset will be used for several
criteria.

You can now take inventory of the data that you have and
see which layers correspond to the required datasets. You
can also identify other layers that you need to obtain or
create.

To find areas below 365 meters elevation, you need a
source of elevation data. A colleague at the State
Department of Transportation (DOT) has provided an
elevation grid. Because you simply need to know whether
or not a parcel is below 365 meters, you will use a polygon
of areas below 365 meters, which your colleague at DOT
has created from the grid. This data is in a shapefile format.

To find parcels outside of the floodplain, you will use the
City Planning Department’s digital flood zone layer, stored
as a feature class in the city’s GreenvalleyDB geodatabase.

To identify areas within 1,000 meters of the river, you will
first need a layer of the river. The County Water Resources
Department has a shapetfile of the river.

You will need a dataset of the parcels in yvour study area.
The city tax assessor has a tiled database of parcels stored
as shapefiles. Two of these tiles cover your study area. The
parcel database includes a land use attribute that you will
use to identify residential parcels—so you can buffer them
to 150 meters—and vacant parcels. You will use the area
attribute of the parcel shapefile to identify possible sites
with an area of at least 150,000 square meters.

To find areas more than 150 meters from parks, vou’ll need
a parks layer. The City Parks and Recreation Department
has a feature class of existing parks, which 1s stored in the
GreenvalleyDB geodatabase.



There 1s also a recently discovered historic site in the
project study area. The city plans to develop a park around
the site, but the proposed park boundary has not been
placed into the park feature class yet. You will get this
information into your project database by digitizing from a
scanned image of the draft park boundary map.

To find parcels within 1,000 meters of the main wastewater
junction, yvou will need a layer that includes the junction.
The City Utility Department has a coverage of the
wastewater mains and the junction.

To identify parcels that are within 50 meters of a road. you
will use the existing streets feature class from the
GreenvalleyDB geodatabase.

The table below lists the layers you'll assemble for the
project database, based on the available data. The source
and the format of each layer are also listed.

Laves SOURCE Foesat
Eisvatioel STATE DEPT. OF TRANSPORTATION GRID

Eisvanon < HE65 STATE DEPT. OF TEANSPORTATION SeAPEFILE
FLoooPLAR CiTy FLAHNING DEFT. (GEODATABASE
EIvEEr Coumimy WATER EESOURCES DEPT. SeAPEFILE
ParceLs Ciry TAX ABSESSOR SHAPEFILES (TILED)
Faprs CiTy FARKS AND EECEEATION DEPT. GEODATABASE
Histosic Pags CiTy FAEKS AND EECEEATION DEPT. SCANMED IMAGE
WasTEwarer Jueicnion | Ciy UTILTIES DEPT. ConveErasE
STegETS Crry STEEETS DEPT. (GEODATABASE

The database will also include the scanned image of the
historic park, which vou’ll use to digitize the new park.
You’'ll also include the elevation grid. as you may want to
display it on your final map.

In Chapter 5, “Assembling the database’. you'll assemble
the data and organize it so it’s easily accessible within a
single project folder. You'll then review the data to see
which layers will require additional processing.

Prepare the data for analysis

Based on your review of the data, you'll determine which
layers are currently usable and which require additional
processing for use in the analysis. Some of the common
tasks involved in preparing data for analysis include:

* Checking data quality—making sure the data is accurate
and up-to-date

* Converting data between formats

*  Automating data by digitizing, scanning, converting, or
geolocating

* Defining coordinate systems

= Projecting layers to a new coordinate system

* Merging adjacent lavers

You’ll need to perform some of these tasks for your project

database. You already know, for instance, that the boundary

of the proposed park surrounding the historic site will need

to be digitized. You have a scanned map of the proposed

boundary that you will register to the city’s geodatabase and

digitize using the parcels layer as a backdrop. The new park

feature will be added to the existing park feature class in

the GreenvalleyDB geodatabase.



You will also need to merge the two parcel tiles for your
study area to make the analysis easier to perform.

Once you’ve reviewed the existing data, in Chapter 5,
*Assembling the database’, you'll be able to see which
other layers require additional processing.

Most of the data for the project is already in coverage,
shapefile, geodatabase, or raster format, all of which
ArcGIS can use, simultaneously. There may be cases,
though, where you’ll need to convert data to a different
format—for example, if converting from vector to raster
format or from shapefile to geodatabase feature class, for
storage in an existing geodatabase.

ArcGIS can display and overlay layers in different
coordinate systems as long as the coordinate system for
each layer is defined. You’ll need to check this, especially
for data you’ve obtained from other sources.

You’ll perform the necessary data processing tasks in
Chapter 6, ‘Preparing data for analysis’.

Step 3: Analyze the data

During the planning stage of the project, you'll want to
consider the analysis methodology and list the major steps
in the process. That way you can make sure you are aware
of all the datasets you will need and can include them as
you create the project database. You may want to create a
schematic diagram of the process as a guide.

The diagram to the right shows the process for the
wastewater treatment plant siting analysis.
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The analysis consists of three phases.

In the first phase, you’ll create a layer of the areas the plant
should be outside of and another layer of the areas the plant
should be within.

In phase two, you'll use these layers to select a subset of
parcels that are in a suitable location. You'll then select the
subset of these that are vacant to create a layer of suitable
parcels.

In the third phase, vou’ll consider the city's additional
criteria that define the highly suitable parcels. You’ll find
the suitable parcels within 50 meters of a road and those
within 500 and 1,000 meters of the wastewater junction,
then tag them with the appropriate codes so they can be
identified on the map. You’ll also check to see which
parcels are large enough for the construction of the plant.

While the schematic shows the major steps in the process,
there are a number of interim steps you’ll complete in each
phase. You'll develop the detailed methodology and
perform the analysis in Chapter 7, ‘Performing the
analysis’.

Step 4: Present the results

During project planning you should consider the purpose
and audience for your final products. For this project,
you'll present the results of the analysis on a presentation-
guality map that shows the parcels that are suitable and
highly suitable sites. The map will be presented to a general
audience at a public meeting.

While vou don’t need to design the map layout at this point,
you'll want to consider the layers that will be shown on the
map. In addition to the analysis layers, you may want to
include other layers that will provide context for the analysis
results and make the map easier to read and understand.

For this project, in addition to the layers vou’ll use and
create during the analysis, you’ll want to show the
elevation grid as a backdrop so map readers can see the
areas of lower and higher elevation in the city, as elevation
has a major impact on the location of the wastewater
treatment plant.

You'll design and create the presentation map in Chapter &,
‘Presenting the resulis’.

What's next?

Mow that yvou've reviewed the steps involved in a GIS
project, identified the project objectives, and engaged in
some project planning, it's time to get started.

You'll assemble the data for the project and review the data
in the next chapter.
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Creating the Project Database

Organizing the project database

There are many ways to organize a project database.

One good strategy is to create a single project folder, then
subfolders to hold the input datasets, and another subfolder
to hold the datasets you create during the analysis.

As with many GIS projects, the data for your project comes
from several different sources. Some of it is in different
data formats or in different coordinate systems. Most of the
data has already been collected for vou. Here 1s where the
data currently resides:

Laves Hane Forsar CurrenT Locamon
LEVATION ELEVATION Grip STATE_SHARE FOLDER
Erevamon < JE5 w LOWLAKDY SHFERALE STATE_SHARE FOLDER
GreenvaLLEYDE
FLocorLam FLOOD_POLYGOM | (GEOOATABASE
- GEDDATABASE
EnEer FENER SHAFERALE CoumTy_SHARE FOLDER
ParcEL_1 R .
Fapmrs SHareRALES (TILED) | Oy _SHAFE\LAMD FOLDER
FARCEL_2 -
GreenvaLLEYDE
Fapxs PARES_POLYGOH | (GEOOATABASE
- GEDDATABASE
Histomc pame HISTORCTIF SraHMED MASE Cmv_SHARE\B&ASE FOLDER
WASTERATER JUKCTION | JUKCTION Coverase Cry_SHAFE\UTLITY FOLDER
GreenvaLlEvDE
STREETS STREET_ARC (GEODATABASE
GEDDATABASE

You'll copy the data—to maintain the original as a
backup—and organize it in a single project folder to make it
more accessible. You'll also create a new folder to store the

data you’ll create during the analysis.
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There is no single way to structure a project database; it
partly depends on personal preference. The goal is to
minimize duplication of datasets and to have the data well
organized and easily accessible. This will help avoid
confusion during the project as well as if you need to
revisit the project in the future. Before you start to create
the folders on disk and move the datasets around, it's a
good idea to sketch out the organization of the project
folders.

FPRAJECT FOLDER

= AsLALYEIS FOLDER
= CITr_LAYEES FOLDEFR.
= CITY_SHARE FOLDER

IMASE FOLGER
LARD FOLDER
UTLITY FOLDER.

= COUNTY_SHARE FOLDER:
= STATE_SHARE FOLDER

— WATERPROJECT GEODATABASE

The City share, County share, and State share folders are
stored locally on your computer, but they could represent
shared folders accessed over a network. You can use
ArcGIS to manage and display GIS data on any shared
drive on your network.

You'll also want to think about how to name the new
datasets you'll create and to also create naming
conventions. Using meaningful names can help you see at a
glance what each dataset is. For example, if vou merge two
parcel datasets, you might name the output parcel0lmrg to
indicate that it was the first parcel dataset created and the



operation was a merge. If vou then edit the dataset, you
might name the edited version parcel(l2edt, and so on.

You’'ll use ArcCatalog to copy the folder containing the
shared data to a new location so you can work with it while
maintaining the original data. You’ll then create the new
personal geodatabase to hold several of the new datasets
yvou'll create. You'll also create the two new folders: one to
contain the layers from the city’s GreenvalleyDB
geodatabase and another to contain the layers you create
during the analysis. Here are the steps:

= Copy the project folder.
= Create a connection to the project folder.

= Create the WaterProject personal geodatabase in the
project folder.

* Create the City layers folder in the project folder.

* Create the Analysis folder in the project folder.

If yvou have not already done the tutorial in Chapter 2,
‘Exploring ArcCatalog and ArcMap’, you will need to
check with your system administrator to learn where the
tutorial data is installed. Before you start the project you
will also need to make a folder connection in ArcCatalog to
the Greenvalley folder (use the instructions in Chapter 2).

Copying the project folder

The project folder contains data that other orgamizations are
sharing with yvou. You'll copy the whole folder to your own
drive.

. Click Start, point to Programs, point to ArcGIS, and click
ArcCatalog.
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2. Navigate to the ArcGIS\ArcTutor'Getting  Started folder.
Double-click the Getting Started folder to show 1ts
contents.

|

& Catalog
=0F Yol
= AncGIS
-3 arcesedl
= 0 ArcTutor
- A0Anakyst
- BuildingaGeodatabasze
@ [ Catalog
-2 Editor
- Geocoding
E- 2 Geoslatstics
=]
- Gresnwalley
- project

3. Chick the project folder, hold the Ctrl key, drag the folder
from its current location, and drop it onto your C:\ drive
or any other local drive or folder.

§! Catalog
= aE
SR f%m
& (B ancexed
= L0 ArcTutor
-0 I0Anabyst
- BuildingaGeodatabage
[ Catalag
-0 Editor
- Geocoding
= [ Geoslahstics
E- 23 Gefling_Started
- Greemvallay
= Eproject




Substitute your local drive or folder for C:\ for the rest of
this chapter.

Dragging a folder to another drive—for example, from the
C:\ drive to the D:\drive—copies the folder and its contents
to the new location. Dragging to another location on the
same drive moves the folder. To copy a folder to another
location on the same drive, hold the Ctrl key while you
drag.
4. When ArcGIS is finished copying the data, click C:\in
the Catalog tree to view the contents of the C:\ drive on
the right side of the Catalog window.

You can see that the project folder is listed.

Conterts | Preview | Metadets |
MEma

o AeeGlS

& project

| Type
Fobder
Foidar

Mow that vou've copied the project folder, you can work on
your copy of the data without modifying the original data.

Connecting to the project folder

If you have many folders on a drive, it can become tedious
to scroll to one you use frequently. Making a connection
puts that folder at your fingertips. You'll create a
connection for the project folder.

In the tutorial, yvou made a folder connection by clicking
Connect to Folder and browsing. Here 1s a quicker way:

1. Click the List button &= . MNavigate to the project folder
in the right side of the Catalog window (the Contents tab
should be selected).

2. Click the project folder and drag and drop it onto Catalog
at the top of the Catalog tree.

Contents | Fre,
Marme
[ AncGlS
= arcexedl 5 project
=20 ArcTutos
-3 ID&nabyst

#- BuildingaGeodainbasza

The new folder connection—C:\project—is now listed in
the Catalog tree.

|

E‘l Catalog
R W]

=18 Databass Connecions
@ E8 remet Sersers

The connection is a shorteut to the project folder. For the
rest of the project, you’ll access the data in the project
folder using this connection.
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Creating a personal geodatabase

Next, you’ll create a personal geodatabase within the
project folder to store several of the updated and new
datasets you’ll create during the project. Using a
geodatabase is an efficient way of storing, accessing, and
managing data.

1. Click the project folder connection you just created to
see its contents in the right side of the Catalog window.

Fuoldar
Folder

Frildar
Fiaster Dadesed

2. Right-click the project folder connection, point to New,
and click Personal Geodatabase.

- CARrBIES
BEDy o
13 Databa B

m-52 Infemet 5

You will see additional options if you are using ArcInfo.

15

The new geodatabase is listed in the right side of the
Catalog window with its name highlighted (New
Personal Geodatabase).

Falder

Falder

Falder

Pemsanal Geodstabase
Fiastar Distasat

3. Rename the geodatabase by typing “WaterProject™ over
the highlighted text. Press Enter.

Folder
Foldsr

Folder
Parsonal Geaodetsbese
Fumater Dataset




Creating the City_layers and Analysis folders

Now you'll create two new folders under the project folder

to hold the layers from the city's GreenvalleyDB
geodatabase and the new layers you'll create later during
the analysis.

1. Right-click the project folder, point to New, and click
Folder.

The new folder is listed on the right side of the Catalog
window with its name highlighted—New Folder.

Falder
Fualder

Falder

Falder

Ferzonal Geodatabass
Fezster Datasat
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2. Rename the folder by typing “City layers™ over the
highlighted text. Press Enter.

Foldar
Foldar
Foildar
Foldar
Parsonal Geodalabase
Faatar Dataset

Create the Analysis folder the same way.

3. Right-click the project folder, point to New, and click
Folder. Rename the folder “Analysis™.

Folder

B City_laers Foldar
I City_share Fobder
&3 Caunty_share Foider
State_sham Foidar
WmterFroject Farsonal Geodalabaze
Bl citv_logo Fimstar Dueaset

If you make a mistake and create the folder in the wrong
location or misspell the name, simply right-click the folder,
click Delete or Rename, and start over.



Adding data to the project folder

Three of the data sources you need—parks, streets, and the
flood zone—are in the city’s GreenvalleyDB database,
which is already on your local drive. Since you’ll be
modifying the parks feature class by adding the new
historic park, vou'll copy it to the WaterProject
geodatabase you just created. That way, you maintain the
original data as a backup. You won’t be modifying the
other two feature classes—only using them for display and
analysis. Rather than copying them, you'll create layvers in
the project folder that point to the original data in the
GreenvalleyDB geodatabase. This will let yvou access the
data from within the project folder without creating
duplicate datasets. This is especially usetul when accessing
data over a network. Here are the steps:

= Copy the parks feature class from the GreenvalleyDB
geodatabase to the WaterProject geodatabase.

= Create the streets layer in the City layers folder.
* Create the flood zone layer in the City layers folder.
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Copying the parks feature class to the
WaterProject geodatabase

1. Click the plus sign next to the project folder in the
Catalog tree to expand the contents.

1

B Caislog

- T

- [i CAACGISYArcTulor Getling_Stated\ Greermsalley

= Gy (SRR
B Anakysis
E- City_layers
&3 City_share
& County_share
-8 State_shore
-1 ararProject
-8 city_logo

- O

2. Double-click the Greenwvalley folder connection in the
Catalog tree.

The contents appear in the right side of the Catalog
window.

2] Cantents | eraview | mat

(B Catalog
- T Mame
O EEETEEETETTETE |
-2 Dede @] Dicswnilorsm Wister
& Doramborwn Watar & Greemalley
ﬂ Grﬂﬂﬂ'ﬂ'ﬂ"w Q'q‘-'a.l:er Llza
'a wietar Uise
= & C:\project
j: R | Anshpezis
-l City_layars




In the tutorial in Chapter 2, you created a connection to the
Greenvalley folder. If the connection is no longer active,
navigate to the Getting_Started folder, expand its branches,
and click the Greenvalley folder.

3. In the Catalog tree, double-click Data, double-click
GreenvalleyDB, and double-click the Parks feature
dataset.

§ Catslog
=@ Cy
@ C\AcGIS\ArcTutor\Geting_Staned\Greemvalley
= @@ Dats
5 B GreenvalleyDB
sy rology
R

# P Public Buildings
&9 Public Utility
& 'Y Transponation

@) Downtown Water

&1 Greenvallay

& Water Use

= @ C\project
& &8 Analysis

The GreenvalleyDB geodatabase is organized using feature
datasets such as hydrology and transportation. Feature
datasets are useful for grouping related feature classes
within a geodatabase. For example, you might include
feature classes, such as water mains, laterals, junctions, and
pumps, within a feature dataset named WaterSystem. All
the feature classes within a feature dataset have the same
geographic extent. In addition, the feature classes maintain

some common topological relationships. So, for example, if
you edited the junction feature class and moved the location
of a water junction, the attached lines in the mains and
lateral feature classes would move accordingly.

Since the WaterProject geodatabase you created will
contain only a few feature classes. it’s not necessary to use
feature datasets.

4. Click and drag the parks polygon feature class to the
WaterProject geodatabase in the Catalog tree. Scroll
down if the WaterProject geodatabase isn’t visible.

# P Parks
= 2P Public Buildings
= P Public Uity
&= P Transporistion
&) Downtown Wates
Q) Greemvalley
© WaterUsa = |
= @ C\projct
i+ &3 Analysis
= 5 City_leyers
# @3 City_share
1= 8 County_share
= @ Stosz_shara
sl oc o ec)

88 cay_logo il
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5. Click OK on the Data Transfer dialog box that appears.

|
ok &_paixgon gada_poixgen

I
=

6. When the transfer is complete, click the plus sign next to
the WaterProject geodatabase in the Catalog tree.

The parks_polygon feature class is listed.

= Chproject

- @2 Anslysis

| I City_layers

EE-li City_shars

| EHEE County_share

| @ Stete_share

| =@ warerFroject

i -2l parks_potygon
| i ci logo
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Creating the streets and flood zone layers

Unlike the parks feature class, you won't be modifying the
streets and flood zone data—syou’ll simply be using the data
in the analysis process. So, rather than copying the data into
the project folder, you’ll create layers to serve as shortcuts
to the data. That way, you maintain a single copy of the
data in the GreenvalleyDB but will be able to access the
data from within the project folder.

The contents of the GreenvalleyDB geodatabase should still
be visible in the Catalog tree. If not, double-click the

Greenvalley folder to show its contents, then double-click
Data, and double-click GreenvalleyDB.

1. Double-click Transportation.

-Gl CAAEGISArc Tutor, Gefing_Siared, Greenmallay
| = Data
£ 0 GreenvalleyDB
-9 Hydrology
P Parks
29 Public Buildings
- Publc Utility
=5
-] strest_anc
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—& Water Use



2. Right-click street_arc and click Create Layer. Use the same procedure to create a layer for the flood zone

data.
El ) TGS Arc Tuton Geting _Stared) Graemsaliey
-5 Data l. Double-click the Hydrology feature dataset in the
= ﬂ GraarvalleyDB . .
% [ Hydrology Catalog tree, right-click the flood polvgon feature class,
+ 3 Parks and click Create Layer.
& i Pubke Buildings
P E ?:b.:c '-'E::-: | 2. Navigate to the City layers folder in your project folder
B Eﬂ g and type “flood zone™ to name the layer. Click Save.
&7 Dovrioen Wabar B2 copy Cul+C . N N
&) Greemalley ¥, Delete 3. Click the project folder in the Catalog tree and double-
& Water Use Ri=n F2 . .
6 Ci\propect ame | click the City layers folder.
i+ 3% Database Ennne-:d-DM_ )
& & ntermat Servars Export r = L'S&ETIE.:-
£} [=] [
Load Diata -0 LIS
- HevesrBemelch Addrecees. & food_zone
5 Properies.. & streels
EHE City_sharne
3. In the Save Layer As dialog box, navigate to the -8 County_share
) . . -8 State_share
City_layers folder in your project folder and type o B WaterProject
“streets™ to name the layer. Click Save. &l parks_polygon
i il city_logo
save teywr A K|
Lookin [ cin,_eyers =] | alselct] [ miss|

The two layers are listed; you may need to click Refresh
on the View menu to see them.

The streets and flood zone layers are now stored with your
project data. The actual data for each layer is stored in the
GreenvalleyDB database. This database 1s on your local
drive in this case, but it could just as easily be a remote
database accessed over a network.

Hame: [stranctz| Seva I
Sovm anhpe  [Lmynn i b =] Cancel |

The streets layer 1s created in the City layers folder.
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At this point, vou’ve organized all the existing project data.
Mow you can access all the data from within the project
folder. Your project folder should look like this:

- B
I:l Anakysis
= City_layers
4 flood_zone
& clrasls
=3 City_sharne
=& image
Bl historic
=-&8 land
El parcal_1
Bl parcsl_2
B ulility
1 P junction
=88 County_share
B river
=58 State_share
-3 clovation
B 1ovdand
i3 cteate_dot
= - wWaterFrojec
El parks_polvgon
=8 otv_logo

You may need to open each folder and the geodatabase to
see all the layers.
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Previewing the data in ArcCatalog

So far you've organized the project data by copying data
folders and files. It’s a good a 1dea to review each dataset
to see what the spatial data looks like and what attributes it

The right side of the Catalog window displays the name
of the layer, along with its type and a gray square
containing an icon representing the flood zone polygons.

has. Doing so will help you make sure you've assembled
the datasets vou need. You will also be able to determine if
any of the data needs additional processing to be usable for
the analysis.

You hawve several options for examining the data.
ArcCatalog lets you quickly preview the features and
attributes in each individual dataset. ArcMap lets you
display the datasets together, change how they're displayed,
and zoom in on them to take a closer look. You'll use both
ArcCatalog and ArcMap to review your data.

Previewing the streets and flood_zone layers

1. Navigate to and click the flood zone layer in the Catalog
tree.

= C:\project
I3 Anabhysis
B City_lavers
9

& stresls
=3 City_share
-8 image
=3 historic
= B land
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2. Click the Preview tab.

The flood zone polygons are displayed.

Proias  |Gooqimphy =]




While yvou’'re here, vou can create a thumbnail view of the
flood zone layer. This will let you quickly see what the
layer looks like as you navigate through the Catalog tree.

5. Click the streets layer in the Catalog tree and click the
Preview tab.

Since you just created the layers, the thumbnails don’t exist i :
vet.
3. Click the Create Thumbnail button on the toolbar.
| & @ 7 @ | @ | Bft—Create Thumbnail i
\ L —
]
MNothing happens on the screen, but the thumbnail 1s It B
created and stored with the flood zone laver.
4. Click the Contents tab. %
Rather than the gray square vou saw previously, vou see
the thumbnail showing the actual flood zone polygons.
Crrvimt: | Framismn | Wmtmcias | T
Fhamp  Thopd_soae hyw -
Tiss Ly
The streets are displayed.
.FF@ S . .
- 6. Click the Create Thumbnail button on the toolbar.
R . 7. Click the Contents tab to see the thumbnail.

Corsmris: | Freviwe | utosiotn |

Mow preview and create a thumbnail for the streets layer.
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8. Click the City layers folder in the Catalog tree, then
click the Thumbnails button on the toolbar.

| %0 EE[7 23] & | Q @[ W2

Thumbnails

The thumbnails yvou just created for these layers are
displayed.

Thumbnails are useful for quickly previewing all the spatial
data in a particular folder or geodatabase.

Exploring the other data folders

You can preview the other datasets by looking at the
contents of the other folders in the project database. The
thumbnails for these datasets already exist.

1. Click the plus sign next to the City _share folder in the
Catalog tree to list its contents.

2. Click the image folder.

Since the Contents tab is selected and the Thumbnail
button on the toolbar is also selected, the thumbnail for
the historic park TIFF file displays.
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3. Click the land folder to see the two parcel shapefiles
vou’ll be working with, then click the utility folder to see
the water junction coverage.

4. Click the State share folder to display the thumbnails for
the elevation grid and lowland shapefile.
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The State share folder also contains a file named

state dot.prj that contains the coordinate system definition
for Department of Transportation data. Your colleague at
the state DOT wisely included it in case there was a
question about the coordinate system of the elevation
datasets. Since it’s not a geographic dataset. there 1s no
thumbnail.

Previewing the river shapefile

The County share folder contains the river shapefile
created by the County Water Resources Department.

1. Double-click County share to show the folder’s
contents, if necessary.




=23 City_shere
| = §® image
j @ Bl historic
| =& lend

& parcel_1
| &l parcel_2
= utility

The river thumbnail appears. The shapefile contains a

single river. You can take a closer look to make sure you

have the right shapefile.
2. Click the Preview tab.

The sedection canmol be Eeuiewed.]
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You get a message saying “The selection cannot be
previewed.” That’s because the County share folder is still
selected.

The Preview tab previews a single dataset only. In contrast,
the Contents tab displays all the datasets in a folder or
geodatabase as thumbnails, a list, or icons representing the
datasets. The Contents tab will also show you the contents
of a single dataset. For shapefiles, feature classes, or image
files, it displays the name and type of the dataset, along with
the thumbnail. For coverages, the Contents tab lists the files
comprising the coverage.

3. Click the river shapefile in the Catalog tree.

=-3 City_share
= &2 image
=4 histonic
=% land
B parcel_1
| &l parcel 2
=558 ublity
= 2P junction
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Examining the data in ArcMap

The Contents and Preview tabs in ArcCatalog give you a
quick overview of what your data looks like. However, the
thumbnail images aren’t drawn to scale or in the correct
geographic space. Plus, each dataset is displayed
separately. To see how the datasets relate to each other
geographically, you need to display them in ArcMap. This
will let vou confirm that the datasets all overlap with your
study area.

Opening a new map

l. Click the Launch ArcMap button in ArcCatalog to start
ArcMap.

& QS N

Launch ArcMap

2. If the startup dialog box appears, click the option to use
A new empty map and click OK.
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If the startup dialog box doesn’t appear, ArcMap
automatically opens a new map.
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You can think of ArcMap as providing two functions: (1) a
workbench, or desktop, where you view, query, edit, and
combine geographic data and (2) a canwvas, or page. where
you compose (layout) maps for display. You usually work in
Drata view for the former and Layout view for the latter,
although vou can also work with the data in Layout view.
Data view is the default when you start a new map. You'll
do most of the work for vour project in Data view. You'll
work with Layout view in Chapter 8, ‘Presenting the
results”.



Adding the parcel layers to the map

The two parcel layers you’ve obtained from the city
assessor’'s office constitute the area in which you’ll focus
your search for a wastewater treatment plant site. You'll
combine the two layers in the next chapter, but for now you
can display them together to get a better sense of the area
you’ll be working in.

There are two ways to add data to a map. You can use the
Add Data button on the ArchMap toolbar and navigate to the
location of the dataset, or you can drag datasets from
ArcCatalog and drop them on the map. The end result is the
same, so which you use is a matter of preference. You’ll get
a chance to use both in this section.

1. Click the Add Data button on the ArcMap toolbar.

| -

Add Data

@}{_|m ﬁ-|

2. Mavigate to the City share folder under the project
folder.
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27

Double-click the land folder.

Click the parcel 1 shapefile, then press the Shift key and
click the parcel 2 shapefile so both are selected.

5. Click Add.
jpdepgtts &
Lookin [ on =] 2| zalaw|s] [E m|asE
AT ||:mu:nl 1.ahg parcal_2 shp | Actd I
Show oltvpe: | Dansrsets and Layers (= b =] Cancel I

The parcels are listed in the table of contents and
displayed on the map. You can see that they're adjacent.

When you add a dataset to a map, ArcMap uses a color
that it selects. The colors on your map may not maich the
ones shown here. You can change the colors and symbols
for the layvers on your map, as vou'll see later in this
chapter.



Adding the rest of the city data to the map

MNow you’ll add to the map the streets and flood zone
layers from the City layers folder, the parks feature class
from the WaterProject geodatabase, and the wastewater
junction coverage from the City_share folder. As an
alternative to adding data to a map using the Add Data
button, you can add data simply by dragging the datasets
from ArcCatalog.

1. Make sure both the ArcCatalog and ArcMap windows
are visible.

2. In the Catalog tree, navigate to the project folder.

3. Double-click City_layers, if necessary, to display its
contents.

4. Click flood_zone and drag it onto the map.

7

The flood_zone feature class is drawn on the map.
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-

.
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5. Click the streets layer and drag it onto the map.

6. Inthe Catalog tree, open the utility folder under the
City_share folder. Click and drag the junction coverage

onto the map.

7. Finally, open the WaterProject geodatabase, if

necessary, and click and drag the parks polygon feature

class onto the map.

Now you've displayed most of the project datasets,
stored in various folders and in different formats, all on

the same map.
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By default, ArcMap draws point features, such as the
junction, on top of line features, such as the streets. It
draws polygon features under the others. Within each type,
the drawing order depends on the order the data was added
to the map, with the most recent addition on top. You can
rearrange the drawing order by clicking and dragging
layers up or down in the table of contents. You can also
choose your own colors and symbols for the layers.

Since the flood zone layer is drawn on top of the parcels, it
partially obscures them. You’ll display the parcel outlines
on top of the flood zone so you can see the flood_zone
beneath.

8. Inthe ArcMap table of contents, click the flood zone
layer and drag it to the bottom.
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9. Right-click the legend symbol under parcel 1.
10. Click No Color at the top of the color palette.

= &F Layers
H @ junction pont

H A stesis

Do the same for the parcel 2 coverage.

11. Right-click the legend symbol under parcel 2 and click
No Color on the color palette.

The parcel outlines are displayed, and you can see the
flood zone area underneath.
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You're still zoomed in to the study area delineated by the

parcel coverages. To get the big picture, zoom to the full
extent of the datasets.

12. Click the Full Extent button on the Tools toolbar.

Full Extent




Now the map extent includes the additional datasets 3. Click river.shp and click Add.
you’ve added to the map. You can see where the parcels
you’re focusing on are in relation to the rest of the city.

I |

ArcMap displays a message that the river shapefile has
a geographic coordinate system that differs from other
data in the map. All the datasets you've added up to this

Adding the river shapefile to the map point are from the city, and all use the same geographic
coordinate system (Transverse Mercator). Apparently,

Next you'll add the river shapefile, from the County Water the river shapefile uses a different coordinate system

Resources Department, to the map. than the city data.

1. Click the Add Data button on the ArcMap standard _
toolbar. wWarning

2. Navigate to the County_share folder under the project
folder.
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Every dataset uses a geographic coordinate system to link
the coordinates stored in the GIS to actual locations on the
surface of the earth. The coordinate system allows the GIS
to determine where geographic features are located in
relation to each other. There are many different coordinate
systems used with geographic data. You can display the
coordinate system for a dataset in ArcCatalog. ArcToolbox
lets you define or change the coordinate system for a
dataset. You’ll get a chance to do this in the next chapter,
where vou’ll also learn more about what a coordinate
system is.

When vou create a new map in ArcMap, the coordinate
system used by the first dataset vou add to the map, in this
case the parcel 1 shapefile, defines the coordinate system
for the entire map. If yvou add a dataset that doesn’t use that
same coordinate system, ArcMap will attempt to transform
it on the fly so it displays correctly with the other data.

4. Click OK to close the Warning message box.

ArcMap transforms the river to the same coordinate
system as the other datasets so it can be displayed.

You could just leave the shapefile in its original coordinate
system, but since it will eventually be added to the city’s
GreenvalleyDB geodatabase, vou’ll want to put it in the
same coordinate system as the rest of the city’s data. You™ll
do that in the next chapter.

Adding the elevation data to the map

Next you'll take a look at the elevation data from the state
Department of Transportation.

l. Click the Add Data button and navigate to the
State share folder.

2. Chick elevation and click Add.
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As with the river shapefile, ArcMap warns vou that this
dataset has a coordinate system that differs from other
data on the map. Apparently the elevation data is also in
a coordinate system different from that used by the city
for i1ts data.

3. Click OK to close the Warning message box. ArcMap
adds the elevation grid to the map.

.
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Since the grid is raster data, which 1s displayed as a
continuous layer, it is added to the bottom of the table of
contents and is drawn beneath the other lavers. You can see
that the grid doesn’t underlie the entire city but does
coincide with your study area.
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MNow add the lowland shapefile to the map.

4. Click the Add Data button and click lowland.shp, then
click Add.

ArcMap warns you that the layer i1s missing spatial
reference information and can’t be projected.

{E_h Cires or -y

ng speisl rek o Cists from hose lmsers cannot be projecied.

ArcMap can only transform data on the fly if the data is in
latitude—longitude, which ArcMap can recognize, or if the
coordinate system for the data has been previously defined,
as it was for the elevation grid.

Apparently, the coordinate system was not defined for the
lowland shapefile when it was created from the elevation
grid. Presumably, it 1s in the same coordinate system as the
elevation grid. but ArcMap doesn’t know that at this point.

5. Click OK to close the Warning box.

ArcMap adds the data. You'll notice that while lowland
appears in the table of contents, it doesn’t appear on the
map (it should appear on top of the layers that are listed
below it in the table of contents). That’s because it’s in
another—unknown at this point—coordinate system, so
it can’t be displayed correctly with the other data.



6. Click the Full Extent tool. 7. Right-click lowland in the table of contents and click
Zoom To Layer.

= & Layers
= & junchon poat
L
=& nver

ull Extent

H & ahests

There is a tiny dot at the bottom of the screen (that’s the
lowland shapefile) and a slightly larger dot at the top of
the screen—that’s the rest of the data. ArcMap adjusts
the extent to the full range of coordinate values in both
coordinate systems and draws all the layers within that

extent.

«—All other layers

-—Lowland layer
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Now you can see the lowland shapefile but not the rest The other datasets should now be displayed.
of the data. You’ll define the coordinate system for
lowland in the next chapter so you can display and
overlay it with the other data.

Creating a layer from the elevation grid

By default, the elevation grid is displayed using a grayscale.
You’ll be displaying the elevation grid on the final map later

8. Click the Go Back to Previous Extent tool, then click it in the pf'oject, so while you're here, you'll create a new
apain. layer with the symbology you want to use.
. 1. Right-click elevation in the table of contents and click
roperties.
QQ Propert
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The Properties dialog box appears.
2. Click the Symbology tab.

3. Click the Color Ramp dropdown arrow, scroll down to
the color ramp appropriate for representing elevation

(from orange through yellow and green to blue), and
click it.

The default for this ramp is orange for low values and blue
for high. You want to reverse the color ramp for the
elevation grid.
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4, Check the Invert check box.

text box.

(%))

This will make the colors less intense, so it will be easier
to see the other layers displayed on top of the grid.



6. Click OK. The grid is displayed using the color ramp and
transparency settings you specified.

So far, the display settings for the elevation grid are valid
only for the current map. To make sure the grid is displayed
this way when you create your final map, you'll save it as a
layer file.

7. Right-click elevation and click Save As Layer File.

Velue
P High 173
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The Save Layer dialog box appears.

8. Navigate to the City layers folder, name the layer
“elevation grid”, and click Save.

Now when you want to display the elevation grid again, you
can just add the elevation_grid layer to the map and it will
be drawn using the display settings you specified.

Layers store a shortcut to a data source and, optionally,
information about how the data should be displayed on the
map. Any time you add a dataset to a map in ArcMap, you
create a layer since the map stores the data source and the
symbology associated with it. When you save the map, the
layer information is also saved.

As you've seen, you can also create layers as separate
files. These layer files can be used to store symbology and
other information, so the data is displayed the same way
each time it is added to a map (as you just did with the
elevation grid layer). They can also be used to access a
data source without having to navigate to the actual location
of the data (as you did earlier with the streets and

flood zone layers).



Saving your map

The map you’ve been using to assemble your project
database is a working map. You’ll be displaying and using
some of these same layers in the next chapter. Save the
map now so you can use it in the next chapter and won’t
need to add the layers again.

1. Click File and click Save.

e

2. Navigate to the project folder.
3. Type “wastewater data™ in the File name text box.

T - | [

4. Click Save.
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The map is saved as a map file. Notice that the name of
the map now appears in the title bar.

You're done using ArcMap for the time being. so go ahead
and close it.

5. Click File and click Exit, or simply click the Close button
(X) in the upper-right corner of the ArcMap window.



Cleaning up the Catalog tree

At this point, you've made folder connections, created and
copied folders, and created layers to organize your project
database. The Catalog tree in ArcCatalog is beginning to
appear cluttered. Before you begin working with the data in
the next chapter, clean up the Catalog tree. This will make
it easier to find the data vou need later.

The connection to the tutorial folder you created in
Chapter 2 is unnecessary now that vou have copied the
project folder and the files supplied by the city, county, and
state. Deleting this connection will make more room in the
tree.

1. Right-click the ArcGIS\ArcTutor'Getting  Started',
Greenvalley folder connection and click DMsconnect
Folder.

E! Catalog
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=l CAprojact [y B EHrle 2
w2 Anabssis
- City_laars
@ slevation_grid
€ food_rone
@ sirests
e City_share
w20 County_share
i State_share
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The folder connection is removed from the Catalog tree.

Mow the Catalog shows only the data that vou need for the
project. You may need to click View and click Refresh or
close and reopen ArcCatalog to see the elevation grid layer
and the wastewater data map vou created since you last
used ArcCatalog.
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Preparing Data for the AM Project

Data preparation tasks

For this project, vou'll need to perform several tasks to
prepare your data for analysis. You'll be working with data
from various sources and in various formats: shapefiles,
geodatabase feature classes, coverages, and rasters.
ArcGIS lets you display and combine data in these formats
without converting it. You’ll define the coordinate system
for the lowland shapefile so it can be displayed and
combined with the other data. Then you'll project the river
shapefile to the same coordinate system as the city’s
existing data and export it to the WaterProject geodatabase
so it's ready to be placed into the city’s geodatabase. The
section “What are coordinate systems?’, later in this
chapter, provides a brief overview of coordinate systems
and map projections.

You’ll also update the parks feature class with the new
historic park so it, too, will be ready to be placed back into
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the city’s geodatabase. Finally, yvou’ll merge the two parcel
layers that comprise your study area.

Here are the processing steps to prepare the data for
analysis:
+ Define the coordinate system for the elevation data.

+ Project the river shapefile to the city’s coordinate
system.

+ Export the river shapefile to the WaterProject
geodatabase.

+ Digitize the historic park into the parks feature class.
+ Merge the parcel layers.

You'll primarily be working with shapefiles since that’s how
most of the data came to you, but you’ll alse be working
with data in the WaterProject personal geodatabase. A
personal geodatabase is useful for processing data on a
local computer that will become part of a large, multiuser
geodatabase.



Defining the coordinate system for the elevation data

The elevation grid and lowland file are in a different
coordinate system from the rest of the data. That’s not a
problem as long as the coordinate system is defined for
those datasets. Without this information, however, ArcMap
can’t do a geographic transformation, and the data can’t be
displayed or overlaid with the other project data. While the
coordinate system for the elevation grid is defined, when
the lowland shapefile was created from the grid, the
coordinate system information was not included. You need
to define the coordinate system for the shapefile.

If you closed ArcCatalog at the end of Chapter 5,
‘Assembling the database’, vou'll need to reopen it now.

Checking the coordinate system information

Before defining the coordinate system for the lowland
shapefile, vou’ll check the coordinate system definitions for
the city data and for the elevation grid. You'll do this by
examining the metadata for the datasets.

l. In ArcCatalog, navigate to the WaterProject
geodatabase under the project folder in the Catalog tree.

2. Open the database to list its contents, then click the
parks polygon feature class.

= Chproject
%I Analysis
# R City_layers
+1-0 City_share
% & County_share
# & State_share
== WaterFroject
=] parks_pokagon
ol | cty_logo
&) wastewahr data

rest of the city’s data.

3. Click the Metadata tab.
4. Click the Stylesheet dropdown arrow and click FGDC

This feamre class, which you copied from the city’s
GreenvalleyDB, is in the same coordinate system as the

=1- (@ D-hproj FGDC FAQ

f-C An|FEDC Geagraphy Netvark

w3 Cifl2o
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ESRI.
| Locaion: [ \projectiweteiPrafect mabhparks
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5. Click the Spatial tab in the metadata panel.

parks_polygon

Personal GeoDatabase Feature Class

Keywords
Theme: city parks

Description
Abstract
City of Greenvalley parks and recreation
facilities,

Purpose
planning and facilities management

parks_polygon

Parsonal GeoDatabase Feature Class

Horizontal coordinate system
Projected coordinate system name:
PCS_Transverse_Mercator
Geographic coordinate system name:
GCS_North_American_1983
Details

You can see that the coordinate system for the
parks_polygon feature class uses a Transverse_Mercator
projection.

Metadata contains information about each dataset. Some of
the information is assigned and maintained automatically by
ArcGIS: other information you add interactively. Metadata
is invaluable when sharing datasets and for documenting
GIS projects.

In this project you'll use metadata to get information you
need for several of the steps. Metadata lets you store a
great deal of information about a dataset: source,
processing status, data quality, attribute values, and much
more. For several of the datasets, we've provided some of
the key information you'll need for the project.

In an actual GIS project you'd also use metadata to keep
track of modifications you make to existing datasets and to
document new datasets you create during the project.
Adding or updating the metadata for a dataset takes a little
extra time, but it pays off if you need to reuse the dataset in
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the future, share it with another department or organization,
or reconstruct your processing steps.

Mow check the coordinate system for the elevation grid.

6. Mavigate to the State share folder in the Catalog tree,
open it, and click elevation.

=l Chproject
M- Anabysis
w1 City_leyers
w5 City_share
#-&8 County_share
=1 g Shate_share
i 3
& iowland
& state_dot
=1 WaterFroject
&l parks_pokegon

7. Click the Spatial tab. When you select a new dataset,
ArcCatalog defaults the metadata display to the
Description tab.

Cantents | Praview Metadsts |

elevation
Raster Dataset - ESRI GRID

Description JJCTETTN ttibutes

Horizontal coordinate system
FProfected coordinate systerm nare:
User Defined_ LambertAzimuthal_Equal_Area
Geographic coordinate system name.!
GCS_User_Defined
Details
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You can see that the elevation grid is in a coordinate system
that uses a Lambert Azimuthal Equal Area projection.

Finally, check the coordinate system information for the
lowland shapefile.

&. In the State share folder, click lowland.
9. Click the Spatial tab.

The metadata lists the bounding coordinates for the
shapefile but doesn’t list the coordinate system since it 1s
unknown.

When you previewed the data in Chapter 3, *Assembling
the database’, ArcMap was able to transform the elevation
grid on the fly and display it with the other project data
since the coordinate system was defined and stored with
the grid. Because the coordinate system for the lowland
shapefile is unknown, ArcMap was unable to transform it.

Defining the coordinate system for the lowland
shapefile

Presumably, the coordinate system for the lowland shapefile
1s the same as for the elevation grid since the shapefile was
originally created from that grid. But vou don™t know for
sure. Thoughtfully, the analyst at the Department of
Transportation who sent you the data also included a spatial
reference file that defines the coordinate system the
department uses for all its data. You'll use the file

state dot.prj to define the coordinate system for the
shapefile within ArcCatalog.



1. Right-click lowland in the Catalog tree and click 3. Inthe Field Name list, click the row containing Shape.

Properties. The properties for the Shape field are displayed below in
the Field Properties list. You can see that the Spatial
| =8 State_share Reference property is listed as Unknown.
| w83 elevation . . . .
P 4. Click the button with the ellipses (...) to the right of
E_é i Spatial Reference.
® - city_logo |
| & wastewabe
(-1 Database Co -
B IntermetSene -
= LaddrEsFes, FID! ject IV
[
(=] Daubla
GRIDCODE Doutle
The Shapefile Properties dialog box appears.
2. Click the Fields tab.
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The ficlds in the shapefile’s attribute table are listed. The
Shape field contains the coordinate information for the
shapefile.

The Spatial Reference Properties dialog box appears.
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You’'ll be defining the coordinate system by selecting a 6. Navigate to the State share folder under the project
predefined coordinate system, specifically the one contained folder connection, click state _dot.prj, and click Add.
in the state_dot.prj file that accompanied the elevation and
lowland data.

5. Click Select.

The name of the coordinate system appears in the
Spatial Reference Properties dialog box, and the details
are listed. You can see that they're the same as for the
elevation grid.

(%)
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7. Click OK to close the Spatial Reference Properties
dialog box.

The name of the coordinate system now appears in the
Field Properties list.

8. Click OK to close the Shapefile Properties dialog box.

You can verify the new coordinate system in the
metadata.

9. Click View and click Refresh, then click the Spatial tab.

You can see that the coordinate system for the lowland
shapefile is now defined.

Spatial

Horizontal coordinate system
Projected coordinate systern name:
User_Defined _Lambert_Azimuthal _Equal_Area
Geographic coordinate system name:
GCS_User_Defined
Details

With the coordinate system defined, the lowland shapefile
should now display correctly with the other project data and

can be used in overlay operations during the analysis. You
can check this in ArcMap.

10. Click the Launch ArcMap button on the toolbar.

Launch ArcMap
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11. In the startup dialog box, click wastewater data.mxd and The lowland layer now appears in the same geographic
click OK. If the startup dialog box doesn’t appear, click space as the other project data.
File on the ArcMap toolbar and click wastewater
data.mxd.

Arcikap
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12. Click lowland in the table of contents and drag it to the
bottom so it displays beneath the elevation grid.

You can see the layer under the elevation grid and see
that it does in fact encompass the lowest elevations in
the city.

13. Close ArcMap. You won't be using this map again, so
click Mo when prompted to save changes to the map.
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Projecting the river shapefile

The next task is to project the river shapefile into the same
coordinate system as the data in the city’s GreenvalleyDB
geodatabase. According to your colleague at the county
Water Resources Department, the river shapefile is in
geographic coordinates (latitude and longitude). The rest of
the data in the city’s database is in the Transverse Mercator
coordinate systemn, which is a projected coordinate system.
As long as a dataset is in geographic coordinates, ArcMap
can transform it on the fly to display and overlay 1t with the
other data (as you saw in the last chapter).

However, the river data will eventually be placed into the
city’s GreenvalleyDB database, so you’ll want to project it
into the same coordinate system as the rest of the city’s
data to be consistent.

Projecting the shapetfile is a two-step process: first you'll
define the coordinate system for the shapefile; then you’ll
define the output coordinate system and project the file.
You’ll do both of these tasks in ArcToolbox. ArcToolbox
contains a number of data management and conversion
tools and wizards.

Defining the coordinate system for the river
shapefile

l. InArcCatalog, click the Show/Hide ArcToolbox button
on the toolbar,

B QB W

Show/Hide ArcToolbox

The ArcToolbox window appears.

2. Dwouble-click Data Management Tools in the ArcToolbox
tree: double-click Projections and Transformations. then
double-click the Define Projection tool. If yvou are using
ArcInfo you will see additional tools not shown here.

B ArcToolbax -
&1 @ =0 analyst Tooks
= analysic Tools
[* Canwersion Tools
B Diata Management Tools
i 8 Databass
[+ Cisconneched Ediing
I?I Dromains
[+ Feature class
FI Features
[+ Fialds
- Genersl
] Genaralzation
[+ Tndenes
[+] Joins |
[+ Layers and Table Yiev
= Progectiors and Trans
| Featiire
\ @ Rasher
i ; Defina Projection
FI ﬁ Raster -
'II I 13

Favorites [ Index ] Search |

The Define Projection dialog box appears.

You defined the coordinate system for the lowland shapefile
using the Properties dialog box in ArcCatalog. ArcToolbox
provides an alternate way of defining a coordinate system.
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3. Click the Input Dataset or Feature Class browse button determined that the shapefile is in geographic coordinates—

and navigate to the County_share folder under the latitude—longitude—however, you need to explicitly define
project folder. the geographic coordinate system before you can project
the data.

5. Click the button next to Coordinate System.

4. Click river.shp and click Add.

The shapefile is listed. The coordinate system is listed as

GCS_Assumed Geographic 1. ArcGIS attempts to
determine the shapefile’s coordinate system based on the
dataset’s coordinate values. In this case, ArcGIS has
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There are three ways of defining a coordinate system: using
a predefined coordinate system stored as a .prj file,
matching the coordinate system of an existing dataset by
specifying the name of the dataset, or interactively
specifying a projection and a datum and their associated
parameters. In this case, you'll be specifying a predefined
coordinate system.

6. Click Select on the Spatial Reference Properties dialog
box.

The Browse for Coordinate System folder opens.

|3 Gaogrephic Coordnata Systems
|23 Projeced Coordinate Systems

ArcGIS provides many predefined coordinate systems for
you to use, stored as .prj files. The files include all the
coordinate system parameters including the map projection
type and parameters, measurement units, and so on. You
can also define custom coordinate systems and save them
as .prj files—for example, the state_dot.prj file.

7. Double-click Geographic Coordinate Systems and
double-click North America.

8. Click North American Datum 1983.prj and click Add.
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The coordinate system information is displayed in the
Details window.

o
| Spatial Reference Properties




9. Click OK to close the Spatial Reference Properties
dialog box.

10. Click OK.
11. Click Close to close the Define Projection dialog box.
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The coordinate system of the river shapefile is now defined.

To verify this, in ArcCatalog navigate to the County share
folder, click river, click the Metadata tab, and click the
Spatial tab. The coordinate system is now listed as

GCS MNorthAmerican 1983, You may need to close
ArcCatalog and restart it to see this.

Projecting the shapefile

When vou define a coordinate system, you simply tell
ArcGIS what projection the dataset uses and what units the
coordinates are stored in. When vou project a dataset, on
the other hand, ArcGIS actually creates a new dataset with
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the coordinates transformed from the existing coordinate
units—in this case, decimal degrees—to a new coordinate
system—in this case, Transverse Mercator meters. You
specify the input dataset and the coordinate system to
project into, and ArcGIS creates the new dataset.

Because you have data that is already in the Transverse
Mercator coordinate system used by the city, you can
simply specify a dataset to match to. The Project tool will
get the coordinate system parameters from the existing
dataset and create a new river shapefile in that coordinate
system.

l. In ArcToolbox, double-click Feature under Projections
and Transformations in the Data Management tools, then
double-click Project.
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2. Click the Input Dataset or Feature Class browse button
and navigate to the County share folder under the
project folder.



3. Click river.shp and click Add. Oustput Dataset or Featureclass

I
Bow 3 o olsls] [ mls

Impuk Datbaset or Featurec lass |

EE— T

5. Click Save.

. . The City share folder is listed as the location to store
You ne_ed to spac}fy a name for the pm_]ﬂ::tﬂfi *_shapeﬁle and the pmjeztbd shapefile river02prj.
a location where it will be stored. You’ll put it in the

City_share folder since it will eventually become part of the

city’s database. You'll name it river02prj since it will be the

second version of the river dataset and will have been

projected.

4. Click the Output Dataset or Feature Class browse button
and navigate to the project folder. Double-click
City_share, then type “river(02prj™ in the Name text box.
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0. Click the button next to Output Coordinate System. 9. Click OK to close the dialog box.
The Spatial Reference Properties dialog box appears. 10. Click OFK.

This is the same dialog box yvou used to define the 11. Click Close to close the Project dialog box.
coordinate system for the lowland shapefile and the river

shapefile. In those cases you specified a spatial reference coordinate system of the data in the city’s database. The

[.prj} file. This time j,fqu'll specif:,-' an existing dataset from projected shapefile, river02prj, is saved in the City share
which to get the coordinate information. You know the folder -

parks feature class is in the right coordinate system since
vou copied it directly from the city’s existing geodatabase.

The Project tool projects the river shapefile to match the

7. Click Import and navigate to the WaterProject
geodatabase under the project folder connection.

8. Click parks polygon and click Add.

prowseforataset |
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The dialog box displays the coordinate system, and you
can see it's the correct one: PCS Transverse Mercator
(PCS stands for Projected Coordinate System).
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Exporting the river shapefile to the geodatabase

The projected river dataset will eventually go into the city’s
geodatabase. You'll export the dataset to a feature class in
the WaterProject geodatabase now, so it will be in the right
format to be copied into the city’s geodatabase later.

1. In the Catalog tree. navigate to the City share folder,
right-click river02prj, point to Export, and click To
Geodatabase (multiple).

The Feature Class to Geodatabase (multiple) dialog box
appears.
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2. Click the Output Geodatabase browse button and
navigate to your project folder.




4. Chick OK.
A dialog box appears showing the script’s progress.
5. Click Close when the script finishes.

6. Navigate to the WaterProject database and double-click
to display its contents.

7. Right-click riverd2prj and click Rename.
8. Type “niver(3exp™ and press Enter.

The next task is to update the parks layer with the new
historic park.
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Digitizing the historic park

You need to add the new historic park to the parks layer so
you can include it in the buffer around parks you’ll create
during the analysis. The Parks Department has not yet
added the planned Homestead Historic Park to the parks
feature class in the city’s database, though it has settled on
the boundary. You'll digitize the park boundary froma
scanned image of the boundary drawn on a map.

You'll digitize the new park into the copy of the parks
feature class in the WaterProject geodatabase. The updated
file will replace the original file in the city’s database later,
after the Parks Department checks to make sure the new
park was added correctly.

After opening a new map in which to do the digitizing, you’ll
register the scanned image to the streets layer. You'll then
digitize the park boundary and add the attributes for the
new park.

Opening a new map

You'll digitize the new park in a new map in ArcMap. You’ll
need to add four datasets to the map: the existing parks
feature class that vou'll be adding the new park to; the
scanned image of the park boundary (stored as a TIFF file),
which you'll use as a guide while digitizing; the streets layer
that vou’ll use to register the scanned image; and the
parcel 2 coverage that you’ll use to snap the park boundary
to since the boundary aligns with the parcel boundaries.

1. Click the Launch ArcMap button on the ArcCatalog
toolbar.

If the ArcMap startup dialog box appears, click the
option for A new empty map and click OK.
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Arrange ArcMap and ArcCatalog so you can see both.

. In ArcCatalog, navigate to the WaterProject
geodatabase under the project folder connection and
open it by double-clicking it or clicking the plus sign next
to it, if necessary.

3. Click and drag parks polygon onto the map in ArcMap.

. Add the parcel 2 coverage to the map by opening the
City share\land folder in ArcCatalog, clicking parcel 2,
and dragging it onto the map.

The parks polygon and parcel 2 layers are displayed on
the map.

5. Click the Full Extent button on the Tools toolbar to see
all of both layers.
e |
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6. Add the streets layer to the map by opening the

City layers folder, clicking streets, and dragging it onto
the map.
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7. Now open the City share\image folder and click and
drag historic onto the map.

You get a warning that the layer is missing spatial reference
information—its coordinate system is undefined.

That’s OK because you'll be registering the image
interactively to place it in the correct geographic space.
Click OK to close the warning message.

You’ll notice that the image is not displayed even though it
has been added to the map. That’s because it’s in scanner
units (inches) rather than in geographic coordinates.

8. Click the Full Extent button on the Tools toolbar.
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When the map redraws, you can see the city data layers as
a small dot in the upper center of the view. The scanned
image is actually drawn in the lower center, but it’s too
small to even see. You saw a similar situation in Chapter 5,
‘Assembling the database’, when you first added the
lowland shapefile to the map.

The extent of the image. which is in inches, is 0 to about 13
in both the x and y directions. The extent of the other data,
which is actual geographic space represented in UTM
meters, is from about 478.000 to about 490,000 in the

x direction and about 3,765.000 to 3,772,000 in the

y direction. ArcMap attempts to draw all the data on the
same page, so the page extent ranges from values of 0.0 in
the lower left of the page to values of more than 490,000 in
the x direction and more than 3,772,000 in the y direction.
The image and the data are drawn in their respective parts
of the page and end up being very small. You need to
register the image so it is in the same geographic space as
the streets, parcels, and parks.

9. Right-click historic.tif in the ArcMap table of contents
and click Zoom To Layer.

Now you can see the image.
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Before registering the image, save the map in case you
need to stop or take a break during the process.

10. Click File and click Save.

11. Navigate to the project folder. Type “water project” to
name the map and click Save.

You'll use this map for the rest of the project.
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Finding the park area on the streets layer

The Parks Department added several registration marks to
the sketch at street intersections. You'll register the image
to the streets by interactively adding links between the
image and the streets layer—{irst pointing at a registration
mark on the image, then at the corresponding intersection
on the streets layer. You'll need to find the area on the
streets layer corresponding to the area covered by the
image. To make it easier to do this, you'll first open an
overview window, so you’ll be able to see the image and
the streets at the same time.

1. Click Window and click Overview.

A small window appears showing the image.




The overview window displays whichever layers are
displayed in the main window at the time you open it,
although you can modify this once the window is created.
By default, it also shades the area visible on the main
screen. Since the main window and overview window show
the same area at this point, the shading covers the entire
image in the overview window. When you zoom to the
streets, the overview window will continue to display the
image, so you’'ll be able to see both.

MNow you can find the park area on the streets layer and
Zoom to it.

The image has several streets marked on it in the vicinity of
the park including Robin Lane, Peacock Lane, and Sparrow

Dirive. You can search for one of these on the streets layer
to find the area the park is in.

2. Click the Edit menu and click Find.

Al Elamente

3. In the Find text box, type “Peacock™.
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4. Click the In dropdown arrow, scroll down, and click

streets.

5. Click In fields, click the dropdown arrow, and click
NAME.

6. Click Find.

Peacock appears in the list of features that have been
found.

7. Right-click Peacock and click Zoom to feature(s).

The map displays the area that includes Peacock Lane. The
overview window still displays the image. You may want to
enlarge the overview window so it’s easier to see the
image—simply click and drag one of the corners of the
window. You may also want to move the overview window
to make it easier to see the streets.



8. Click Cancel to close the Find dialog box. MNow the display is zoomed to the area corresponding to

To make sure yvou're in the right area, label the streets. the image.

9. In the table of contents, right-click streets and click I L L peb | | el
Label Features. |

You can see that you're in the area that includes the park.

10. Use the Zoom In tool on the Tools toolbar to draw a box
around the four street intersections that correspond to l |
the control points on the scanned image. Use the image
displayed in the overview window to orient yourself. ]

[l e e
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‘,.. - 12. You won’t need to display parcel 2 for the next set of
{= [ | T | steps, so uncheck the layer to make it easier to see the
i streets.
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11. Close the overview window.,
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Registering the scanned image

Mow you're ready to register the image to the streets layer.
You'll do this by adding links between the control points on
the image and the corresponding street intersections on the
streets layer. This is known as georeferencing. ArcMap
requires a minimum of three links to transform the image—
rotating, scaling, and warping it as needed to fully register it
to the streets.

l. Click the View menu, point to Toolbars, and click
Georeferencing.
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The Georeferencing toolbar appears.

2. Click the Layer dropdown arrow and click historic.tif.

Georaterencing = |Leyer. [bisionc il O &3 |
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3. Click the Georeferencing dropdown arrow and click Fit
To Display.

Georeierencine
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ArcMap scales the image to fit in the current window.
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Since the window is currently zoomed to the four street
intersections that match the registration marks on the
image, the sireets and the image are displayed at
approximately the same scale. You can see, though, that the
control points aren’t located exactly at the intersections.
You’ll add three links to register the image. To make it
easier, you'll use a magnifier window. You can add control
points within the magnifier window.



4. Click Window and click Magnifier. The mouse pointer turns into a crosshair when it is
anywhere on the map.
View Insent Selecion Tools |Window Il:lnlp | 6. Drag and center the magnifier window over the
Overview... registration mark in the upper right, labeled 602, and
release the mouse button. If necessary, reposition the
window so vou can see both the registration mark and
A small window appears with a default magnification of the corresponding street intersection—Robin and
400 percent. Sparrow—mwithin the window.
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When yvou drag the window and release the mouse button, it Note that the registration mark and intersection may be in
magnifies the portion of the display it is currently on top of slightly different positions on your map.
by 400 percent. 7. Center the crosshair over the registration mark and
5. Click the Add Control Points button on the click.
Georeferencing toolbar. A preen control point is added to the image. Move the
mouse pointer away from the control point but don™t
| click again.
Ihisﬂnncln vI oy - j:j@ ) e i
A line stretches from the control point as you move the
| ) mouse pointer. This is the link—ywou’ll connect the other
Add Control Points

end of it to the corresponding street intersection.
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8. Center the mouse pointer over the intersection of Robin
and Sparrow on the streets layer—you can see the link
stretch as you do this—and click.
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You've added the other end of the link. The second control
point is shown as a red crosshair. The image is now shifted
so the upper-right corner of the image is in the correct
location—at the corner of Robin and Sparrow. However,
not all registration marks are located exactly at the
intersections. You'll add a couple more links to achieve
better registration.

Before you add the next link, look at the link table.

9. Click the View Link Table button on the Georeferencing
toolbar.

o Elch

View Link Table

For each link, the table lists the x and y coordinates for the
source—the scanned image—and the corresponding
coordinates for the map—the streets layer.
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If you make a mistake and need to delete a link, select it
and click the Delete button, which looks like the letter X.
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10. Click OK to close the Link Table.
Now you’ll add the other two links.

11. Drag and center the magnifier window over the
registration mark in the upper left, labeled 601, and
release the mouse button.
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If necessary, reposition the window so you can see both the
registration mark on the image and the corresponding street
intersection.

12. Center the crosshair over the registration mark and
click.

13. Center the crosshair over the intersection and click to
add the second control point.

G ]

Fobin
i
.. here.
Click here
first.

The image adjusts slightly. Mow add the third link in the
same manner.

14. Drag the magnifier window over the registration mark in
the lower right, labeled 473.

15. Click the registration mark, then click the intersection.

The image shifis again.
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MNow the control points match closely with the intersections.
You could add a fourth link, but at this point the registration
15 acceptable for your purposes.

16. Click the Georeferencing dropdown arrow and click
Update Georeferencing to save the new registration.
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You don’t need the control points anymore.

17. Click the Georeferencing dropdown arrow and click
Delete Control Points. Then close the Georeferencing
toolbar.

Keep the magnifier window open since you may want to
use it when digitizing the park boundary.



Displaying the park boundary and the parcels

You need to be able to see the image undemneath the
parcels when digitizing, so you'll draw the parcel outlines.

1. Click the legend symbol under parcel 2 in the table of
contents.

2. Inthe Options panel on the Symbol Selector dialog box,
click the Fill Color dropdown arrow and click No Color.
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3. Click the Outline Color dropdown arrow and set the
color to red.

4. Click OK.

5. Check the box next to the parcel_2 layer to draw the
parcels.

You don’t need to display the streets or the street names at

this point, but you'll keep the layer on the map for use in the

analysis phase of the project.

6. Right-click streets in the table of contents and click
Label Features—it’s currently checked—to turn off the
street name labels.

7. Uncheck the streets layer so the streets are no longer
displayed.

8. Right-click the historic.tif layer and click Zoom To
Layer.



Mow your display should show only the parcel
boundaries in red on top of the image.
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9. Click File and click Save to save your map.

You can see that the parcel boundaries in the parcel 2 layer
match well—but not exactly—uwith the parcel boundaries on
the image. Since you'll be snapping the boundary to the
parcel 2 layer and using the image merely as a guide for
digitizing the park boundary, this registration is acceptable.
If yvou were digitizing solely by tracing from the image, yvou
would want to make sure the image was as closely
registered to the streets as possible. To do this, you could
add more links. In any case, the registration might never be
exact because of such factors as distortion on the scanned
image, the placement of registration marks on the image,
and slight differences in the location of the streets on the
image—created from a paper map—and in the GIS
database.
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Preparing to digitize the park boundary

You'll align the park boundary exactly with the surveyed
parcel boundaries by snapping to the parcel 2 layer. First
yvou need to set up the digitizing environment.

l. Zoom in to the park by using the Zoom In tool on the
Tools toolbar to draw a box around the park boundary.
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While you're here, add a boockmark to use when you start
digitizing the boundary.

2. Click the View menu, point to Bookmarks, and click
Create. Name the bookmark Park Boundary and click
OK.

3. Click the Editor Toolbar button.
2] & w2

Editor
Toolbar



4. Click Editor and click Start Editing. MNow set the snapping environment so the new park
boundary will align exactly with the existing parcel
boundaries.

[Bdior | » | # = | Tack [Create NewFeatre -] 6. Click Editor, then click Snapping.

Stan Editing

7. Check the box in the Vertex column for the parcel 2

Siep BEdifing
Save Edite 1&}’&1‘.
N . . [Snapping Environment ]|
The Start Editing dialog box appears. You'll be adding a
feature to the parks polygon feature class you copied to  Laver | Vertex | Edge | End |
. - . strests ([l (| (|
the WaterProjn?ct ceodatabase, so select it as the parks_polygon O 0O 0
database to edit data from. parcel_2 4 O O
5. Click project'"WaterProject. mdb, then click OK.

[StariEditing K|

Which folckar or drtebesa o you want 1o edi date komi? i ok Sheken

ror eia do you 1 . .
_|' i [ Edit sketch wertices

| ClomiectiwimeiPraisctemd | i .

ChAeE SV Arc T o\ Getting_Stersedi Graeresaleyt Date' Graerr. I E Edit sketch ':dg"-’s

: \praject| City_sharetland Cancel [ Perpendicular ta skebch

=11 Topology Elements

1| | =+ o [ Topology nodes

Thase lewan and iables wil be evailabie e acling:

[perts_pebygan B This will snap the editing mouse pointer to the vertices of

the parcels.
8. Close the Snapping Environment dialog box.
= The snapping tolerance defines how close the mouse

pointer must be to an object before it snaps to that object.
You can change the snapping tolerance by choosing Options
from the Editor menu. For this exercise you don't need to
change the snapping tolerance.

The Editor toolbar shows that the target layer—the one
yvou are editing—is parks polygon and the current
editing task is Create New Feature.
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Starting to digitize the boundary
1. Click the Sketch tool.

Editor> b |[&~
1
Sketch tool

It may help if you zoom in to the northeast corner of the
park—you can use the Pan and Zoom tools while you are
digitizing. Just click the Zoom tool, drag a rectangle around
the area you want to see, and click the Create New
Feature tool again to resume digitizing. Then use the
bookmark you created to display the full park boundary
again. Or, use the magnifier window. You can move the
window—and move the mouse pointer in and out of the
window—while digitizing.

If you make a mistake while digitizing, click the Undo
button on the ArcMap Standard toolbar.

B ol |¢
Undo

2. Movwve the editing mouse pointer over the northeast
corner of the Homestead Historic Park boundary.

The existing parcel boundaries are drawn with red lines,
and the park boundary is drawn with a heavy black line.
You'll snap to the existing parcel boundary. The digitizing
mouse pointer is shown as a blue dot with a crosshair.
When the mouse pointer gets within the snapping tolerance
of the parcel corner, the blue dot snaps to the vertex.
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3. Click the northeast corner of the park to start your edit
sketch.
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Homeszstead

4. Move the mouse pointer to the southeast corner of the
park. There are two vertices here. Make sure that the
mouse pointer snaps to the southernmost vertex. Click
the vertex.

After vou add the second point, a line i1s drawn back to
the first point in your sketch to create a polygon that
stretches as vou move the mouse pointer.
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Homestead
Historic

Fark.
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5. Move the mouse pointer to the southwest corner of the
park. There are two vertices here. Click the
southernmost vertex.

Magnification: 400% [Lve
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Placing a vertex by angle and distance

The next segment of the park boundary 1s only half as long
as the parcel boundary. The scanned image includes
dimensions for each segment. You'll use the dimensions to
place the next two vertices using angle and distance.

l. Place the mouse pointer near the parcel boundary line at
the comer of the park. Right-click and click Parallel.

L= ]
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Mow the mouse pointer is constrained to be parallel to the
parcel boundary.



2. Right-click again and click Direction/Length. | | l

BEOE
The Direction/I ength dialog box appears.
Snap To Fzaoure »
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Dieflection, .. T+F s
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Segment Deflection, ., F7
Aeplace Skekch

4. Move the editing pointer near the midpoint of the north

3. Click in the Direction text box and type “007, then click boundary of the parcel. Right-click and click Parallel.

in the Length text box and type “O037. Press Enter.

anap To Feature L
Direckion. .. Ctri+a
Directon /L ength [<] CeReckizn, . TrrlE
[E [B ————— | 9 Lengh... Chil+
i_hange Lengkh
Ahsoiubz &, 7. &
The length of this segment of the park boundary as Delta ¥, ¥... Ci+D

DirectomyfLength. . CtH+

Faralel il

shown on the image is 98 meters.

A vertex is placed on the line coinciding with the parcel

] Ferpendicular T+
boundary 93 meters from the previous vertex you added o
at the corner of the parcel. e ———

Now the next segment yvou add will be parallel to the north
boundary of the parcel.

5. Right-click again and click Direction/T ength
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6. Click in the Direction text box and type 3607, then click Adding a perpendicular line

in the Length text box. type “100.57, and press Enter. _ _ .
= vPe The next segment is perpendicular to the segment you just

added.

Snap To Festure > 1. Move the mounse pointer along the vertical line. partway
Directicr.. e to the north boundary of the parcel. right-click. and click
Defleckion. .. crrl+F PEI]]E'IIE]i(‘H].ﬂI'.
Lerckh... Tl
cChange Length 6 Snap To Featurs 3
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Faralel

The new segment iz added to the edit sketch: it is

5 Deflection. .
100.5 meters long and parallel to the north boundary of seamEre BlssEan.
Replace Skstch
the parcel
Tangent Cures ... T
| I | by eamming F&
- EOR Dekte Sketch  Chil+Delete
Finkh Sketch Fz
Square and Finish
Ansh Part

Now the mouse pointer is constrained to be
perpendicular to the previous segment.
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2. Click to add a vertex partway to the north boundary.
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Adding a point at the intersection of lines

1. Click the Create New Featmre tool dropdown arrow and

click the Intersection tool.

Editor ]

Edtar = ”T|£|: Task: IE
ﬂ'i—{'—:lnterseminn
et
N

The Intersection tool lets you place the next point in your

edit sketch at the intersection of two lines.
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2. Place the mouse pointer near the segment you just
created. A temporary line extends along the segment.
You will make this the first intersection line. Click to set

the intersection line.

First intersection

| |
ECH Ik LR
| 1005
7005
-
Homestead -
=n ] . .
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Fark,
201

line

3. Place the mouse pointer near the north boundary of the
parcel. You will make this the second intersection line.

Click to set the intersection line.
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The new vertex appears at the intersection of the two
lines at the corner of the boundary.

Vertex added at
l intersection

BOB I LM
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Finishing digitizing

Hamestead
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1. Click the northeast corner of the parlk. right-click. then

click Finish Sketch.
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The new park polygon is finished. Its boundary turns
light blue to indicate that it is selected. and it talkes on the
color of the other park polyvzons.

1840.5
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2. Close the magnifier window if it"s still open.

Editing the feature attributes

Now that you” ve finished digitizing the park. yvou can update
the new feature’s attributes in the database.

1. Click the Arttributes button on the Editor toolbar

Target: |park54:no|ygon

E
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Attributes



2. Click next to Name in the Value column and type

“Homestead Historie™.

I'I feahires

= parks_pohygon Froperty “aluz
B 47 FIC 47
FAaRFEAD [l =
Harne [Harmeztend Histane _“_9
hdaintenance bull»
Shepe_Lengith 7937560696454 25
Shope_~fras 29577.A062 202395

A PI

The park will be maintained by the city. so yvou will update
the maintenance field as well.

3. Type “City™ as the value for the Maintenance field and
press Enter. Close the Artributes dialog box.

= parks_poh/oon
1 Homestead Historic

Froperby “alua
FIC 47
FAaRFEAD -l =

MHarme Haormestend Hiztarc

fdaintenance  [Si _“_9
Shepe_Length 793.7560659645425
Shepes_~Srea 29577.9062202395

I'I features
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4. Right-click parks_polygon in the table of contents and
click Label Featuwres.
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The new park is labeled with its name.
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Saving your edits 5. Click File and click Save to save your map at this point.

Now save yvour changes to the park featire class in the
database.
1. Click Editor. then click Save Edits.

The last task before you start the analysis is to merge the
two parcel layers.

Editar = | [ 8 ”?" | Task:
T Start Editing
Stop Editing

2. Click Editor. then click Stop Editing.

Although this was a simple example. you saw how the
Editor provides a variety of tools for constructing features.
Before continuing, clean up the table of contents. You don't
need the historic tif layer anymore. so remove it from the
map.

3. Right-click historic.tif in the table of contents and click

Remove.

- R —

Wal BE Copy
by %
E CpenAtikute Takble
I Joins and Relares 3

4. You don't need to display parks right now. so uncheck
them.
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Merging the parcel layers

Sometimes data that yvou need is in two or more adjacent
datasets. either because of the way the data was created or
the way it is stored. For examyple. multiple datazets might be
created by digitizing from adjacent map sheets into separate
shapefiles. In some cases. data for large areas is stored as
sets of separate tiles to make it easier to manage and
update the features.

The parcel data that yvou will nse in the analysis is stored as
tiles of adjacent shapefiles. You have two tiles that you will
merege into a single layer. so yvou'll be able to more easily
select the suitable parcels during the analysis.

In order to merge the two adjacent layers. vou will create a
new feature class in the WaterProject geodatabase. then
load both existing parcel layers into the new featre class
layer.

Creating the new feature class

1. Right-click parcel 2 and click Zoom To Layer.

Now you'll add the other parcel layer to the map.
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2. Click the Add Data button. navigate to the
City_share\land folder under the project folder. click

parcel 1. and click Add.

Audd Data
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You can see the two adjacent parcel layers. Parcel 1 is 4. Type “parcel0lmrg” as the name. click Next, then click
drawn with a default solid fill color, while the parcel_2 Next again.
boundaries are displayed in red.

5. Click Geometry under Data Type and confirm that the
Geometry data tvpe under Field Properties is Polyvgon. If
itisn’t Polygon. click in the box. click the dropdowmn
arrow that appears. and click Polygon.

6. Click the ellipsis (._.) button next to the Spatial
Reference text box.

- Make sure ArcCatalog is open. then right-click the
WaterProject geodatabase in ArcCatalog. point to New.,
and click Feature Class.
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The Spatial Reference Properties dialog box appears.

The Spatial Reference Properties dialog box displays
with the coordinate system of parcel 2.

O Click Apply and click OK.

10. Click the Import button on the New Feature Class dialog
box. This imports the fields from an existing feature

class.
7. Click Import on the Spatial Reference Properties dialo,
box to import a ccnrdiﬁate system from an existing = 11. Select parcel 2 from the City_share\land project folder,
geodatabase. click Add. then click Finish.

The spatial extent of the coordinate system imported to
create the new featire class mmust include all data that
will be loaded. Since the spatial extent of parcel_2
encompasses parcel 1. parcel 2 will be used as the
input coordinate system reference for this new feature
class.

3. Select parcel 2 from the City_share\land folder. then
click Add.

ParcelOlmre iz added as a new Perzonal Geodatabasze
Feature Class.
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Loading parcel_1 data

The new feature class has now been created using the
spatial extent and field names of parcel 2. but it’s still
empty. You need to load both the parcel_1 and parcel_2
shapefiles to create the final merged feature class.

1. Risght-click parcelOlmre in ArcCatalog. point to Load.
and click Load Data.
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Click Next on the Simple Data I oader dialog box.

. Click the Browse button next to the Input data field.
select parcel_1 from the project\City_shareMand folder.
then click Open.
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4. Click Add. click Next. then click Next again.
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The data loader attempts to match the source field
(parcel_1) to the target field (set by parcel 2). Since the
field names for the new feamwe class were created
based on parcel 2. yvou need to specify the fields in
parcel_1 that represent the same data but have a
different name.

Click the first box labeled None under the Matching
Sonrce Field. Click Parcel 1 [double] in the dropdown
box that appears.
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7. Click Next. click Next again. then click Finish.
MNext you will repeat this process to add parcel 2 to the
parcel0lmre feature class.

Loading parcel_2 data

1. Right-click ParcelOlnwge, point to Load. then click Load
Data.

. Click Next on the Simple Data I oader dialog box.

. Click the Browse button next to the Input data field.

click parcel 2 from the project\City_share\land folder.
then click Open.
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4. Click Add. click Next. then click Next again.
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This time. the Matching Souwrce Field contents are
already filled in becanse you used parcel_2 as the
template for this feature class.
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. Click Next. click Next again. then click Finish.

Click the Preview tab for the parcelOlnwe feature class,
and you will see that both parcels have been combined
to form a single feature class.
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6. Click and drag the new parcel0lnug feature class from
ArcCatalog to the top of the table of contents in vour
map.

7. You don't need the parcel 1 and parcel 2 layers any
longer. so remove them from the map by right-clicking
them and clicking Remove.

3. Click File and click Save to save your map.

In this chapter you have prepared your data for the analvsis

and completed the project database. Preparing data
whether by converting it. changing its coordinate systern.
managing its attributes, or editing its features—is an
important part of a GIS project. The quality of the analysis
and map depends on the gquality of the data. An
organization’s biggest investment in a GIS project. other
than its staff, is nsually in its data.

In the next chapter vou'll perform the analysis to find
parcels that meet the city’s criteria as a site for the
wastewater treatment plant.
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Completing GIS-Analysis for Areal Management

In the AM Project’s planning stage a user decided which data he would need in order to meet the criteria. You then
assembled the data and prepared it for analysis.

At this point a user is ready to perform the analysis. There are often several alternative methods a user can use to get to
the end result.

The approach a user applies is partly dictated by the problem which is necessary to solve, partly by the data, and partly by
personal preference of a user. In this analysis, the parcels suitable for a site for the wastewater treatment plant have to meet
certain location criteria and also have to be vacant. The location criteria fall into two categories: features the plant should be
away from or outside of —away from parks and residences, outside the flood zone—and features the plant should be near or
inside of—near the river, inside the low elevation area. The areas delineated by these criteria become the unacceptable and
acceptable areas for the plant, respectively.

A user will find the parcels that fall outside the unacceptable areas, then find the subset of these that fall inside the
acceptable areas. Next, of the remaining parcels, a user will find the ones that are vacant. The city also prefers that the site be
near a road and near the existing wastewater junction. A user will find and tag the parcels that are within 50 meters of a road. A
user will also find and tag the parcels that are within 500 and 1,000 meters of the wastewater junction. Finally, a user will find
parcels that are at least 150,000 square meters in size, large enough to build the plant on.

If you closed your ArcCatalog and ArcMap at the end of “Preparing data for AM Project chapter”, you will need to reopen
them and reopen the water project map. Your map should currently include the parks_polygon, streets, and parcel01lmrg
layers, with the parcels displayed.

You'll be adding data from several locations during the analysis, so in the Catalog tree navigate to and open the project
folder so you can see the City_layers, City_share, and State_share subfolders and the WaterProject geodatabase. Open each
subfolder and the geodatabase so you can see the contents of each.
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Now you’re ready to start the analysis process. The general approach for this analysis was presented in the flowchart in a
chapter, ‘Planning a GIS project in Areal Management’. At this point, you need to develop the specific steps for each phase of
the analysis. Detailed flowcharts for each section are presented at the beginning of the appropriate section in this chapter.
You'll implement the analysis using ArcMap. Combining the river buffer and lowland layer and combining the park and
residential buffers with the flood zone layer will reduce the number of selections you'll have to do to find the parcels that meet

the criteria. It’s easier to do the selections all at one time, so you’ll first create the two layers that delineate the acceptable and
unacceptable

areas, then do all three selection steps.
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Delineating the area the plant site should be within

In this phase of the analysis you'll buffer and combine
features to delineate the areas the wastewater treatment
plant should be within—areas within 1.000 meters of the
river and lowland areas. You'll create a 1.000-meter buffer
around the river, then combine the buffer with the lowland
layer. Here are the steps:

* Create a 1.000-meter buffer around the river.

*  Overlay the river buffer and the lowland layer.

Here’s a flowchart of the process using the laver names:

Buffering the river

You 1l use the Buffer tool in ArcToolbox to buffer
river03exp to 1.000 m to create riverO4buf. The Buffer tool
is one of many geoprocessing tools contained in
ArcToolbox. Any of the geoprocessing tools can be mn
from ArcToolbox. from the comumand line, through the
ModelBuilder™!, or with a Script. These options will be
described in more detail thronghout this section. If yvou
wiould like more information on geoprocessing methods
after working throngh this mitorial. see Geoprocessing in
ArcGIS.

1. Uncheck the parceldlmrg layer since you won't need to
display it until later.
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2

In the Catalog tree. click river03exp in the WaterProject
geodatabase and drag it onto the map in ArcMap.

=g Siale_share

fowEH elevalion

Bl | merl=ndl

: Ll stote clot

=B WaterProject

i E parks_palygan
- |

E # citv_logo
i) wastewater data,
L) wester project

Cliclk the Full Extent button on the Tools toolbar to see
the river.
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4. Click the Show/Hide ArcToolbox button on the toolbar.

&P O N

5. Double-click Analysis Tools in the ArcToolbox tree,
double-click Proximity, then double-click the Buffer tool.

X

| £ ArcToolbox
Elg Analysis Tools
&y Extract
| B8 Overlay
| =& Proximity

A Near
A Point Distance
-8 Statistics

£} Conversion Tools
[+ Coverage Tools
‘ Daka Management Tools
(1§ Geocoding Tools
‘ Linear Referencing Tools
E1- 85 Spatial Anahyst Tools

The Buffer dialog box appears.

. Click the Input Features browse button, navigate to and
double-click WaterProject.mdb in the project folder, click
riverO3exp, and click Add.

7. In the Output Feature class box type the path to the
Amnalysis folder, and type “riverO4buf.shp™ as the layer
name.
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For the rest of the analysis, the output layers you create
will be shapefiles in the Analysis folder.

bapmt Foaturan Ll
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0] St Lo —
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8. Type *1000” in the Linear unit field and click the
dropdown menu to change from Unknown units to
Meters to create a buffer of 1,000 meters around the
river.

9. Click the dropdown arrow for Dissolve Type and choose
ALL; the river 1s actually composed of five line
segments, each of which will be buffered, so dissolving
the barriers will create a single buffer around the river.
Leave the default settings for Side Type and End Type.

10. Click OK.

The Buffer window appears automatically, and the
buffer is created.

11. Close the Buffer window.
The riverO4buf layer appears on your map.



12. Drag the river03exp layer above the riverO4buf layer in 1. Add the lowland shapefile to the map by dragging it from

the table of contents to display it on top. the State share folder in the Catalog tree.
= = l&@ State_share
= £F Layers ] L@ E4 slevation
B B riverDdouf W Y =il
i state_
— =] n WaterProject
] -8 parks_polygon

=l riverlGexp = fivern3exp

8 O parcellimrg ArcMap warns you that the lowland shapefile 1s in a

(| different coordinate system than the other data on the
map. That’s okay—since you’ve defined the coordinate
— system for lowland (in Chapter 6, ‘Preparing data for
analysis™), it will overlay correctly with the other data.
Click OK to close the Warning message box.

Overlaying the river buffer and the lowland area

Next you’ll use the Intersect tool to combine the lowland
layer and the river buffer to create low river, which
delineates the area the plant site needs to be within.
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2. Double-click the Intersect tool under Overlay in the 5. Click the JoinAttributes dropdown arrow and click ALL.
Analysis Tools. 6. Leave the remaining fields as default and click OK.

7. When the intersect is complete, close the Intersect

|5 ArcToolbox
=1 Analysis Tools window. Drag low river from the Analysis folder to the
:;: EO’:::; top of the map’s table of contents.
& Erase The new layer is displayed. It contains only the area
& 1dectry covered by both the river buffer and the lowland layer.
A Intersect y y
& symmetrical Differenc You can see the lowland and river buffer layers
; g Urion underneath and that the new layer, low river, represents
- the intersection of the two.

The Intersect dialog box opens. —

3. Click the Browse button on the Input Features box,
navigate to lowland, and click Add. Do the same for

river04buf.shp.

T - | ,.'
Input Faatures
ﬂ {
Festuer | Aa. | il
[P p— -
D \gacinci\Stutn_shamosland che il
kil
3

Dutpar Festuracless
[0 et Ansiysions_few.thp

Juin#tinbubes (optional) -
e — E
C—— 8. Uncheck low river, river03exp, lowland, and river(04buf

since you don’t need to display them for the next step.
i ] comw | ctonmmns. | _stwwniwss | Keep them on the map, though, since you may want to
use them later to verify the results of your analysis.

&%

4. In the Output Featureclass box, ensure the path to the
Analysis folder is displaved and type “low_river™ as the
layer name. If the path to the Analysis folder is not
displayed, type it in or use the Browse button to navigate
to it, then type the name of the new layer.

9. Click File and click Save to save your map.
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Delineating the areas the plant site should be outside of

Now you’ll find the areas the plant should be outside of—
areas within 150 meters of parks and residential parcels and
within the flood zone. You’ll create a 150-meter buffer
around parks, then select the residential parcels from the
parcel layer and create a 150-meter buffer around them.
You’ll then combine the two buffer layers and combine the
result with the flood zone layer. The resulting layer will
delineate the areas the plant site should not be within.

Here’s a flowchart of the process:

BurFER.
150

SDELECT

RESIDENTIAL

PARCELS

Here are the steps:

Buffer the parks to 150 meters.

Select the residential parcels.

Buffer the residential parcels to 150 meters.
Overlay the parks and residential buffers.

Overlay the combined park and residential buffer layer
with the flood zone layer.

BurrER
150

=
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Buffering the parks 4. The Command Line window appears in the ArcMap
document. Click and drag the bar at the top of the

Command Line window to the bottom of the document
1. Check parks polygon in the table of contents to display so it’s displayed horizontally.

the parks.
The parks are labeled with their names.

2. Right-click parks polygon and click Label Features,
which is currently checked on, to turn off the labels.

First you’ll create a 150-meter buffer around parks.

5. Click in the top of the Command Line window and type
“Buffer”. Buffer is highlighted. Since this is what you
want, press the spacebar. The command line usage for
Buffer appears.

6. Begin typing “parks_polygon™ and it will be
automatically selected from the dropdown list. Press the
spacebar, and parks polygon will be added to the
command line.

You will usc the Command Linc to buffer the parks in You must next specify the out_feature class, the name,
this section. and directory of the new file you are creating.

3. Click th-e ShOW/Hi‘_’e Command Line .butto-n on th.e 7. Type “c:\project\Analysis\park02buf”’ and press the
toolbar in ArcMap if the Command Line window isn’t spacebar. If your project folder is on a drive other than
already open. C, type the drive where your project is located.

8. Type “150” for the buffer distance and press the

spacebar.
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9. Specify FULL for line_side, ROUND for line_end_type, Selecting the residential parcels

anl ALL Tokdissalye option; pressing thespagebar to Previously, you created buffers for a layer with a single
mpye bebyeen cacty comuman. feature (the river) and a layer with many features (parks).
This time you’ll buffer selected features in a layer—only
the residential parcels from the parcel0 I mrg layer. You
need to know the land use code for residential parcels so
you can select them. You can get the code from the
metadata.

You don’t need to specify the dissolve field at this time. 1. FiAssCataleg, SHek phisel Labtha Tty shar\laid
10. Press Enter to run the command. folder and click the Metadata tab.
The park buffers are automatically added to the map 2. Click the Stylesheet dropdown arrow and click FGDC
document. FAQ.
11. Close the Command Line window. o

12. Drag the parks polygon layer above the park02buf

layer in the table of contents to display it. (ERDETRIT

@
g ©
cpd O -
- (@‘“"\’ The format of the metadata changes.
¢ «@
B
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The metadata that vou see displayed in Catalog is controlled
by the stylesheet that you use to display it. The stylesheets
are similar to database queries—they basically define what
information is pulled out of the metadata and how it can be
formatted.

ArcGIS provides several predefined stylesheets—the
default 1s the ESRI stylesheet, which you used earlier. You
can also create vour own stylesheets.

The FGDC FAQ stylesheet was developed by the Federal
Geographic Data Committee to present the metadata in the
form of a set of frequently asked questions. This format lets
yvou see the values for each attribute in a layer (as long as

they’ve been defined in the metadata).
3. Click *7. How does the data set describe geographic

features?’” 1in the first scction.

Contents | Preview Metade |

parcel 1
Frequently-asked questions:

» What does this data set describe?

Howw should thizs data set be cited?

What geographic area does the data set cover?
What does it look like?

Does the data set describe conditions during a
particular time period?

What is the general form of this data set?

. How does the data sel represent geographic
feanwes?

7. How does the data set describe geographi
features? i 1
+ Who produced the data set?
1. Who are the originators of the data set?
2. Who also contributed to the data =ei?
3. To whom should users address questions about the
data?
+ Why was the data set created?
» How was the data set created?
1. Where did the data come from?
2. What changes have Peen made?

ol ol L o

oA

ol
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The value definitions for the land use attribute are listed
(vou may need to scroll down to see them). You can see
that residential parcels have a value of 510. Note also
that vacant parcels have values of 713, 723, and 732.
You'll use these values later in the analysis.

Contents | Preview Matadat |

o Feature geometry. (Source: ESRI )

Crordinates defining the features.

ARER

PERIMETER

PRECEL_1_

PARCEL 1 I

AFH

LANDUSE
Value Definition
14 .Insr_inniomnl = Education
15 Institutional - Health J
119 | Industrial
310 | Commercial
510 Fesidential
713 |Vacant - Undeveloped
723 Vacant - Cleared
732 WVacant - Structures

o

A |

Before selecting the residential parcels, zoom in to the
parcel layer.



4. Right-click parcel0lmrg in the ArcMap table of contents 6. In the Select By Attributes dialog box, click the
and click Zoom To Layer. then check the layer to display dropdown arrow next to the Layer box and click
the parcels. Parcel0lmrg as the layer to select from.

The default method is to Create a new selection, which 1s
what you want.

= Fl
[
B O sireets

You’ll use the query builder to create a simple query
eXpression.

7. Double-click LANDUSE in the Fields list.
8. Click the equals sign (=) button.

9. Click Get Unique Values and double-click 510 (the code
for residential) in the Unique Values list.

B E parks_pobyg
=

You can also see the buffer around the historic park.

o, =ele By Erephics
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You can see the query expression you ve built in the text
box. It should look like this:

[LANDUSE] = 510

10. Chek Apply. The residential parcels are highlighted with
a blue line. Close the Select By Attributes dialog box.

i
HED

L

=

Ha
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Now you’ll he ahle to ereate hnffers around the parcels to
keep the plant from being sited too close to a residence.

Buffering the selected parcels

To complete the buffer of the selected parcels and overlay
of the park and residential buffers, you will create a
graphical model in ModelBuilder, another option for
geoprocessing in ArcGIS.

Models automate the process of performing a sequence of
geoprocessing tasks on your data. You can run a model
over and over with a single click, so you can quickly change
parameter values to experiment with different outcomes.
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You can also export a model you have created to a seript,
enabling you to easily create new scripts that you can then
modify.

Although models can be built with several operations, then
run at the end, you will create the model in several steps.
running each process individually, enabling you to examine
the results of each processing step.

1. Make sure the ArcToolbox window is open in your map

document. If not, chick the Show /Hide ArcToolbox
button on the toolbar.

& ® 02

2. Raght-click the ArcToolbox folder and click New
Toolbox.

e

+ @
= 3 &dd Toolbax. ..

= e

?I=E EN¥Ironments. ..

G Y SaveSattings...

Load Settings...

& L
# 2

3. Right-click the new toolbox that 15 added and click
Rename. Type “My Tools™ as the new toolbox name and
press Enter.



4. Right-click My Tools, point to New, and click Model.

x|

|2§ ArcTookbo
=] Anahssis Tools
E- Conversion Tools
3] § Coverage Tooks
= -‘ Fiata Managamant Tonds
(=l Geocoding Tools
FI-E Linear Referencing Tools
P Tzl
= @ 5D Comy
B pacte
¥ Remove

pov >
Help
Edit Documentation...

A new ModelBuilder window opens, allowing you o
start building your model.

+ -l =] EX
[T Tre———

o 8] &|%we| +| 5o Gl v e

N
[l
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The toolbar gives you quick access to much of the
available ﬁ.llli.:[i.ulliﬂ.]i.t}" i the ModelBuillder mmenus and

maore.

There are multiple ways to add data and tools to a
model. Chick the Add Data or Tools button and add data,
or drag input data from the ArcCatalog tree or lavers
from the table of contents of any ArcGIS Desktop
application having a display. Alternatively, supply the

input data parameter values inside the tool’s dialog box.

. Chek and drag parcelllmrg from the table of contents

and drop 1n the ModelBulder window. Parcel0lmrg 15
automatically displayed as a blue oval, indicating that it 1s
an input variable. Drag the oval to the left side of the
window.

. Double-click Analysis Tools in ArcToolbox, double-click

Proximity, and drag and drop the Buffer tool in the
ModelBulder window.

Model Eck View Window Feb
=1 T 2 H o] Y e VI LY P LY
. 45' Chutput

L Burffer Featurecla
« ]

When you add the Buffer tool, it automatically creates a
dernved data element—in this case the Output
Featureclass. Both the tool and denved data elements

stay white, indicating that the tool is in a not-ready-to-
run state until 1t 15 connected to input data.



7. Chick the Add Connection button on the Model toolbar.

Model EdE Wew Wndow Hep

o & % |m@ +| 810k @leal= 2 fE »)

8. Click and drag a line from parcelOlmrg to the Buffer
tool. All model elements should now be shown 1n color.
The input element 1s displayed in a blue oval, the tool 1s
displayed in a yellow rectangle, and the output element 1s
displayed in a green oval.

9. Double-chick the Buffer tool in the model. The Buffer
tool dialog box appears. |'he Input Features dialog box 1s
already filled in for you.

10. In the Output Featureclass text box, type or browse to
the path to the Analysis folder and type “resO1buf.shp™
as the layer name.

I1. Type *1507 in the Linear unit field and chck the units
dropdown menu to change from Unknown to Meters.

12. Click the dropdown arrow for Dissolve Type and click
ALL, then chick Ok

Ep-m-t-r-u = =

prommens

Dewtaren [vae v Fabd]

15w wel

I TR OO0 | [t =

= e

1 (=]

frd Tape -

s L) L

Eﬁuﬂu‘ﬂn—:‘

DERECTD =
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Clasia =1
| I ™ [ |y |
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13. Chick the Model dropdown menu on the toolbar and click

i

Irgcat L
Clm

The Buffer tool will flash red while processing. The
Buffer tool and res01buf.shp output element now have
drop shadows, indicating that the process has run and
the derived data has been generated.

Vaw Wrdow Help

9l & xjmie) miolzslzs @loislal el >

SHS

. 2

The geoprocessing window will appear automatically in
ArcMap and display a log of the processes that have
been run. Close it when it’s finished.

=
I Caree ‘I‘I
= 11) Emecuting [Buffes) Bulfer parce
Stail Tima: Man Oct 27 09

L) Diszokirg...
() Execuled |Buffer] suscess
Frd Timer Mnn Dk 27 0%




14. Right-click the resO1buf.shp data element and click Add
To Display.

Sl )
The selected parcels and their buffers are displayed.

TS
T
F=T ==\ e AT

Now that you have built the first part of your model, 1t 1s
a good idea to rename it to reflect its contents. It is also
good practice to save the model as you are building it.
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15. Click the Model menu and click Model Properties.

The Model Properties dialog box opens.

16. Click the General tab and type “Site_Analysis™ in the
Name text box and “Site Analysis” in the Label text box,
then click OK.




17. Chick the Model menu and chck Save.

Site Analysis 1s now saved as the name of the model in
My Tools and as the label for the ModelBuilder window.

Overlaying the park and residential buffers | x
. . . £ AvcToolbax
MNow you’ll combine the park and residential buffers to =& Analysis Tools
delineate the areas within 150 meters of a park or i El'g Exdtract
residence. To do this, you will add to your existing Site | B é:ﬁlw
. . . - Erase
Amnalysis model using the Union tool. G Tdenkity
. ﬁ" Intersact
1. Click and drag park02buf from the table of contents to @ Symenetrical Differers
the ModelBuilder window and place directly below the _ P
res01buf data element. Expand your ModelBuilder i @' Undate
. I Prozdmity
window as necessary. =188 Staistics

Podel St Seew WSdew  Hein

2. Double-click the Overlay Tools under the Analysis
Toolbox. Click and drag the Union tool from the Toolbox

to the ModelBumlder window.

=0T T s I B T Y ] QY P Y

- A}

3. Chick the Add Connection button on the toolbar to draw a
connection from park02buf to the Union tool and from

res0]1buf to the Umon tool.

Sl
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4. Double-click the Union tool. The Union dialog box
appears; the features have already been filled in for you.

Iniput Features

[ = =
&% secl] bl shp l - I :I
o EI
[
£
Deutput Fasturaclass

[T \proimc i\ Analysishees park_bul shp
JganAttributes {optsansl)
L
Cluster Tolarance (optanal)
Linknowr =

0

Lel

[ o ] caes | apoy | ShowHeiss |

5. Ensure the path to your Analysis folder 1s specified for
the Output Featureclass and specify “respark buf” as

the output layer name.
6. Click OK.

Another way to run a model process 1s to click the Run

button on the ModelBulder toolbar.
7. Chick the Run button on the toolbar.

o 38| &|=(m| | 2o @lsel= k(o]

Motice that the model will only run processes that have
not yet been run. When completed, close the Site

Amnalysis dialog box.

101

8. Right-click the respark buf.shp data element, then click
Add Te Dasplay.

CLREET 1 ) o

9. Sawve your model.

You have now buffered the selected residential parcels and
overlaid those parcels with the buffered parks using the
Union tool. Next yvou will overlay the result of the buffered
parcel and park union with the flood zone to delineate all the
areas the wastewater treatment plant should be outside of.

Overlaying the residential/park buffers and flood
Zone

1. Click and drag the flood zone layer, located in the
City layers folder, from the Catalog tree onto the map.

2. Click and drag the flood zone layer from the table of
contents to your Site Analysis model and place 1t directly



below the respark buf data element, expanding your 4.
ModelBuilder window as necessary.

s
Sl

You'll use the Union tool again since you want to create a
layer of areas inside either the residential and park buffers,
the flood zone, or both.

3. Click and drag the Union tool from ArcToolbox to your
model. The new tool will be called Umion2 since there 1s
already a Union tool in the model.

—-
Bl sl e e b

@S
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Click the Add Connection tool and draw a connection
from respark buf and flood zone to the Union2 tool.

e LR g i e

Bl S xiwiw) o) gz Gloisie] bl v

B

Double-click the Union2 tool. The Umion dialog box
appears; the features have been filled in for you.
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7.
.
9.
10. Click the Model menu and click Save.

. Ensure the path to the Analysis folder 1s displayed and

type “respark flood™ as the output layer name.
Click OK.

Click the Run button on the toolbar.

Close the Site Analysis dialog box.



11. Raght-chick the respark flood element in the model and
click Add To Display.

12. Turn off all the layers except respark flood by
unchecking them in the map’s table of contents.

i N

,,J

e

&~ ﬁ

@30

So far you’ve performed a series of buffers and overlays to
create the two layers delineating the acceptable and
unacceptable areas for the wastewater treatment plant site
based on the city’s criteria. You can see that even a fairly
simple GIS analysis consists of stringing together a set of
individual operations, often with the same operation
repeated on different datasets. The operations build on the
previous ones to achieve a resulting layer or lavers. In the
process, Interim layers are created. You’ll want to keep
some of these layers to help verify the final results of your

-
=,

analysis. Others you can remove from the map.

13. Chick respark buf in the table of contents to select 1t,
press the Ctrl key, and chick resO1buf and park(2buf so
all three layers are selected.

14. Right-click one of the selected layers and click Remove.

=

1
= & flood_zone

EE"OS.']‘_'{'

B O low rver | =t Group
1 <& Zoom To Leyer

Before continuing, save your map.

15. Click File and click Save.

In many mstances, the geoprocessing work that must be
done 1s repetitive. Scripts are an efficient and effective way
to automate your geoprocessing tasks.

If you are new to scripting languages, you do not need to be
an expert programmer to create and use scripts. You can
build a model 1n a ModelBuilder window and export the
model to a seript that you can then run or modify.

The following section will guide you through the steps to
create a script from the Site Analysis model you have just
created.
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Generating a script from a model 3. Right-click My Tools, point to Add, then click Script.

1. Click the Model dropdown menu, point to Export, point to
To Scnpt, then select your preferred scripting
language—for example, Python.

= R My To
!#5

... The Add Script dialog box appears.

4. Type “Site_Analysis™ in the name box and “Site
Analysis” in the label box, then click Next.

The Save As dialog box appears.

2. Click the Save in dropdown arrow and navigate to your
analysis folder, then type “site_analysis™ as the name for
the script and click Save.

Now you will add the seript you have just experted to
your My Tools toolbox.
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5. Click the Browse button to select a Script File.

6. Navigate to your Analysis folder. clhick site_analysisipy,
and click Open.

resil b pr
redibd st
resli) s, whoc
respad bt god
rwigark g
rempark_buf sho
resped bt i
respark_flood tF
respiek_fMoed 20y

resparh_Rood.she
remarh_flood. o
treritaf . dbF
treet O v |

7. Click Next, then click Finish. The script is now added to
your My Tools toolbox.

8. Right-click the Site_Analysis script and click Edit.
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This opens the Python script in the PythonWin
application so you can view or modify the contents of
the script.
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9. Close the Site_Analysis script and PythonWin
application.
10. Your Site Analysis model is now complete, and you have

successfully exported it to a script, so save your model
and close it.



In the next two sections, vou'll use the interim layers
(low river and respark flood) in a series of selections to
eliminate the unsuitable parcels, creating a final layer of
suitable parcels. Here's the flowchart for this process:

1
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Finding the parcels that meet the location criteria

At this point you have two layers to use to select parcels
meeting the criteria for the wastewater treatment plant site.
First you’ll select parcels falling outside the respark flood
polygons, then you’ll select the subset of these that fall
inside the low river polygon.

Selecting the parcels outside the residential/park
buffer and flood zone areas

You’ll use Select By Location to select parcels that
intersect the respark flood layer. The selected parcels will
lie fully or partially within the flood zone or within a
residential or park buffer. You’ll then switch the selected set
to select the parcels that lie outside those areas. The
selected parcels will be outside the flood zone and more
than 150 meters from a park or residence.

1. Click the check box next to the parcel0lmrg layer to
display it.

—

T
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You can see that some parcels fall within the
respark flood area.

2. Click Selection and click Select By Location.

Main Menu

File Edit View Insert |Selection Tools Window Help

"] Select By Location..
By SeolectBy Graphics

By Select By Attibutes. . ‘



The Select By Location dialog box appears. This dialog
box lets you compose a wide variety of queries to select
features in one layer based on their location relative to
features in another layer. In the top box you specify the
type of selection. The default is to create a new selected
set (select features from), which is what you want. In
the next box you choose the layer to select from.

3. Scroll down and click the check box next to
parcelOlmrg.

Next, you will specify the relationship between the layers.

The default is intersect—features that fall fully or partially

within the features of the selection layer will be selected.

This is the option you want, so accept the default. Finally,
you specify the selection layer.

4. Click the dropdown arrow and click respark flood.

=
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5. Click Apply at the bottom of the dialog box, then click

Close to close the Select By Location dialog box.
ArcMap selects the parcels that are completely or
partially within the respark flood polygons and highlights
them on the map.

“

You actually want the parcels that are outside the
respark flood polygons, not inside, so you’ll switch the
selected set of parcels.

6. Right-click parcel01mrg in the table of contents, point to

Selection, and click Switch Selection.




Now the parcels outside the flood zone and more than 5. Click the dropdown arrow to choose a relationship type
150 meters from a park or residence are selected. and click ‘have their center in’.

That will select the parcels that have at least half their
area within the low_river polygon.

6. Click the dropdown arrow, scroll down, and click
low_river as the selection layer.

Selecting those parcels within the combined river
buffer and lowland area

The next step is to select from the currently selected
parcels those that are within the lowland area and within
1,000 meters of the river. You’ll use Select By Location
again, this time to select from the currently selected set of
parcels.

1. Click the check box next to the low_river layer to
display it.
2. Click Selection and elick Select By Location.

3. Click the dropdown arrow for the top box and click the
‘select from the currently selected features in” option.

4. Check the box to select features from parcelOlmrg, if
it’s not already checked.

7. Click Apply and click Close to close the Select By
Location dialog box.
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ArcMap selects those parcels that are mostly within the
low river polygon. You can see that the selected parcels
are outside the respark flood area and inside the

low river area.

So far you’ve narrowed down the set of possibly suitable
parcels from all the parcels in the study area to those
outside the flood zone and more than 150 meters from a
park or residence. You then narrowed the set further to
those parcels with at least half their area inside the lowland
area (elevation 365 meters or less) and within 1,000 meters
of the river. The next step is to find the vacant parcels from
among these.
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Finding the vacant parcels

To find which parcels meet all the city’s requirements as a 5. Click the greater than or equal to (>=) sign and type
location for the wastewater treatment plant, you'll select 7007

the vacant parcels from among the currently selected ones. 6. Click And.

Selecting vacant parcels using the land use code 7. Double-click LANDUSE in the Fields list.

In the last two selections, you selected parcels based on 8. Click the less than or equal to (<=) sign and type “799".

their location. This time, you'll select based on an attribute,
specifically, the parcel land use code. As you recall from

Select By Attributes

the metadata in the assessor’s database, vacant land is

Layer. .P-.Il 2|0 mrg

coded 'v\.-’lth values in the 700s. You'll create a query I Oy show selectable leyers in iz st
expression to select the parcels that have a land use code Method  [Setoct from cveret sclection r|
greater than or Bqual to 700 and less than or qul:-]l to 799. Fiekds: TR e
: . . . [DBJECTID] = | <> | vLike
1. Click Selection and click Select By Attributes, [AREA] | | | 14
[FERIMETER] > | s=] ana] |15
[PARCEL 2] 119
—— [PARCEL_2 1] < | cm | Or | 310
kain Menu [&FN] 510
Eile Edit View Inser Selection Tools Window Help Eﬁgﬁfﬁ;dh] 7l 0 I Noll ni =]
Iz

4l J =l Get W egue Y alies I

SELECT * FROM parcell mig WHERE:
[ILAMDUSE] > =700 AMD [LAMDUSE] <=729

B Salect By Location..
B SolectBy Graphics

Select By Afributes ‘ [SHAPE_Area] | Gote |

The Select By Attributes dialog box appears.

2. Click the Layer dropdown arrow and click parcel( Imrg.

3. Chick the Method drnpdnwn arrow and chick Select from

current selection.
Clese |  wveity | Help load. | Save. |

Now vou’ll create the query expression.
4. Double-click “LANDUSE™ in the Fields list.

appy | cese |

Your query expression should look like this:
[LANDUSE] >— 700 AND [LANDUSE] <— 799
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9.

Click Apply.

ArcMap selects the parcels that have land use codes in
the 700s (the vacant parcels) and highlights them.

10. Close the Select By Attributes dialog box.

The selected set of parcels contains only the ones that meet
the city’s required criteria:

Outside the flood zone

At least 150 meters from parks and residences
Elevation of 365 meters or less

Within 1,000 meters of the river

Vacant

Exporting the selected parcels to a new shapefile

To make it easier to work with only the suitable parcels,
you’ll export the selected parcels to a new shapefile.

1. Right-click parcel01mrg in the table of contents, point to
Data, and click Export Data.

O

=0 strests

= @ parks_polyge <
jam |
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The Export Data dialog box appears. Since there are The new layer contains only the suitable parcels.
features currently selected in the parcelOlmrg layer, the
dialog box defaults to Selected features.

2. Make sure the path to the Analysis folder is displayed in
the output feature class box.

The dialog box defaults the name of the new shapefile to
be Export_Output.shp.

3. Highlight the text and type “parcel02sel™ to rename the
feature class. 1 |

i Export Data 4 B3

Selected features

9 ine sam ' orgin 8 as this 18y

,T‘ 5. Click Selection and <‘:lick Clear Selected Features to
: 3 deselect the parcels in the parcel0lmrg layer.

4. Click OK and click Yes when prompted to add the
exported data to the map.

6. Click File and click Save.
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Finding suitable parcels near roads and near the wastewater junction

To continue with the decision-making process of the
location of the wastewater treatment plant, the city council
wants to know which suitable parcels are within 50 meters
of a road and within 500 and 1,000 meters of the main
wastewater junction. These will be considered the highly
suitable parcels.

You’ll select the parcels near these features and tag them
with a code. That way you can display them color coded on
your final map.

Here are the steps you’ll perform:

1. Add two fields to the parcelD2sel attribute table to hold
the distance values: ROAD DIST and JUNC DIST.

2. Assign distance from roads.
* Select the parcels within 50 meters of a road.

= Assign a value, “507, to the ROAD DIST field for
the selected parcels in the parcel(2sel attribute table.
3. Assign distance from the wastewater junction.

* Buffer the junction to 500 and 1.000 meters.

= Select the 1.000-meter buffer and use it to select the
parcels within 1,000 meters of the Junction.

= Assign a value of 1,000 to the JUNC DIST field
for the selected parcels 1n the parcel02sel attnibute
table.

= Select the 500-meter buffer and use 1t to select the
parcels that fall within 500 meters of the junction.

* Assign a value of 500 to the JUNC _DIST field for
the selected parcels.
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Here’s the flowchart of the process:
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Adding fields to the parcels layer

Before you find the parcels near roads and the wastewater
Junction, you’ll add two fields to the parcel)2sel attribute
table to contain the distance values you'll assign.

1. Right-click parcel02sel and click Open Attribute Table.

=l respark_floc

|
B & fload_zone
B

B B low_nver

2. Click the Options button on the table and click Add Field.
The Add Field dialog box appears.

El
40633 97 481
4 [

115

3. Type “ROAD_DIST” as the field name.
You can accept the default type of short integer.

]

Short Intager

Frecision o |

The short integer type stores values up to 32,768, which
is sufficient for the ROAD DIST field—the values in
this field will be either 50 or 0.

4. Click OK.

Now add the JUNC DIST field in the same way.

5. Click Options and click Add Field.

6. Type “JUNC_DIST"™ as the field name and click OK.

7. Scroll all the way to the right of the Attributes dialog box
to see the new fields.



Currently, the two columns have no values in them or
contain zeros, since you just added the fields. In the next
few steps vou'll select the parcels near roads and the
wastewater junction and enter values for the selected
parcels.

APN LANDUSE | ROAD DIST | JUNC DIST |
029204402 732 0 0
029204408 732 0 0
029204407 732 o 0
029204406 732 0 0
029204409 732 0 0
029204410 732 0 0
029204411 732 0 0
APQaNAATS el ] f

8. Close the attribute table for now by clicking the Close
button.

Finding parcels within 50 meters of a road

The city would prefer that the parcel for the new plant be
within 50 meters of an existing road. You’ll use the streets
layer to select the parcels within 50 meters of a road and

assign a value of 50 to the ROAD DIST field.

1. Before continuing, uncheck the check boxes for all
layers except parcel02sel in the table of contents so that
only the suitable parcels are displayed.

2. Check the streets layer to display 1t

3. Chick the Selection menu and click Select By Location.

You've seen this dialog box before. This time, you'll
select features on one layer (parcels) within a distance
of features on another layer (streets).

_\_)__b_“ll

A

~ |

4. Chick the ‘I want to” dropdown menu and click *select
features from”.

5. Check the check box for parcel02sel.

6. Click the dropdown arrows for the next two text boxes
and click ‘are within a distance of” and “streets”.

The option to Apply a buffer to the features in streets is
automatically checked.
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7. Type “50” in the text box and click the dropdown arrow
and select Meters to select parcels using a buffer of
50 meters.

salact feshres from

o parcal 2 ed

[raspark_flood
[ Hload_zone

ape wotbery & digtance of

8. Click Apply.
The parcels within 50 meters of streets are selected.
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Using a buffer when selecting features is an easy way of
finding features within a certain distance of other features.
This method 1s quicker than using the Buffer tool—as you
did with rivers, parks, and residential parcels—when you
don’t need to create a separate buffer layer to combine
with other layers.

9. Click Close to close the Select By Location dialog box.

MNow you can assign a value to the ROAD DIST field for
the selected parcels to tag them as being within 50 meters
of a road.

Assigning a value to the ROAD_DIST field

To assign or update values in a layer’s attribute table, you
need to open the layer for editing. You can edit the
attributes either by using the Attributes button on the Editor
toolbar, as you did for the historic park, or by editing directly
in the attribute table, as vou’ll do here. To assign values in
the attribute table, you create a calculation expression. The
values are assigned to the selected parcels or to all the
parcels if none are selected.



L.

On the Editor toolbar, click the Editor dropdown arrow
and click Start Editing; click the Editor Toolbar button, 1f
necessary, to open the toolbar.

Click the Analysis folder as the folder to edit data from
and click OK. Chick Start Editing to close the message
stating that you are starting to edit in a different
coordinate system.

Start Editing
‘Which folder or database do you want o adit data from?

C '-,En:u ect\WalerProject mdb

Al | |
These layars and tables will be available for editing:
parcellZsel = |
owe_rioer
reverl4bouf
parcelllmrg

I-]

. Chick the Target dropdown arrow and click parcel02sel

as the layer to edit.

Target: [parceliZsel =] |f @ | |

Right-click parcel(2sel in the table of contents and click
Open Attribute Table.

The selected parcels—those within 50 meters of a

road—are highlighted.

1HM] G 5 -
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5. Scroll to the rnight in the Attributes window, right-click the
ROAD DIST field—the mouse poimnter changes to a
down arrow when 1t’s over the field name—and chick
Calculate Values.

LANDUSE I BDED DIE[ !.L TR ) nll‘l'I‘l | 7 | |
232 ] = SorAscending

732 1] F SortDescending
732 0 Z Summarize...

732 0

73z | ﬂ Lalculate ¥

732 0 Statistics...

£ 1 Freeze/Unfreeze Col
732 ] reeze/Unfreeze Column
732 1] [Be(ete)Feld

732 0 : 1

The Field Calculator dialog box appears. Since you
clicked the ROAD DIST field, ArcMap starts the
calculation expression for you by displaying

ROAD DIST =.
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6. Click in the expression box and type “50™ to complete
the expression.

Field Calculstor

Fialds

AFH

ABEA,

FID

FID_1
JURC_DIST
LAMDLISE
PARCEL_1_
FARCEL_1_I

PR IETER

BOAD_DIST =

G—‘:'J

Typa

& Mumber
 Shing
" Data

le b ]

-
A

i

. Click OK.
ArcMap assigns a value of 50 to the ROAD DIST field

for the selected parcels—the ones within 50 meters of a
road. All other parcels have a value of 0 for

ROAD DIST. You'll use these values along with the
JUNC DIST values to color code the highly suitable
parcels on your final map.

APN LANDUSE | ROAD DIST | JUNC DIST
029204402 732 0 0
029204408 |732 |50 0
023204407 732 o 0
029204406 732 i 0
029204409 732 50 a
029204410 732 50 0
029204411 732 50 0
029204912 732 50 1]
029204118 732 50 1]
029204119 732 50 0

119

8. Click the Editor dropdown arrow on the Editor toolbar
and click Stop Editing. Click Yes when prompted to save
your edits.

StartEditng

Save Edits

When you save your edits, ArcMap clears the selected set
of features, so you’ll be able to start with the full set of
suitable parcels to find the ones near the wastewater

Junction in the next step.

Keep the parcel(2sel attribute table open since you’ll need
it in the next step, but you may want to move, resize, or
minimize it 0 you can see the map.

Measuring and assigning the wastewater junction
distance

The city would prefer that the plant site be within

1,000 meters of the point where the plant will connect to the
existing wastewater system. The council 1s willing to accept
parcels that extend beyond the 1,000-meter buffer as long
as most of the parcel 1s within the buffer. Parcels within
500 meters are even more desirable.

You need to find the parcels within 500 meters and

1000 meters of the main wastewater junction and tag them
with the distance. For this task you’ll use a number of the
tools you used previously: buffer, selection, and attribute
editing. Rather than give you step-by-step instructions,
we’ve listed the major steps to give you a chance to work
through the task yourself. You can review the previous
sections 1f you need help with the specific steps.



Add the wastewater junction coverage to the map (it’s
located in the utility folder under the City share folder).
The junction coverage contains the main wastewater
junction point where the new plant will connect to the
existing system.

You will create a new model to buffer the wastewater
junction point. First, create a new toolbox named My Tools
if you haven’t done so already. Create a new model in the
My Tools toolbox.

Add the junction layer to the model. Add the Buffer tool to
the model and add a new connection from the junction layer
to the buffer. Set the Buffer parameters to buffer

500 meters. Confirm the path to your Analysis folder is set
and name the Output feature class junctionbuf500. Set
dissolve type to ALL.

Next, add another Buffer tool and add a new connection
from the junction layer to that tool. Set the Buffer2
parameters to buffer 1000 meters. Confirm the path to your
Analysis folder is sct and name the Output feature class of
Buffer2 junctionbuf1000. Again, set the dissolve type to
ALL.

Click and drag the Union tool from ArcToolbox to the
model. Add a connection from junctionbuf500 and
junctionbufl1000 to the Union tool. Confirm the path to your
Analysis folder is set and name the Union Output feature
class junction02buf.
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Run the model and add junction02buf to your map.
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Name and save your model as Junction Buffer, then close.

The buffers draw on the map but obscure the junction and
the parcels. Change the symbology of the junction02buf
layer so the buffers are drawn with no shading (use “no
color” as the fill color).



Now you can see which parcels are within 0 to 500 meters
and within 500 to 1,000 meters of the junction. Next, you’ll
select each set of parcels and tag them with the respective
distance.
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Use the Select Features tool to select the 500- to 1,000-
meter buffer by pointing at it and clicking. Then use Select
By Location to select the parcels in parcel02sel that have
their center in the selected features of junction02buf. This
will select all the parcels between 500 and 1,000 meters
from the junction. Close the Select By Location dialog box
when you’re done.

‘ Select By Location

[0 junction02but ;
[ junction pont




U_._b'ﬂl
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Use the Editor toolbar to start editing parcel02sel; ensure
parcelO2sel is the target layer. Open the attribute table for
parcel02sel—<click the Restore button if you minimized it
before—and assign the value 1000 to the JUNC_DIST field
for the selected parcels. Save your edits, but don’t stop
editing yet. You’ll notice that some of the suitable parcels
are both within 50 meters of a road and 1,000 meters of the
junction, a few are more than 50 meters from a road but
within 1,000 meters of the junction, and quite a few are not
near either; both fields have values of 0.

e ——
APN _ROAD DIST | JUNC DIST..
029204402 732 0 1000
029204408 732 50 1000
029204407 732 0 1000
029204406 732 0 0
029204409 732 50 1000
029204410 732 50 1000
029204411 732 50 0
029204412 732 50 0
023204118 732 50 0
n2a2na11q 779 Bn n

Now switch the selected features for junction02buf so the
0- to 500-meter buffer is selected, or simply use the Select
Features tool to select the inner buffer. Then select by
location to select the parcels that have their center in the
selected features of junction02buf (i.e., the 0- to 500-meter
buffer). Now you’ll have only those parcels within

500 meters of the junction.
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Assign the value 500 to the JUNC_DIST field for the

selected parcels.

_LANDUSE | ROAD DIST |
029204402 732 i 1000
029204408 732 50 1000
029204407 732 0 1000
023204406 732 0 500
029204403 732 50 1000
029204410 732 50 1000
029204411 732 50 500
029204412 732 50 500
029204118 732 50 500
n2aan411a PR En snn

Stop editing and save your edits. Then save your map.

Now you’ve assigned the distance from the wastewater
junction to those parcels within 500 and 1,000 meters. On
vour final map, vou’ll color code the parcels based on their
distance to roads and the wastewater junction so the city
council and the public can see which are the highly suitable
parcels.

Another way of selecting the parcels near the junction
would have been to use Select By Location with a buffer
distance, but by creating the junction02buf layver vou’ll be
able to display the rings on the map to make it easier for the
city council and public to visualize the distance from the
wastewater junction.
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Finding suitable parcels meeting the required total area

The final step in the analysis is to find suitable parcels that
are large enough on which to construct the wastewater
treatment plant. The minimum required area for
constructing the plant is 150,000 square meters. You'll
check the parcel02sel attribute table to see which parcels
are at least this large.

Sorting the parcels by AREA

The parcel02sel attribute table should still be displayed.
1. Scroll to the left, if necessary, to see the AREA field.
2. Right-click AREA and click Sort Descending.

18743 94634

38233.8468

4048420606 g e T —
4083456088 E Summorize..

36221.4449 fimdl Calw[mevaluﬂ’

3834026769 Stetistics...

3850458681 = —

36959.79042 Freeze/Unfraeze Column

18802 67008 s —
36864.35396 Delete Field

1467.35622 268 44957

The largest parcels are listed at the top.

AREA_ :
61280.49249 1274.63154
4147683105 837.99145
41162 43451 839.65045
14063456088 808.30515
40819 3698 832 83905
40766.12503 831.8554
40539.97483 83042319
40536 89616 630.45889

None of the suitable parcels is anywhere near

150,000 square meters in size. In fact, the largest one is
only a little more than 60,000 square meters (you may need
to scroll to the top of the table to see it). It looks like the
city is going to have to assemble the plant site from several
parcels or else relax its criteria to include more parcels as
possible sites. You'll check to see if there are several
adjacent suitable parcels that total 150,000 meters.

Checking for adjacent parcels totaling
150,000 square meters

You’ll first identify several parcels to see how large they
are, then select a group of them to see if they total
150,000 square meters in area.

1. Right-click parcelO2sel in the table of contents and click
Zoom To Layer, then uncheck junction02buf so it’s no
longer displayed. Move the attribute table to better see
the parcels, if necessary.
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2. Click the Identify Tool. 4. Click the parcel adjacent and just to the west of the
wastewater junction.
Tool=E3 |
Q Q
HEEHH [
@
- —
Sy O
Identify —-glﬂ
-
3. Click the Layers dropdown arrow in the Identify Results
dialog box and click parcel(2sel. You can see that this parcel is just under 37,000 square
meters in area.
Ermes T |
Layers: [<Top-mostiayer B Loyer [ -
<Top-most layer> . > parcei0Zasl [Locasion: (478020, 307621 3771719 918545)
junction0Zbuf o 029204412 Fiald [Welus -
junction point | FIO_! 7
Shape Poksgon
respark_flood ZEEA ::q‘,-a 79042
flood_zone FERIMETER 76300011
|ow_rivear PARCEL_1_ 0
riverldexp i;:jm'l'l :wnml
lowland LANDUSE 12 B
riverldbuf Fmye i en =
parcalllmrg
streats |
parks_polygon -
That sets parcel02sel as the layer in which to identify
features. Leave the Identify Results dialog box open.

125



5. Click the parcel to the left of the previous one.

This parcel is about 38,500 square meters. You can see that
most of the suitable parcels near the junction are about the
same size. It looks like four contiguous parcels together will
total about 150,000 square meters. Close the Identify
Results box.

6. Click the Select Features button.

7. Click and drag a box around the intersection of
four contiguous parcels.

The parcels are highlighted on the map and in the
attribute table.
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8. Right-click AREA in the table and click Statistics.

61280.49249
41476.83105
[41162.43451
|40834.56088 -

408193698 il Calculnte Values...
40766.12503 Statisfics
40539.97483 e
40538.89616
4

40451 12549

The Selection Statistics dialog box appears.
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ArcMap calculates summary statistics about the selected
parcels and presents a graph of the distribution of values.
You're not interested in the distribution of values in this
case, but the statistics are useful. You can see the number
of parcels selected (count), the size of the smallest and
largest parcels, the total area, and the mean size of the four

parcels.

[ETe

Mens
Shandmcd Do

39040 28 P90
430 14 Si080
TERTED &1 1440
19540 TR0
e

. Ml

Fregquency Distribution

38340 3

39675 2

The sum of the areas of these four parcels is slightly more
than 158,000 square meters. There is enough room for the
plant here. Further examination shows that there are a
number of combinations of adjacent suitable parcels that
will provide enough room for the plant. You can use the
Select Features tool to draw a box around different groups
of parcels, or select a parcel by clicking on it and clicking
additional parcels while pressing the Shift key to add them
to the selected set. Then recalculate the statistics to see the

total area.

9. Close the Selection Statistics dialog box and the attribute
table when you’re done selecting parcels.

10. Chick Selection and click Clear Selected Features.
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So it looks like the city will be able to piece together a site
for the plant. You decide to set up an interactive session at
the city council meeting using a big screen so you can query
different combinations of parcels on request from the
council members.



Reviewing the analysis results

Anticipating one question the city council is likely to ask, 3. Click Selection and click Select By Attributes.
you decide to see if there are any parcels in the study area 4
at least 150,000 square meters in size and, if so, why they
didn’t make the final cut.

You’ll use select by attribute to find any parcels greater
than 150,000 square meters, then display them with the
analysis layers to see which criteria they do or don’t meet.

. Click the Layer dropdown arrow and click parcel01mrg.
Use the default method (Create a new selection).

5. Double-click [AREA] in the Fields list, click the greater
than or equal to sign (>=), and type “150000” to create
the query expression.

The expression should look like this:

Finding any parcels at least 150,000 square meters [AREA] >= 150000

e 6. Click Apply, then click Close to close the dialog box.

1. Uncheck parcel02sel and streets and check parcel0lmrg
s0 you can see all the parcels in the study area.

2. Right-click parcelOlmrg in the table of contents and click
Zoom To Layer.

=

128



There are three parcels of at least 150,000 square
meters.

|
5

First check to see if the parcels are vacant.

7. Right-click parcel01mrg in the table of contents and click
Open Attribute Table.

8. Click Selected at the bottom of the table window to
show just the selected parcels.

37435753
2977.36348

756.46672
27 )

~n

53597

Two of the parcels have no land use code, but the other
has a code of 732, which is vacant (you may need to
scroll to the right to see the LANDUSE field).

- A | ."_ NLILS

029204208 (732 |

9. Click the box next to the vacant parcel to highlight it. If
necessary, minimize or move the table so you can see
the highlighted parcel on the map.

So the two parcels in the upper left of the study area were
rejected because they weren’t classified as vacant land.
You'll have to check with the City Assessor to find out the
actual land use for the parcels—it might be that they’re
vacant but were never assigned land use codes in the
database. In the meantime, though, you’ll check to see why
the third parcel was rejected.

10. Close the attribute table.
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Displaying the selected parcels with the criteria
layers

1. Check the respark_flood layer to display it.

You can see that the two parcels in the upper left are
mostly within this layer, which includes the flood zone and
buffers around parks and residential areas.

2. Check the flood_zone layer, then click and drag it above
respark_flood in the table of contents.

= & Layers
= [ juncton02but

-
= @ junction point

]
= [0 percal02sel

=
= 5 respark_flood

ot

Now it’s clear that the two parcels are outside the
residential and park buffers but are within the flood zone.
So even if these parcels are vacant, they’d be rejected for
being inside the flood zone. The third parcel, though, is
outside the flood zone and the park and residential buffers.

3. Uncheck respark_flood and flood_zone and check
low_river.

==l
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The city required that suitable parcels be completely or
mostly within this area. More than half of this parcel is
outside the area.

4. Check the lowland layer, then uncheck low_river.
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The parcel is fully within the lowland layer, so it must be the
river buffer that it’s mostly outside of; that is, most of the
parcel is more than 1,000 meters from the river.

5. Uncheck lowland and check the riverO4buf layer.

R
ey

Yes—that’s why it was rejected. Still, a portion of the
parcel is within the buffer, and the parcel is also adjacent to
the wastewater junction, a big plus. You decide to highlight
it on the final map to call it to the city’s attention as a
possible alternate site. Any additional construction costs
may be offset by the cheaper land costs involved in buying
a single parcel rather than four separate ones.

Creating a layer containing the alternate site

1. Click the Select Features tool.
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2. Click inside the alternate site, but outside the river buffer,
so it is the only parcel selected.
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ArcMap adds the layer containing the single parcel to

o the map.
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3. Right-click parcel01mrg in the table of contents, point to

Selection, and click Create Layer From Selected

Features.

4. Click the layer name (parcel01mrg selection) to select it,
then click again to highlight the name.

5. Type “alternate site” as the new layer name and press
Enter.

= & Layers
= ERatemate sie |

This is a temporary layer for this map—it is not stored as a
separate layer file. In the next chapter you’ll change its
symbology and add it to the final map.
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Cleaning up the table of contents

You won’t be using several of the analysis layers on your
final map, so you can remove them at this point.

1. Click flood zone, then press the Ctrl key and click
respark_flood, low_river, lowland, riverO4buf, and
parks_polygon so they’re all selected.

2. Right-click one of the selected layers and click Remove.
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At this point, your map should only include the following
layers:

* alternate site
* junction02buf
* junction point
* parcel02sel

e riverO3exp

* parcel0lmrg

* streets

If any other layers are still on your map, go ahead and
remove them.

3. Click File and click Save to save your map.

The analysis phase of the project is finished, at least for
now. GIS makes it easy to modify your criteria and rerun
the analysis, if necessary.

There are many questions that GIS analysis can help you
answer as well as many different approaches. This analysis
showed one approach to solving a particular problem using
several of the most common GIS analysis tools: buffer,
overlay, and selection. You'll combine these tools and others
in various ways when performing your own analyses.

In the next chapter you’ll make a map to present the results
of your analysis to the city council and the public.



Presenting the Project Results

In this Project description’s chapter students will create a poster-sized map to present the results
of the performed analysis. The poster will contain three maps. One map will show the geographic
relationship of the suitable parcels to the rest of the city. Another map will show all of the suitable
parcels. The third map will show the highly suitable parcels symbolized according to their proximity
to the main wastewater junction and to roads. Students will label these parcels with their parcel
identification numbers. Students will also create a report showing parcel identification numbers,
area, and distance from the junction for the highly suitable parcels. The map will also include
explanatory text, a North arrow, legends, scalebars, and a title.

134



Designing the map

You’ll want to give some thought to the map design before
you start laying out the map. The design should reflect how
the map will be used and who the audience for the map is.
In this case, your map will be displayed at a city council
meeting. The council members are probably familiar with
the issues involved in siting the wastewater treatment plant,
but the members of the public attending the meeting may
not be. Both groups will want to see the location of the
suitable parcels in relation to the rest of the city, They’ll
also want to see all the suitable parcels, as well as the most
likely candidates for the plant site, with additional
information about the highly suitable parcels.

You’ll first want to decide what elements will be on the map
and list them. Then decide how the elements will be
arranged on the page.

In this case, you’ll create three maps on one poster-size
page for display at the city council meeting.

I. An overview map of the city showing the location of the
study area and including the following layers:

Streets (streets.lyr)

The river (river03exp)

The elevation grid (elevation_grid.lyr)
The study area extent (graphic rectangle)

135

2. A map of the study area showing all suitable parcels and
including the following layers:

Suitable parcels in one color (parcel02sel)

Other parcels in a different color (parcelO0lmrg)

The alternative site shaded using diagonal hatching
(alternate site)

The wastewater junction (junction point)

The 500- and 1,000-meter buffers around the junction
(junction02buf)

The river (river03exp)

3. A map of the highly suitable parcels including the
following layers:

» Highly suitable parcels color coded by distance from
roads and from the wastewater junction and labeled
with their parcel numbers (parcel02sel)

All other suitable parcels in a neutral color
(parcel02sel)

The alternate site shaded using diagonal hatching and
labeled with its parcel number and area (alternate
site)



You’ll also want to include other map elements and
explanatory text to make the map easier to understand and
more attractive.

The additional map elements are as follows:

« Report listing the highly suitable parcels

= Textblock listing the site selection criteria

= Maptitle

« Scalebar for each data frame

* Legend for each data frame

« North arrow

« Citylogo

+  Map reference information

= Graphic rectangles to complete the map composition
Once you’ve decided on what the maps should show and
what other elements to include, you'll want to decide how
the elements will be arranged on the page. While it’s easy
in ArcMap to move and resize the individual maps and other
elements on the page, you may want to make a sketch on
paper to use as a guide. The sketch should show at least
the approximate position of the maps and map elements
and contain notes about the page size and map sizes. You

can reposition and resize the elements interactively as you
create the map.
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Here’s a sketch for the map you’ll create:
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Here are the major steps you’ll complete to create the map:
= Create the three data frames.

=  Modify the data frames to show the required layers and
geographic extent.

* Create and add the parcel report.
= Add the text block listing the site criteria.
* Add the legends and scalebars for each data frame.

» Add the other map and graphic elements (North arrow,
title, logo, map reference information, graphic
rectangles).



Setting up the map page

You'll be creating a poster-sized map with three data
frames, one for each map. You’ll work in both Data view
and Layout view to create the map.

If necessary, start ArcMap and open the water project.mxd
map (located in the project folder). The map should
currently have the alternate site, junction point, and
parcelO1mrg layers displayed.
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Switching to Layout view
First you’ll switch from Data view to Layout view.
1. Click View and click Layout View.

The map switches to Layout view and displays the map
page filled by a data frame containing the currently
displayed layers. The Layout toolbar also appears.
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Layout view lets you view several data frames on a single
page and interactively work with the map elements. A data
frame is a way of organizing layers together on a map page.
Currently there is only one data frame on the page,
indicated by the rectangle.

The Layout toolbar contains tools for zooming and panning
on the page itself. The tools on the Tools toolbar let you
work with the data inside the data frame, just as you do in
Data view.

Zoom in
on map
page

Zoom in on
data in data
frame

Changing the page size
You’ll set the page size to accommodate the final printed
map.

1. Right-click on the page, outside the data frame, and click
Page and Print Setup (if you right-click inside the data
frame, you open the Data Frame Properties dialog box).
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The Page and Print Setup dialog box appears. The Use
Printer Paper Settings box is checked, indicating that
ArcMap will automatically detect the printer’s page size.

The city has another printer that is capable of printing
D size (22 x 34 inch) pages, so you don’t want the page
size to be the same as the default printer.



2. Uncheck Use Printer Paper Settings.
3. Click Size and click PostScript Custom Page Size.

Click the Standard Sizes dropdown arrow and click
Custom.

5. Type “34” in the Width text box and type “22” in the
Height text box. Make sure the units for each are set to
inches.

Now the virtual page for the map will be
22 x 34 inches—D size.

You want the map poster to be wider than it is high, so
change the page orientation.

6. Click Landscape in both the Paper and Page panels, then
click OK.

ArcMap adjusts the size and orientation of the page.
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You’ll use the existing data frame to display the suitable
parcels. In the next steps you’ll resize the data frame and
make a copy of it to display the city overview map.
Resizing the data frame

First you will make this data frame smaller.
1. Click the Select Elements button.

Select
Elements
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2. Right-click near the middle of the data frame and click
Properties.
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The frame is highlighted, selection handles appear at the

corners and sides of the frame, and the Data Frame
Properties dialog box appears.

3. Click the Size and Position tab.

You can move and resize elements on the page by clicking
and dragging the whole element or one of its selection
handles, or you can set the position and size by typing the
values in page units in the Data Frame Properties dialog
box. You’'ll set the size and position of the first data frame
explicitly by typing the values.

You want the upper-left corner of the data frame to remain
where it is, but resize the data frame to be 12 by 9 inches.
4. Click the upper-left anchor point in the Position panel.

5. Inthe Size panel, type “12 in” in the Width box and
“9 in” in the Height box. Click OK.

The data frame is resized, and the layers are scaled
down to fit inside.

10
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Copying the data frame
Now you’ll make a copy of the data frame to contain the
city overview map.
1. Click Editand click Copy.
Eile [Edit View Insert Selection Tools Window Help |
& Beda itk
& Cu Clsx.

Click Edit and click Paste.

The copy of the data frame is pasted onto the map on
top of the original data frame.

. Click on the data frame and drag the copy to the right of
the original.

Both data frames display the same layers.
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You’ll use the new data frame to show the position of the
project area with respect to the rest of the city and the
original one to show all of the suitable parcels. You'll add a
third data frame to show the highly suitable parcels, but
first rename the other two.

Renaming the selected data frame

The table of contents is divided into sections by data frame.
Both data frames in the table of contents have the same
title—Layers (the default)—because you copied one to
create the other.

The data frame that you have just pasted onto the map is
still selected—you can see its selection handles in the
Layout view.

1. Scroll through the table of contents until you see the
Layers heading in bold type.

This is the data frame you just added. The bold type
identifies this data frame as the selected data frame.

2. Click the bold Layers heading in the table of contents to
select it.

= @ altemate site

=2
= O junction02but
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3. Click Layers again to highlight the name.

If you click twice rapidly—a double-click—on the name
of a data frame, you will open the Data Frame
Properties dialog box. You do not need to change any
properties of the data frame at the moment, so if you get
this dialog box, just click Cancel and try again.

= @ sltemnate site

13
= O junction02buf

(.

You can now type a new name for the data frame.

4. Type “City Overview” and press Enter.

= M alternate site

=
= 30 junction02but

1

Renaming the original data frame

Now you’ll rename the other data frame.

1. Scroll through the ArcMap table of contents until you
see the Layers heading.

2. Click Layers to select the data frame, then click it again
to highlight the name.
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3. Type “Study Area” and press Enter.

= M alternate site

=2
= O junction02but



Inserting a new data frame

Now add the third data frame, which will show the highly
suitable parcels. You'll do this by inserting a new data
frame rather than copying an existing one.

1. Click Insert and click Data Frame.

The new data frame appears as the selected data frame
in the center of the map and is listed at the bottom of the
table of contents, named New Data Frame 2.

2. Click New Data Frame 2 in the table of contents to
select it, then click again to highlight the name.

3. Rename the data frame by typing “Best Parcels”, then
press Enter.

You want the new data frame to be the same size as the
others (12 by 9 inches) and positioned below the Suitable
Parcels data frame, so you’ll resize and move it.

4. Right-click inside the new data frame on the map and
click Properties.

5. Click the Size and Position tab.

6. Double-click in the Width text box and type “12 in”, then
double-click in the Height text box and type “9 in”. Click
OK.

The data frame is now the same size as the others.
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7. Click and drag the data frame so it is positioned below
the Study Area data frame. It’s OK if it’s not lined up
exactly—you’ll align the data frames later.
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The data frame is currently empty. You'll copy the layers
you need from the Study Area data frame later, after you’ve
changed their symbology.

8. Click Iile and click Save to save your map so far.

144

Through the rest of the chapter, you’ll want to periodically
save your map in case you need to stop or take a break and
come back to it. We’ll remind you at the end of each
section, but you may want to save more often.

At this point, you’ve added the three data frames to create
the basic structure of the map. Now you’ll modify each
data frame to display the necessary layers. In the next step
you’ll change the contents of the city Overview data frame
to show the location of the suitable parcels with respect to
the rest of Greenvalley.



Creating the overview map

You want the City Overview data frame to show where the
suitable parcels are relative to the rest of Greenvalley.
Because most Greenvalley residents are familiar with the
major streets of Greenvalley, you can use the streets to
orient the map readers. You’ll also display the river and the
elevation grid so people can see that the study area
containing the parcels is near the river and in the low-lying
area. Later you'll add a rectangle showing the location of
the study area.

To create the map, you’ll remove the unnecessary layers
from the City Overview data frame, change the extent of
the area displayed in the data frame, and change the way
the streets are displayed. Then you'll change the way the
river is displayed and, finally, add the elevation grid layer
underneath.

Removing unnecessary layers from the data frame

It is often easier to work with the data in a given data
frame in Data view, particularly when the layout contains
several data frames.

1. Click inside the City Overview data frame on the map
page to select it.
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2. Click View and click Data View.

Eile Edit[View Insent Selection Tools Window Help

On a map with multiple data frames, switching to Data
view shows you the data for the currently selected data
frame. In this case, the selected data frame is City
Overview.

3. Scroll to the City Overview data frame in the table of
contents, if necessary.

4. Click alternate site under the data frame heading in the
table of contents to select it.



5. Press the Cirl key and click the following layers to select | You should now have only streets and river03exp in the

them as well: data frame. Neither are currently displayed. If any

* junction02buf additional layers remain, remove them as well.

* junction point 7. Click the check boxes next to river03exp and streets to
» parcel02sel display them.

 parcelOlmrg 8. Click the Full Extent button on the Tools toolbar.

6. With the layers selected, point to one of the highlighted This zooms to the full extent of the remaining layers.

layers, right-click, and click Remove.
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Sevess lLeyer File ..
- ™ Properiies.. The streets layer shows all of the streets of Greenvalley.
50 streets Il Displaying only the major streets will be sufficient for
= showing the location of the suitable parcels and, in fact,

will make the map easier to read. You’ll modify the
properties of this layer to simplify the representation of the
streets.

The layers are removed from the map. You could have
left the layers in the data frame and just not displayed
them, but it’s easier to work with the data frame without
the layers in the table of contents.
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1. Double-click streets under the City Overview data frame
in the table of contents.

1= £F City Overview
= M rnverl3exp

Double-clicking a layer is a quick way to get to its Layer
Properties dialog box.

2. Click the Definition Query tab.
3. Click the Query Builder button.

w

The Query Builder dialog box appears. It’s similar to the
other query dialog boxes you’ve already seen.

The Greenvalley streets in this database belong
to three classes. Classes 3 and 4 are major streets; class 5
streets are smaller streets. You will select the major streets.

4. Double-click [Type].
5. Click the less than or equal to button (<=).
6. Type “4”, review the query expression, then click OK.

The query expression is added to the Definition Query
tab of the Layer Properties dialog box. It should look
like this:

[Type] <=4
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7. Click OK on the Layer Properties dialog box.

Only the major streets are displayed—the smaller streets
are left off the map. Using Definition Query is a quick
way of showing only certain features in a layer without
selecting them and creating a separate layer.
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Now you can zoom to the area covered by the major
streets.

8. Right-click streets in the table of contents and click
Zoom To Layer.

Changing the street symbol

Because you have not yet specified a symbol for the
streets, they are drawn in a randomly selected color. You
want the streets to be drawn with a simple black line.

1. In the table of contents, click the line symbol below the
streets layer (you may need to scroll through the table of
contents to locate it).

Note that streets are also in the Study Area data
frame—make sure you’re working with the layers under
the City Overview data frame.




2. Click the Major Road symbol and click OK.

The major streets of Greenvalley are now drawn on the
map with a black line.

Displaying the river and elevation layers

You also want to display the river and elevation grid so the
city council and public can see that the study area was
chosen based on its proximity to the river and its location in
a low-lying area.

1. Click the line symbol beneath the riverO3exp layer name.

2. Click the River symbol and click OK.

The river is now drawn with a blue line.

3. Click the Add Data button, navigate to the City_layers
folder, and click elevation_grid.lyr. Click Add.

If you get a warning message about the coordinate system
for the layer, click OK.

The elevation grid is added to the data frame and is
displayed using the colors you specified when you created
the layer.
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The City Overview should now display the following layers,
listed in this order in the table of contents:

* river03exp

* streets

* elevation

4. Click View and click Layout View.

The City Overview data frame on the map now shows
the major streets, the river, and the elevation grid.
ArcMap attempts to center the layers in the data frame.
Since the river is along the top edge, it is only partially
visible.

Pan
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6. Click in the data frame and drag the layers down so the
river is visible near the top of the data frame.

The data frame is finished for now.

Later in the chapter you'll add a rectangle to this frame to
show the location of the study area.

7. Click File and click Save to save your map.

In the next step, you'll make the necessary changes to the
Study Area data frame to show the suitable parcels.



Creating the map of suitable parcels

This map will show suitable parcels shaded in one color and
all other parcels in another color. It will also show the
location of the wastewater junction, along with the 500-
and 1,000-meter buffers around the junction. The map will
also include the alternate site, shaded using a diagonal
hatched pattern, and will display the river to help orient
map readers to the location of the parcels.

Setting the display environment

1. Click the Select Elements tool on the Tools toolbar.

2. Click the Study Area data frame on the page—the one in
the upper left.

The data frame is selected and highlighted on the map,
and the data frame name is shown in bold type in the
table of contents. To make it easier to see the data
you're working with, switch to Data view.

3. Click View and click Data View.

You’ll be displaying all the listed layers in this data frame,
except streets, so remove the streets layer.

4. Right-click streets in the table of contents and click
Remove.

The data frame should now contain the following layers,
listed in this order in the table of contents:

+ alternate site

* junction02buf
* junction point
* parcel02sel

* river03exp

* parcel0lmrg

If the data frame contains any other layers, you can remove
them.

Currently, alternate site, junction point, and parcel0lmrg
should be displayed.

Changing the symbol for the parcels

You’ll use the parcel0 I mrg layer as a background layer.
This layer contains all the parcels in the study area. The
foreground data in this data frame will be the layer
containing only the suitable parcels (parcel02sel). It will
display on top of the parcel01mrg layer.

1. Right-click parcel0Imrg in the table of contents and click
Zoom To Layer.

The parcels fill the data frame.
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You want to emphasize the suitable parcels when you draw
them on top, so change the color for the parcels in this
layer to a light shade.

2. Right-click the parcel01mrg layer in the table of
contents and click Properties.

3. Click the Symbology tab.
4. Click the Symbol button.
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5.

6.
7.
8.

Click the Fill Color dropdown arrow and click Blue Gray
Dust.

Click OK.
Click the Display tab on the Properties dialog box.
In the Transparent text box, type “70".




That will set the parcel fill color to be a lighter shade of
the Blue Gray Dust color.

9. Click OK.
The parcels are now drawn in a light blue-gray.

Displaying the suitable parcels

1. Check the box next to the parcel02sel layer to display it.
2. Click the symbol box beneath parcel02sel.
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3. Click the Fill Color dropdown arrow and click Blue Gray
Dust.

4. Click OK on the Symbol Selector dialog box.

Now the suitable parcels are drawn using a medium
blue-gray, a darker shade of the color the rest of the
parcels are drawn with.

i
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Changing the symbol for the alternate site

Right now the alternate site is drawn using the default color

ArcMap selected when you created the layer. You’ll draw it

using gray diagonal hatching so it is visible but doesn’t

detract from the suitable parcels.

1. Click the symbol box beneath the alternate site layer to
display the Symbol Selector dialog box.

2. Scroll to the bottom and click 10% Simple hatch.
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3. Click the Fill Color dropdown arrow and click Gray 40%.

4. Click OK.
The picture redraws with the gray diagonal hatching.




Displaying the river and the wastewater junction

You’ll also want to display the river and wastewater
junction to show where the suitable parcels are in relation
to these features. You know how to change the symbology
for a layer at this point, so we’ll just give you the major
steps. If you need help, review the specific steps in the
previous sections.

Display the river03exp layer and draw it using the same
symbol you used for the river in the City Overview data
frame.

The wastewater junction should already be displayed. Click
the point symbol underneath the layer to display the
Symbol Selector dialog box. Click a symbol of your
choosing. You can use the Color dropdown arrow to change
the color if you like. Use the arrows in the Size text box to
set the size to 14 (points).
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Displaying and labeling the junction buffers

Finally for this map, you'll want to display and label the

500- and 1,000-meter buffers around the wastewater

junction.

1. Click the check box next to the junction02buf layer to
display it.

Now you’ll label the two buffers by adding text to the data

frame. You can also label features using a value stored in

the attribute table. You'll do that later, on the map of highly

suitable parcels.

2. Click the New Text button on the Draw toolbar.

New Text

The cursor changes to a crosshair and an A.
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3. Move the cursor next to the upper-right edge of the 7. Add the second label, 1000 meters, in the same manner.
mner buffer circle and click.

A text box appears.
4. Type “500 meters” and press Enter.

52
Y 7

\___/ 8. Click View and click Layout to switch back to layout
view and display your map at this point.

The text box is still active and highlighted with a box.

5. Click the Bold button on the Draw toolbar to make the
text appear in bold type.

Bold

If you make a mistake, simply click the text to select it,
press the Delete key on the keyboard, and start over.

6. With the text still selected, click and drag it to reposition

it away from the outer buffer circle, if necessary. 9. Click File and click Save to save your map.

You’ve completed two of the maps. In the next section
you'll create the map of the highly suitable parcels.
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Creating the map of highly suitable parcels

The third map will focus on the highly suitable parcels,
color coding them by their distance from roads and the
wastewater junction. You’ll also label each parcel with its
assessor’s parcel number (APN) so people can associate
the parcels on the map with the parcel report you'll create.
Finally, you’ll label the alternate site with its area.

You’ve already changed the symbols in the Study Area data
frame for several of the layers, so you’ll copy the layers
you need from that data frame into the Best Parcels data
frame. Then all you’ll need to do is change the color coding
for the highly suitable parcels and label them.

Copying layers from the Study Area data frame

Now you can copy the layers you need into the empty data
frame. Since the changes you need to make to the layers are
minimal, you can continue to work in Layout view. The map
will be updated as you make the changes.

The order in which you add the layers to the data frame
determines the order in which they are drawn, with the
most recently added drawn on top. To maintain the correct
order, copy them in the reverse order to the order that they
appear in the table of contents.

1. Right-click the parcelO1mrg layer under the Study Area
data frame in the table of contents and click Copy.
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2. Right-click the Best Parcels data frame in the table of
contents and click Paste Layer.
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The parcelOlmrg layer is added to the Best Parcels data
frame and appears on the map.

Now copy the rest of the layers you need, in this order:
* parcel02sel

* junction point

+ alternate site

The Best Parcels data frame should now display these
layers listed in the following order in the table of contents:

+ alternate site
* junction point
+ parcel02sel

+ parcelOlmrg

Creating the layer of the highly suitable parcels

To make it easier to display and label the highly suitable
parcels, you'll select them and create a new layer in the
data frame. You'll do this by creating a selection
expression. In Layout view, queries are performed on the
selected data frame. You have been adding layers to the
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Double-click JUNC_DIST.
. Click the greater than button (>).
10. Type “0™.

Best Parcels data frame, but it is not the selected data 3. Click the Layer dropdown arrow and click parcel02sel.
frame—Study Area is selected. Before you can query the | 4 pgyple-click ROAD_DIST in the Fields list.
parcels layer, you have to select the Best Parcels data . =
frame. 5. Click the greater than button (>).
1. Click the Best Parcels data frame on the virtual page to 6. Type “0”.
select it. 7. Click Or.
8.
9

|
o e e e
el
Now you can select the highly suitable parcels—those Pt -~

within 50 meters of a road and/or 1,000 meters of the
wastewater junction. These parcels have values greater
than 0 for either or both the ROAD_DIST and
JUNC_DIST fields.

2. Click Selection and click Select By Attributes.

The Select By Attributes dialog box appears.
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The selection expression should look like this:
“ROAD_DIST” > 0 OR “JUNC_DIST” > 0
11. Click Apply, then click Close.

o a

s

Now the highly suitable parcels are selected, and you
can create a separate layer containing them.

12. Right-click parcel02sel in the table of contents—under
the Best Parcels data frame—point to Selection, and
click Create Layer From Selected Features.

= @ percell2eel Sk

ArcMap creates a new layer in the Best Parcels data
frame that contains the selected features. The default
name is parcel02sel selection. You will rename it to
“highly suitable”.

13. Click parcel02sel selection in the table of contents to

select it, then click again to highlight the name.

14. Type “highly suitable” and press Enter.

= £ Best Parcels

= ZHlhighly suitable

=
= @ alternate site

=

The layer is renamed in the table of contents. Now you
will change the way it is symbolized and add the parcel
identification numbers as labels on the map.

Color coding the highly suitable parcels

You’ll color code the highly suitable parcels based on both
their distance from roads and from the wastewater junction,
using the ROAD_DIST and JUNC_DIST fields. There are
five possible pairs of values:
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Less than 500 meters from the junction and less than 50
meters from a road (junc_dist = 500 and road_dist = 50)

Less than 500 meters from the junction but more than 50
meters from a road (junc_dist = 500 and road_dist = 0)

500 to 1,000 meters from the junction and less than 50
meters from a road (junc_dist = 1000 and road_dist =
50)

500 to 1,000 meters from the junction but more than 50
meters from a road (junc_dist = 1000 and road_dist = 0)

More than 1,000 meters from the junction but less than
50 meters from a road (junc_dist = 0 and road_dist = 50)



These distance values may play a part in the city council’s
decision of which parcels to buy for the plant site. The
parcels closer to the junction and closer to a road are the
most suitable, although other factors may come into play in
the decision, such as engineering issues (the slope and soils
on-site) and economic issues (the ownership and assessed
value of each parcel).

You'll symbolize the highly suitable layer so that both
distance values are communicated.

1. Double-click the highly suitable layer under the Best
Parcels data frame in the table of contents.

2. Click the Symbology tab.

Currently, all the parcels are drawn with a single default
symbol.

3. Click Categories in the Show box and click Unique
values, many fields.

The Unique values, many fields option lets you color code
features based on combinations of values from up to

three fields. You need only two: JUNC_DIST and
ROAD_DIST.

4. Click the top dropdown arrow in the Value Fields
section and click JUNC_DIST.

5. Click the second dropdown arrow in the Value Fields
section and click ROAD_DIST.

6. Click Add All Values.

Only four pairs of values are listed. Apparently there are no
parcels in the fifth category (more than 1,000 meters from
the junction, but less than 50 meters from a road).

The pairs appear in this order:
* 500,50

+ 500,0

* 1000,50

« 1000,0

The four pairs of values will be shown on the map with
unique symbols. You’ll draw the parcels within 500 meters
of the junction in two shades of green—parcels near a road
in a dark shade and parcels far from a road in a lighter
shade—and the parcels between 500 and 1,000 meters
from the junction in two shades of yellow. The remaining
parcels—those meeting all the city’s criteria but more than
50 meters from a road and more than 1,000 meters from the
junction—will be shaded using the same blue-gray you used
in the Study Area data frame.
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Changing the symbol colors

ArcMap uses default colors for the value combinations. You
want to use two shades of green for the parcels within

500 meters of the junction and two shades of yellow for
parcels between 500 and 1,000 meters of the junction.

1. Double-click the symbol box next to 500, 50.

The Symbol Selector dialog box appears.

2. Click the Fill Color dropdown arrow and click Tarragon
Green.

3. Click OK.

4. Now select the colors for the other values in the same
manner. Use the following colors:

500,0 Lemongrass
1000, 50 Citroen Yellow
1000, 0 Yucca Yellow

There are no other values in this case, so you can turn off
the symbol for other values.
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5. Click the check box next to <all other values> to Sym._ | Vole [ Lobel =
uncheck it. (1= ::I'l.o:;sirvu)luav (D.}]llzmu:::fe::nwom Road 22
rawm s =
500.0 S00. 0 1
Tiest Tcom " p— 000 10000 2
| <oll other values> <all other values> 0 |
<Heading> JUNC_DIST. ROAD_DIST 12
500.50 500, 50 4
500.0 500.0 1 l
1000.50 1000, 50 5
1000.0 1o X 3. Change the labels for the remaining three symbols.
For 500, 0 type “<500m; >50m”.
For 1000, 50 type “500-1000m; <50m”.
You also want to change the legend labels, so keep the For 1000, 0 type “500—1000m; >50m”
dialog box open. : g )
4. Click OK.
Changing the heading and value labels

=] o a
Now you’ll change the labels that appear in the table of :
contents to make them easier to understand. These labels

will also appear in the map legend when you create it. ﬁ

1. Click the label field for the Heading and type “Distance
to: Junction, Road”. Rather than pressing Enter, which
will close the dialog box, just click in the next label field g
to change the label. a a a

ETHITT Tt 7 = No»w{ the highly suitable parcels have uniqug sympols based
= W&g—_ on distance from roads and the wastewater junction. The
500. 50 50050 parcels shaded green are within 500 meters of the junction,
500.0 500, 0
1000.60 1000.50 and the parcels shaded yellow are between 500 and
1 ! . .
1,000 meters from the junction. The dark-shaded parcels—
both green and yellow—are within 50 meters of a road,
while the lighter shaded parcels are more than 50 meters
from a road.

oo — Aol

2. Click the label field for 500, 50 and type
“<500m; <50m”.
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Labeling the highly suitable parcels

Next, you’ll label the highly suitable parcels with their APN
so they can be identified in the parcel report. First, zoom to
the highly suitable parcels to emphasize them on the map.

1.

Click the Zoom In tool on the Tools toolbar and click and
drag a rectangle around the highly suitable parcels and
the alternate site.

Since you're zooming in on the data—not the map
page—make sure you’re not using the Zoom In tool on
the Layout toolbar.

LIFI'rr '1
mtEr e

Before you add the labels, you will make sure that the
correct field is used for labeling.

2.
3.
4.

Double-click highly suitable.
Click the Labels tab of the Layer Properties dialog box.

Click the dropdown arrow to select the label field and
click APN.

Check Label Features in this layer in the upper-left
corner of the dialog box and click OK.

Each highly suitable parcel is now labeled with its APN.
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It’s hard to see how the labels will look since the map is
currently scaled down to fit the screen. You can display the
map at the actual size to see how it will look when printed.

6. Click the Zoom to 100% button on the Layout toolbar.

j E3
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Zoom to 100%



The map is now displayed in the ArcMap window at the
printed size, but you’re looking at the center of the map.

| - ™ ™ Ld ™ T

o

>
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. Click the Pan tool on the Layout toolbar and drag the
map to the upper right until you can see the highly
suitable parcels with their labels.

o
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Pan

The Pan and Zoom tools on the Layout toolbar let you
move around the map page, whereas Pan and Zoom on
the Tools toolbar let you change the geographic extent of
the data displayed in the currently selected data frame.
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The labels look pretty good, but they could be a little larger.
8. Double-click the highly suitable layer in the table of

contents to display the Layer Properties dialog box and
click the Labels tab.

9. Click Symbol.




The Symbol Selector dialog box appears. The labels are
currently displayed using 8 point type.

10. Click the Size dropdown arrow and click 12 to make the
labels 12 point. Click OK.

AaBbYyZz
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11. Click OK on the Layer Properties dialog box.
The labels are now larger and easier to read.

12. Click the Zoom Whole Page button on the Layout
toolbar to see the entire map again.

=
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Zoom Whole
Page

Creating the label for the alternate site

The alternate site won’t be in the parcel report since it
doesn’t meet all the city’s current criteria for a site for the
wastewater treatment plant. However, you want to display
its area. You'’ll label the parcel with its AREA field using the
Layer Properties dialog box to set the properties before
displaying the label.

1. Double-click alternate site in the table of contents to
display the Layer Properties dialog box.

2. Click the Labels tab.
3. Click Expression.

The Expression Properties dialog box appears. You can
create a Visual Basic or Java™ script to customize the
way labels are displayed. You’ll create a simple VB
script to display the area value with a suffix of

“sq meters”. The area value is stored in the database
using several decimal places, which you don’t need to
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4. Click in the Expression box.

display, so you’ll round the value to no decimal places.
You will need to create an expression that looks like this:

Round([AREA], 0) & “ 7 & *“sq meters”

. Type the expression in full or type all the characters
except the field name, which you can drag from the
Label Fields box.

The VB Round command has two arguments, enclosed
in parentheses—the name of the field, AREA in this
case, and the number of decimal places to round to, 0 in
this case. You enclose in double quotes any text you
want to display as part of the label, in this case “sq
meters”. The double quotes with two spaces inside will
ensure there is space between the area value and the
suffix when the label is displayed. You use an ampersand
(&) to connect the elements of the script.

O,
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6. Click the Verify button to make sure you entered the
expression correctly.

The Sample label box appears and tells you the
expression is valid. It also shows you a sample of how
the label will look. Note that the value displayed in the
Sample label box is not the actual value of the parcel. If
you get an error message when you click Verify, just
check that you entered the expression correctly, make
any changes, and click Verify again.

label

.vum;ylu-

7. Click OK to close the Sample label dialog box and click
OK to close the Expression Properties dialog box.

Now you’ve specified what will be in the label. Next you’ll
want to change the way the label is displayed.

Changing the label properties and displaying the
label

1. Click Symbol on the Labels tab.
The Symbol Selector dialog box appears.

2. Click the Size dropdown arrow and click 12 to make the
label 12 point text.

Now the label will be large enough, but it will be drawn on
top of the diagonal hatching and might still be difficult to
read. You’ll add a mask around the text so it appears on a
solid background.



3. Click Properties. 7. Click Symbol to display the mask Symbol Selector dialog
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The Editor dialog box appears to let you edit the text
properties. You can see that the size is shown as 12, as
you just specified.

4. Click the Mask tab.

5. Click Halo in the Style panel.

The Preview panel shows you how the text will look. You
want the mask to be wider to block out the hatching in the
alternate site parcel.

6. Click the up arrow in the Size text box to increase the
mask width to 4 points.

You also want the mask to be light gray so it’s easy to read

the text.
e e 9. Click OK to close the mask Symbol Selector.

The Preview panel shows that the mask is light gray.
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10. Click OK to close the Editor dialog box and click OK
again to close the text Symbol Selector dialog box.

11. Check Label Features in this layer in the upper-left
corner of the dialog box and click OK.

The alternate site is labeled with its area.

12. Click the Zoom In tool on the Layout toolbar and click
and drag a rectangle around the alternate site.

-a
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You can see the label with its mask.
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13. When you’re done reviewing the label, click the Zoom

Whole Page button on the Layout toolbar to view the
entire map again.

14. Click File and click Save to save your map at this point.

The third map is complete, and the geographic information
you need to present is now displayed in each data frame.
Next, you’ll create a report for the highly suitable parcels,
add it to the map, and finish laying out the map by adding
the rest of the map elements.



Creating the parcel report

You’ll create a tabular report of the highly suitable parcels
to provide additional information about each. The report
will list the assessor’s parcel number, area, and distance
from the junction for each parcel. You’ll group the parcels
by distance from the junction and sort them by size.

First you'll design the report—specifying what should be
included—then you’ll generate it and add it to the map.
Designing the report

You’ll specify the fields you want in the report, then you'll
specify how to group and sort the parcels.

1. Click Tools, point to Reports, and click Create Report.

The Report Properties dialog box appears, and the Fields
tab is selected. The other tabs are unavailable since you
haven’t yet specified any fields to include in the report.

. Click the dropdown arrow in the Layer/Table text box
and click highly suitable as the layer to create the report
from.

. Double-click JUNC_DIST to move it from the Available
Fields to the Report Fields column.
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4. Double-click APN and AREA to add them to the Report
Fields column as well.

Report Properhies

e ————— ——

Now the other tabs are available.
5. Click the Grouping tab.



6. Double-click JUNC_DIST to specify this as the
grouping field.

Report Propertes

Parcels less than 500 meters from the wastewater junction
will be in one section of the report, and the parcels between
500 and 1,000 meters from the junction will be in another.

7. Click the Sorting tab.

Here you specify which fields to use to sort the records and
how to sort them.

8. Click in the Sort column for AREA and click
Descending on the dropdown list that appears.

Report Properios

 Goumo 5o | S| iy

The largest parcel will be listed at the top for each group.
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You’ll need to change the width for the APN column to
make it wide enough to display the full assessor’s parcel
number.

9. Click the Display tab, click Fields, and click APN.

10. Double-click in the box next to Width and type 1. Press
Enter.

Horizonal Alignmant
Back Color

Border

Fom

Haight

Left

No Data Text

Test
Vatcal Alignment

¥ Summary

Generating the report

Now have ArcMap generate the report using the settings
you have specified.

1. Click Generate Report.

The Report Viewer appears. The viewer lets you
preview the report.



The report looks good, so add it to the map.

2. Click Add.

APN

E——
500 029204406 !
00 029204411 3850458681
500 029204412 G959, THM2
500 026204119 AGHad 35006
00 029204118 18802 67008
[
1000 016766101 40338 89616
1000 029204407 A84, 20606
1000 016769102 W82 66727
1000 029204410 M0, 25769
1000 029204408 38231 8468
1000 029204400 36221 4449

18740 24630

The Add to Map dialog box appears.

Add to Map

The report is only one page long, so you will accept the
default settings.

3. Click OK.
The report appears on the map.

4. Click the X button to close the Report Viewer and click
the Close button to close the Report Properties dialog
box.

The Report tool asks if you want to save this report.
5. Click No.
6. Click the Select Elements tool, if necessary.

7. Click and drag the report into position beside the Best
Parcels data frame.

e
g |
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8. Click File and click Save to save your map.
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Adding the list of site criteria to the map

So that the public as well as the city council will be aware
of the criteria used for finding a site for the plant, you’ll
add a text file listing the criteria. The city council staff
e-mailed you a text file containing a copy of the criteria.
The file is stored in the project folder.

1. Click Insert and click Object.

T [T

4. Click OK.
The text file is added to the map.
5. Click and drag the text to the right of the parcel report.

If you want, you can make the text smaller by using the
green selection handles to resize the text block. Click the
lower-left selection handle and drag it toward the upper-
right selection handle. Holding the Ctrl key while you

The Insert Object dialog box appears. drag the handle will reduce the text proportionally. It’s
2. Click Create from File, then click the Browse button. okay if the selection box extends beyond the map page
since it won’t be visible once the text block is no longer

selected.

3. Navigate to the project folder, click Site Criteria.rtf, and
click Open.
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Adding the map elements

At this point you’ve added to the map the content you need
to present to the city council. Now you’ll add the map
elements to make the map easier to read and more visually
attractive.

Here are the elements you will add:

* An extent rectangle to show the location of the study
area on the City Overview data frame

* Map legends

* Scalebars

* A North arrow

* The map title

* Thecity logo

* Map reference information

* Graphic rectangles to create a title bar and to enclose
the map

Adding an extent rectangle to the City Overview
map

You will add an extent rectangle to the City Overview data
frame that will show the location of the suitable parcels
relative to the rest of the city. Extent rectangles show the
size, shape, and position of one data frame in another data
frame.

First you’ll need to select the City Overview data frame.
1. Click the Select Elements button, if necessary.
2. Click the City Overview data frame to select it.
3. Right-click the data frame and click Properties.
The Data Frame Properties dialog box appears.

4. Click the Extent Rectangles tab.
You will show the position of the Study Area data frame.
5. Click Study Area in the Other data frames list.

6. Click the top arrow button to move Study Area to the
right list box.

ArcMap lets you choose a variety of symbols for the extent
rectangle, but the default black line will work just fine. If
you want to change the symbol, click the Frame button to
display the Frame Properties dialog box.

7. Click OK on the Data Frame Properties dialog box.
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The extent rectangle appears in the City Overview data
frame, showing the position and extent of the Study

Area data frame, but it’s clipped by the edge of the data
frame.
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8. Click the Pan tool on the Tools toolbar and drag the
layers down and to the right until the entire extent
rectangle is visible.

The city council and public will now be able to see the
location of the suitable parcels relative to the major
streets of Greenvalley.

Adding the map legend for the City Overview map

You’ll want to add legends and scalebars for all three data
frames. You'll select each data frame and create the legend
and scalebar for each in turn. ArcMap automatically
creates a legend based on the table of contents for each

data frame. Once you’ve created the legend you can move,
resize, and edit it.



The City Overview data frame should still be selected.
1. Click Insert and click Legend.

If the Legend Wizard dialog box appears, the ArcMap
option to ‘Use wizards when available’ is turned on; if
needed, this option is under Options on the Tools menu
on the Applications tab. You can proceed with the
following steps using the wizard. If the Legend Wizard
doesn’t appear and the legend is added immediately to
the map, skip to step 5 below.
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The wizard automatically lists all the layers in the data
frame for inclusion in the legend. You want all the layers
for this map.

. Click Next.

You don’t need a title for the legend, so double-click
Legend and press the Backspace key to delete the text.

. Chick Preview.

The legend is displayed in the center of the map (you
may have to move the wizard dialog box to see it).
You’ll use the default settings for the rest of the legend
properties, so you can exit the wizard at this point.

4. Click Finish.



5. If necessary, click the selection handle in the upper-right
corner of the legend box and drag it to the lower left
until the legend will be small enough to fit on the page,
to the right of the City Overview data frame.
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6. Click and drag the legend to the right of the City
Overview data frame.

7. Click the Zoom In tool on the Layout toolbar and click
and drag a rectangle around the legend so you can see it
better.

You'll notice that the text for the river symbol reads
river03exp, and the label for the elevation layer is “Value”.
ArcMap takes the legend text directly from the table of
contents. You want to use more explanatory text in the
legend. This is easy to change.

8. Click riverO3exp under the City Overview data frame on
the table of contents to select it. Click again to highlight
the name.

9. Type “river” and press Enter.

= £F City Overview
e Elrver |

F @ streets
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The legend is updated with the new text.
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Now change the text for the elevation layer.

10. Click Value under the elevation layer to select it, then
click again to highlight the name. Type “elevation” and
press Enter.

11. Click the Zoom Whole Page button on the Layout
toolbar to see the entire map again.

Adding a scalebar for the City Overview map

Each of the three data frames on the map is drawn at a
different scale, so you’ll need to add a scalebar for each.
You’ll add a scalebar for the City Overview data frame
while it’s still selected.
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1. Click Insert and click Scale Bar.

The Scale Bar Selector dialog box appears.

2. Click a scalebar that appeals to you and click OK.

i
0 &0 w00 ann Miles

Scale Line 1

0 &0 100 A0 e

Scale Line 2

1o 0 pates
Scale Ling 3

IMiles
400

M T
0 & w0 00 300
Stwpped Scale Line

0 &0 wo 200 a0 400

Ahwmetng Scale Bar 1

The scalebar is added to the map.



3. Click the scalebar and drag it below the City Overview Click parcel0O2sel in the list and click the up arrow twice to

data frame. move it to the top. The layers should now be in the right
order. The legend doesn’t need a title, so remove it on the
next screen in the wizard. Then preview the legend and
click Finish to add it to the map. If you’re not using the
wizard, after the legend is added to the map right-click it
and click Properties. Then click the Items tab to change the
layers that are displayed and click the Legend tab to
remove the title.

Click and drag the legend to the right of the Study Area
v e data frame. Make the legend small enough to fit between

P LT
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s the two data frames by clicking and dragging the upper-
right selection handle, if necessary.

Change junction point to junction, riverO3exp to river, and
parcel02sel to suitable parcels.

ArcMap knows the scale of each data frame and creates
the scalebar accordingly. R

Adding the other legends and scalebars

Now you know how to add legends and scalebars to your - P

map. We’ll give you the major steps for the other two data — P

frames, and you can work through the tasks yourself. You ! ’ Z ] alternate site

can review the previous sections if you need help with the * junction

specific steps. i -

Select the Study Area data frame by clicking it. Insert a  a— -

legend. You don’t need to include the junction buffers or -

the parcelO01mrg layers in the legend, so remove them from 0 1

the Legend Items list in the wizard. Click each and click the | ™™ — -

< arrow at the bottom to move them off the list. You want Insert a scalebar for the Study Area data frame. Use the
the layers to appear in the following order in the legend: same style you used for the City Overview and drag it
parcel02sel, alternate site, junction point, and riverO3exp. under the Study Area data frame; you may want to zoom

and pan on the page to position the scalebar.
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If you zoom in on the two scalebars you’ve added so far,
you can see that the City Overview map is about half the
scale of the Study Area map.

Select the Best Parcels data frame and insert a legend. You
only need to include the highly suitable parcels, the alternate
site, and the wastewater junction, in that order. This time
include a title for the legend: Highly Suitable Parcels. Add
the legend to the map; reduce its size, if necessary, by
clicking and dragging one of the comer selection handles;
and drag it to the right of the Best Parcels data frame,
below the report.

-

|
-

Highly Suitable Parcels
Distance to: Junction, Road
|| 500-1000m; <50m

500-1000m; >50m
- <500m; <50m
|| <500; >50m
| | alternate site
®  junction

Finally, add a scalebar for the Best Parcels data frame and
position it below the frame.

Save your map at this point.
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Now you are ready to add a few final map elements to
finish the map. You’ll include a North arrow, a map title,
the city logo, and map reference information. You’ll also
add two graphic rectangles to tie the composition together.

Adding a North arrow

You'll place a North arrow in the upper-left corner to show
the orientation of the whole map.

1. Click Insert and click North Arrow.

The North Arrow Selector dialog box appears.
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2. Click any of the North arrows, then click OK.

ESRINoh 3

A\

ESFINorth § ESRINo 6

ESFNorth 8

k

The North arrow appears on the map.

3. Click the North arrow and drag it to the upper-left
corner of the map so it is a little lower than the top of
the Study Area data frame.

o I
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Adding a map title

Next you’ll add a descriptive title to the map, placed
vertically along the left side of the page.

1 Click Insert and click Title

The text water project appears on the map. ArcMap
uses the name of the map file as the default title.

2. Type “Potential Wastewater Plant Sites”.

3. On the Draw toolbar, type “72" in the font size text box
and press Enter.

The map title is redrawn in 72 point type.




4. Right-click the title, point to Rotate or Flip, and click Adding the city logo

Rotate Left. The map needs to have the city logo on it. You’ve got a

bitmap version of the logo that you’ve used for previous
projects stored in the project folder.

1. Click Insert and click Picture.

Potental Wastewater Plant Stes
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The title is rotated. Now you can place it along the left
edge of the map.

5. Click on the title and drag it to the left edge of the map , ’
badlow e Natthiarroo: 2. Navigate to the project folder.

3. Click city_logo.bmp and click Open.

>

|
ential Wastewater Plart Sie

city_logo bmp | 2pt
concal_|
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The logo is added to the map. You’ll need to make it
smaller and move it.

4. Right-click the logo and click Properties.

>

Polentid Wastewater Plant Stes

map.

5. Click the Size and Position tab.

6. Uncheck the As Percentage box and check the Preserve
Aspect Ratio box.

7. Click in the Width box and type “2.5in” to make the logo
2.5 inches wide. Click OK.

)
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Adding the map reference information

You’ll want to add information about the map itself for
reference. At a minimum, this should include the map
projection information and the date. You can also include
your name, as the author of the map, if you’d like.

1. Click the New Text tool on the Draw toolbar.
Drawing > | Rk () D"[_[jﬂ|

New
Text

2. Click beneath the logo.

In the text box, you'll type the map projection information
on the first line and the date on the second line.

3. Type “UTM Zone 11N, NAD 1983”.

4. Press the Ctrl key and press Enter to add a line break; if

you press Enter without the Ctrl key, the text will be
added to the map immediately.

L

.;uF-g' wastewater junction

Greenvalley &

#0518 )
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5. Type today’s date on the second line.

6. If you'd like, press Ctrl + Enter again and type your
name.

7. Press Enter to add the text to the map.
The text box is still selected. You want to use 12 point type.

8. Click in the text size box on the Draw toolbar, type “12",
and press Enter.

In an actual GIS project you might also include the sources
of the data used on the map and the dates the data was
collected, other contributors to the map, copyright
information, and so on.

9. If necessary, click and drag the text to reposition it so it
lines up with the left edge of the logo.

10. Click File and click Save to save your map.

Aligning the map elements

So far, you’ve added all the elements to the map that you
needed—the extent rectangle, legends, scalebars, North
arrow, title, and logo—and arranged them on the page.
Before adding the graphic rectangles to complete the map,
you’ll want to align the data frames and other map
elements.

1. Click the Study Area data frame to select it.

2. Press and hold the Shift key and click the Study Area
legend, the City Overview data frame, and the City
Overview legend so that all four elements are selected.



e
MR e 16 e o e W
© Ern -y

mllllmnig
o
¥
H
H
H

gy

-
B R
e

— ———-

3. Click the Drawing dropdown arrow on the Draw toolbar,
point to Align, and click Align Bottom.

§
it
H

Potential Wastewater Plant Sites D2
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The bottom edges of the four elements now line up. You
can align other combinations of map elements the same
way.
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Select the scalebars below the Study Area and City
Overview data frames and use Align Vertical Center.

Select the Best Parcels data frame and its legend and use
Align Bottom.

Select the Study Area data frame and scalebar and the
Best Parcels data frame and scalebar and use Align Left.

Select the City Overview data frame and its scalebar and
use Align Left.

Select the Study Area legend, parcel report, and Highly
Suitable legend and use Align Left.

You may want to double check to make sure none of the
map elements overlap (use the Pan and Zoom tools on the
Layout toolbar) and move any elements accordingly.

Finally, you’ll add two graphic rectangles to make your
map look more polished. The first will frame the title and
North arrow, and the second will tie the entire composition
together.

Adding graphic rectangles

First you’ll place a graphic rectangle behind the title and
North arrow.

1. Click the New Rectangle button on the Draw toolbar.

Drewiog = [N

New
Rectangle



2. Click below and to the left of the title, in line with the 3. Right-click the rectangle, point to Order, and click Send
bottom of the Best Parcels data frame, and drag a to Back.
rectangle around the title and the North arrow so the top
of the rectangle is even with the top of the Study Area
data frame.
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The rectangle is now behind the title and North arrow.

4. Click the dropdown arrow beside the Fill Color button on
the Draw toolbar.

Potential Wastewater Plant Sites =

The graphic rectangle appears on the map but covers the

title and North arrow. . .

5. Click a light blue from the color menu.
The rectangle is drawn in light blue.

The rectangle should encompass the title and North
arrow. If you need to resize the rectangle, just click one
of its selection handles and drag. If you need to
reposition the title or North arrow so they fit within the
rectangle, just click and drag them.

185



ey s - e e v
et © i TR R b S
] ]

=
e
-

Now you’ll place a second graphic rectangle behind all of
the elements on the page to frame the map and tie the
composition together.

6. Click the Rectangle button on the Draw toolbar.

7. Click at the upper-left corner of the map and drag a
rectangle to the lower-right corner of the map.

Potential Wastewater Plant Sites e

The second graphic rectangle appears on the map.

8. Right-click the rectangle, point to Order, and click Send
to Back.

The rectangle is drawn behind the other map elements.

9. Click the dropdown arrow beside the Fill Color button on
the Draw toolbar.
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10. Click Olivine Yellow on the color menu.
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When ce maps for publication, itg ood idea to
check the final m F include

proofreading text, reviewing the symbology to make sure it
is clear, and reviewing the map composition for balance.
You should print the map to verify the colors—this will
also make it easier to do other proofreading work.



Saving the map and printing it

Now that you have finished laying out the map, you will
save a copy of it. You'll still have the draft map if you need
to make more changes.

1. Click File and click Save As.

The Save As dialog box appears.
2. Navigate to the project folder.

3. Type “Wastewater Treatment Plant Sites” and click
Save.

County_share
State_share
) wastewater dato.mxd

5 water project mod

‘astewater Treatment Plant Sites

T —

Later, when you need to view this map again, it will be
available exactly as you have created it.
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If you have a printer connected to your computer, you can
print the map. You created the map as a D size map, so if
your printer will print D size paper, you can print the map at
full size; otherwise, you can scale the map down to fit your
printer.

4. Click File and click Print.

5. If your printer doesn’t print as large as D size, click
Scale Map to fit Printer Paper. If it does print D size or

larger, skip this step.

6. Click OK to print the map.



Now you have a map suitable for framing or presenting to
the city council. There were a lot of steps in this fairly
complex map, but as with the analysis phase, you actually
used a small set of operations—in this case, assigning
symbols to features, sizing and positioning map elements,
and adding text and graphic elements. Understanding how
to perform these basic tasks is the key to creating just about
any type of map. Of course, ArcMap gives you many more
options for creating highly customized maps.

The project is finished! The city council is likely to ask for
additional analysis and a new map for their next meeting.
Since the project database is complete, modifying the
criteria and rerunning the GIS analysis should be relatively
easy. And since you’ve saved a copy of your map,
substituting the new analysis results will be straightforward.

You’ve completed a small, sample GIS project. While the
scope was limited, the project process and many of the
specific methods and tasks are ones that apply to a wide
range of projects you'll encounter in your GIS work. The
next section lists a few of the many resources that are
available to you as you begin to explore the broad range of
GIS applications and the specific functionality of ArcGIS.
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