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Introduction to ArcGIS
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ArcGIS is a scalable system of GIS software

'Arc - produced by Environmental Systems Research
ESRI G I s Institute (ESRI). This system contains three
different products: ArcView, ArcEditor, and
Arcinfo.

ArcView

ArcView is the desktop version meant for a general (non-professional) audience. It
is the most popular desktop GIS software program, but it is not the only one. With
the jump from ArcView 3.2 to ArcView 8.x, ESRI brought ArcView into its ArcMap
system so that it uses the same structure as its more sophisticated GIS products.
ArcView 3.x has similar functionality to ArcView 8, but the products work in very
different ways. ArcView 9 adds some functionality to ArcView 8, but the two
versions work in a very similar way.

ArcEditor

ArcEditor includes all the functionality of ArcView, adding the ability to edit features
in a multiuser geodatabase so that multiuser editing and versioning are possible.
ArcEditor also adds the ability to edit topologically integrated features in a geodatabase.

Arclnfo

Arcinfo is ESRI's professional GIS software. It includes all of the functionality in
ArcView and ArcEditor, adding some advanced geoprocessing and data conversion
capabilities.

ArcSDE is ESRI’s database service, allowing you to manage geographic information
in several different types of databases (IBM DB2, Informix, Microsoft SQL Server,
and Oracle) while ArclMS adds internet map services.

Introduction to ArcView 9 e T

ArcView 9 includes two separate applications: ArcCatalog, B ‘i &

and ArcMap. Although they are designed to work together, '3.- .

they run under separate executable files (.exe) so they each 1 f:' nis

have their own icons. éj [ et ]
arccatalog ArcMap

ArcCatalog works sort of like Windows Explorer. It is a place to browse and
manage your data. You can also create and edit metadata in ArcCatalog.

ArcMap is where you actually create maps. This is where you will spend most of
your time.

ArcToolbox was a separate application in ArcView 8. For ArcView 9, it has been
integrated directly into ArcCatalog and ArcMap.
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Introduction to ArcCatalog

ArcCatalog is designed to help you manage
your spatial and non-spatial data.Using
ArcCatalog may seem awkward, particularly
to people who are familiar with ArcView 3.x.
Using ArcCatalog will help you to develop
good GIS habits, so it’'s worth the effort.

GIS by

Connecting to Folder
When you launch ArcCatalog (from the Start menu, go to ArcGIS, then ArcCatalog,
or add a shortcut to your desktop), a list of all the folders and sub-folders on your
computer will be displayed on the left in the catalog tree. “Connect to folder”
allows you to make a direct connection to the place on your computer where your
GIS data are stored. This is not necessary but will save time. You will use these
same shortcuts in ArcMap (and you can connect to folder from ArcMap, as well).
_ From the file menu, go to “Connect Folder...” or click
Edt Wiew Go Tools Help

on the “Connect To Folder” button (yellow arrow
|@ﬂ ‘ B X against a globe). Navigate until you find the folder

Q with your data and click “OK.” Your folder should
now be listed under “Catalog” next to a & icon.

Seeing File Types

When the contents tab is active in the window on the & philadelphia =lolx|
right (catalog display), ArcView will indicate the type of 15 e wew Favones s o
. . . . . J ¢=Back ~ = - | @Search [ Folders
file using icons. Shapefiles, the format for geographic [hates [ ricsce T o

files in ArcView, are made up of three or more separate —— T =T
files. If you viewed them outside of ArcCatalog (in hospﬁtals +K6 DBFFie —
Windows Explorer or through My Computer), you would |3 e iﬁii:lzf,
see all of the files listed with extensions such as .dbf, l ' >

52 object(s [22.9MB 'S My Camputer

N

.shp, .shx (see example at right).

In ArcCatalog these various files will appear as a
Contents I F'reviewl Metadaty single shapefile. ArcCatalog also indicates what kind
of shapefile: point, line, polygon, or geocoding

_Mame service. In the example on the left, the file
Elhnspitals.shp “hospitals.shp” is made up of points,
& nis_neighborhoods.shp “nis_neighborhoods.shp” is made up of polygons,

and “phila_rails.shp” is made up of lines.

phila_bgroups_census. shp “phila_streets.mxs” is a geocoding service. This

phila_blocks_census.shp means that it has been indexed so that you can use
phila_rails.shp it to geocode addresses. By copying and pasting
%aphila strests. fxe shapefiles using ArcCatalog, you insure that you will

keep all of the components of a shapefile together.

Tables that contain no spatial information can also be = icecreann.bxt
displayed in ArcCatalog. The icon changes depending upon I:gr34IZIIZIIIIsF1I:rI: dh
the type of table. Images can also be displayed. :

3
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Creating Thumbnails

For some files, including maps and layers ) = &M 0| o |@
created in ArcMap, ArcCatalog will display a . CAD t i
thumbnail image of your data when the cation: |C:\Documents 4create Thumbnail

“contents” tab is active.
To create thumbnails for shapefiles and images (you cannot create thumbnails for
tables), click the “preview” tab, highlight the shapefile name, and click on the
“Create Thumbnail” button. Click on the “contents” tab in order to view
thumbnails.

Previewing Files

By making the “preview” tab active, you can look more carefully at files. When the
preview drop-down menu at the bottom of the window on the right is set to
“geography,” you can see what your geographic data looks like mapped. You need
to view your data in ArcMap in order to make changes to the way it displays, but
this preview in ArcCatalog allows you to look quickly at your data. You can also
view images here (ArcCatalog may ask you if you want to build pyramids in order to
display these more quickly, which is probably a good idea).

Switch the preview drop-down to “table” in Presvinr |Gen oh j
order to view the attributes associated with : : = :
your geographic features.

T FUNITE ] Click on the “options” button to add a new

£  Sort Ascending field or export the table. Right clicking on a
column heading allows you to access a
number of other functions such as sort,
freeze/unfreeze column, delete field, and
FreezefUnfreeze Column statistics (the statistics option is only available
for numeric fields). You can also access these

|

Sort Descending
2. Statistics. ..

Delete Field - .

: functions in ArcMap.
Checking Properties shapeISEREE I
Double click on the file name to bring up the Goral 7 i |
shapefile or table properties (or by highlighting the o — 1]
file name and choosing “properties” from the File E%En”:;s f{”
menu). With the fields tab active, you can identify QT N
the data type for each of the columns in your table. Y SCORE Lon teger -
When you click on a column name, the length of Flk o s e
the field will appear below. The column called Soonery Tips &0
“shape” will appear for your shapefiles. When you s [
click on the field name “shape,” several new field S
properties appear at the bottom. From the “spatial e
reference” field, you can see what datum and SeemReEens (S AT St L
projection have been defined (if any). You can —
change or add to this information by clicking on the .. eg veyerme e sy oo e o
“..” From the index tab, you can create attribute Froperies '
or spatial indexes in order to increase the speed of
searching, querying, and drawing data. ok | Come erb

4
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Updating Metadata
ArcCatalog also allows you to update and store metadata. Click on the “metadata”
tab to access this functionality. Sometimes you will receive data that contains
metadata, but generally this is something you will have to add after acquiring or
building a dataset. ArcCatalog offers several different stylesheets that define the
types of information that can be included in the metadata documentation. The
default is ESRI's stylesheet, but you can change this from the stylesheet dropdown

menu.

The buttons to the right of this

dropdown menu aIIov?/ you to (in || Stylesheet .......................................... : H 8 4B
order) edit metadata, view —

metadata properties, create/ -] SWFGDC FAQ

update metadata, import, and - 5wy Geography Network

export metadata. (0 b2

[ Editing 'philacounty”

|dentheshon

ArcView 9 Manual

B

Data Quality D i z Ervity At Ditribasion Metadata Reference

Generdl | mitnee Accuecy| Pustionsl Accuscy] Sowce infmaton| Frocess Stegl

Logical

Consistancy

Repoit

Comg
Repa

B Lditing 'philacounty” E Edp |
ic ot Dara Qushy D i i Ervity At Diibasion  Matadata Flefeience
General | Comect ]| Cietion | T Posiod | Stetus | Spaial Domain | Keywosds | Bromwse Giaghic | Secusiy | Cioss Riefererice |
Diescription
Abstact | = :I
[ — | a1 vekop :|
Lagusge. [0
Supplemental D
Irdoematinn: =
Access REQUIRED: Restsction athe -
Cortants: =
Use [REUUIHED: Hestsctorn -
Coratesints: -
Data Set -
Crede =
:‘Mﬂsisﬂlnm;wwms 2000 Vertion 5.0 [Buld 2195) Service Pack 1 LSAI ArcCatabog 01,0642 :I
Hative Dt St -
Faemat [Ehopesi
S | _ Cwed | | Hw |

Other ArcCatalog Functions
These are the basic functions in ArcCatalog—organizing and previewing data and
working with metadata. ArcCatalog also has extensive search capabilities, making
it possible to locate files based on name, location on your computer, geographic
location, and date. You can geocode addresses and work with maps and layers,
although these are functions that can also be done through ArcMap.

Click on the “edit metadata” button
in order to add or edit your
metadata. You will probably not be
able to fill in all of the requested
(“required”) fields, but fill in as much
as you can. Most important are a
description of the data (including the
date, spatial extent, and geographic
level), limits on access (who can use
the data?), contact information
(when and from whom did you
acquire the data?), data values (is
there a data dictionary that explains
the meaning of values?), and data
quality (are there known problems?).
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Introduction to ArcMap

ArcMap is where you create maps and
access most of the ArcGIS functionality.
You can access some of the same functions
through ArcCatalog and will need to decide
for yourself which approach you find works
best for you.

Starting ArcMap
i | You can launch ArcMap in several ways. If you are in ArcCatalog, click on

the “Launch ArcMap” button. Alternatively, go to the start menu, ArcGIS,
and ArcMap or double-click on a desktop icon (if you created one).

When ArcMap opens, you will be asked if you want to open an empty map, use a
template, or open an existing map. You can prevent this dialog from displaying
again by putting a check mark in the “do not show this dialog again” box.

Customizing the Interface

ArcMap is made up of many different windows and (dock-able) toolbars that you
can resize and move around, so don’t be surprised if ArcMap looks slightly different
each time you open it.

& seormricts o aecre <24 The window that lists your
[ Ct Wew Jnsert Zelecton Jook Window (el -
T R s i map layers is the table of
2l T ;Q J CiasdLaL L contents; the window that
_%_g a y shows your map is the
S = ad map display. You can
353 o g close the table of contents
o . N X M by clicking on the “x” and
RIS 3 "= w0\ < resize it by holding your
- .5 cursor over the right edge
S e &l | : LB : until your cursor changes
- © o) aa q\ . Oy to a two-headed arrow.
B g fae Y L. Left-click and drag the
2 @ oty SCRN. edge to resize this window.
—"; y To move one of your
e _ < . toolbars, left click on the
S e e “  end (top or left), hold
T down, and move to a new
location.

Adding Tools and Toolbars

To add or remove a toolbar, left click anywhere outside of the table of contents,
map display, or toolbar (somewhere gray) or, from the view menu, go to “toolbars.”
Anything with a check mark next to it will be displayed. You can also add new
buttons to your toolbars from the “customize” option. One especially helpful button
allows you to zoom continuously. Choose the commands tab, scroll down to
“pan/zoom,” then right click on the “Continuous Pan and Zoom” button on the right
and drag it to your tools toolbar (the toolbar with the outline of a hand and an
image of a globe in the middle) and release.

6
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Working with the Table of Contents

The table of contents has two tabs (at the bottom): display and source. When the
display tab is active, the table of contents will only list data that can be drawn as a
map layer. When the source tab is active, the table of contents will also show
tables along with the path indicating where the data are stored. Turn on and off a
layer by checking and unchecking the box next to it. Layers are drawn in the map
display in the order in which they are shown in the table of contents. Map layers
listed at the top will draw on top. To move a layer, left click and hold the mouse
button down, then move the layer.

Navigating a Map

There are several tools available for zooming in and out of your map. The
continuous zoom tool gives you the greatest amount of control. Click on it,
@1 then left click on your map, hold down the mouse button, and move your
mouse away from you to zoom in and toward you to zoom out. If you right
click and hold down, this becomes a tool for panning (moving map around
without changing the extent). This is not a standard tool, so you will need
to add it. See instructions on previous page for customizing toolbar.

zoom in or out at a fixed amount or to draw a box around the area that you
want to see in more or less detail. The new map will be drawn so that the
area you drew the box around is in the middle of the map display.

The fixed zoom in/fixed zoom out tools work like the zoom tools when you
click them rather than draw a box. Each time you click, you will zoom in or

I_@ Using the other (non-continuous) zoom tools, you can click on your map to
o
am
< w | outa fixed amount.

The pan tool works like the continuous zoom tool when you right click on it.
.;E\"'"Il;u Think of the pan tool as a sticky hand. Left click on your map display, hold
the mouse button down, and shift your map. Your extent (amount zoomed
in or out) stays the same while your map moves.

The full extent button will zoom in or out so that all of your active

O (checked) map layers can be viewed. You can also zoom in to a single
layer by right clicking on the layer in the table of contents and choosing

“zoom to layer.”

‘ The previous extent buttons allow you to return to the extent you had
before using one of the zoom tools. The next extent button allows you to
‘ jump forward an extent (after you have used the previous extent button).

Identifying Attributes of Features

The points, lines, and polygons that make up map layers are all map features that
have attributes stored in a table. You can access this information in several
different ways. Using the identify tool click on a map feature in the map
display. An “identify results” box will display all of the information known about
that feature. Notice the layers dropdown menu. The default in ArcMap is to display
information only about the top-most layer.
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4d  Showing Map Tips

Map tips are small text boxes that appear when
you hold the cursor over a map feature. You can
determine which value in your attribute table is
used in the map tips. Double click on your
shapefile name in the table of contents and, from
the Layer Properties dialogue, make the Display tab
active. Put a check mark in the “Display Map Tips”
box. To change the primary data field, make the
Fields tab active and choose a field from the
“primary display field” dropdown menu.

Genial| Souce | Seiecton Disolay | Symbobogy | Fiekds | Defirion Dusty | Labels | Joms & Fetses |

7 Gvoms Mo T s [ gy iy ]
[ Sgale symbols when a relerence scale is 1t

Tiarspuent 0x

Featae Evchmen
The folowing festures sie e

Feshae I | APSSTCO|

Selecting Features ’@
You can also use the select features tool to identify

Selection Options 2l x|

~ Interactive selection

‘when pou select features by dragging a box with the Select Features

tool or uging the Select By Graphics command, how do you want
features to be selected?

attributes, either by clicking on a particular map
feature or by drawing a box around the feature(s)
of interest. The selected features should become

% Select features partially or completely within the box or graphic(s)

highlighted with a blue outline. Right click on the
map layer that contains the feature(s) of interest
and go to “open attribute table.” This table
includes all the attributes of all the features in that
layer. In order to view just the selected feature(s),
click on the “selected” button at the bottom of the
table. You can also highlight a feature on the map
by clicking on a row in the table. You can change
the selection color from “options...” in the selection
menu. It is also possible to use different colors for
each layer. Double click on a map layer, or right
click and go to “properties.” Choose the selection
tab and then select the last radio button, “Show
selected features with this color.” This will only
change the selection color for this map layer.

Changing Map Symbols

" Select features completely within the box or graphic(s)
" Select features that the box or graphic are completely within

V' Clear the selection for invisible layers when a new selection is made

Selection tolerance: |3

pixels [QP B O

— Selection Color

Chooze the color you want selected features to be shown with by
default.

—Warring Tl | Mo Color

pDispIeDDDDDDDD
seec IEOOODOOO

II' or ‘Switch
an this threshaold:
OEEECOO0EE

v Save

ReccpmEEODEE
ENEEEEEN
EEEEEEN
ENOOOOD
EEOO
m
[ ] ]

.

] ceneel |

ooood

EENOEEENCOO
EEEONEEEEO
EEEOEEEEEC
EENOEEENDC L

HE
mO
|||
HE
HE

More Calors.,..

ArcMap has many options for changing the way your data are displayed. Some of
the simplest options involve the choice of color, fill pattern, and shape (for point
data). To make changes, click on the map symbol in the table of contents. The
symbol selector window that opens will look different depending upon the type of
layer: point, line, or polygon. For points, you can choose a different marker from
the default (which is a circle with a black outline). When you choose a new marker,
the default size jJumps from 4 point (quite small) to 18 point (quite large). You can
find many more symbols by clicking on “more symbols.” Remove the check mark
next to one of the categories of symbols if you find that it is not helpful (to reduce
the amount of scrolling necessary to find appropriate symbols).
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symbol Select

or

Categay

Al

Sand

2

whetlands

Glacier

‘Water Intermittent

Swamp

Reservair

Mangrowe

Snowfield/lce  10% Simple hatch

L
B

10% Didered
Stipple

O
u

Linear Gradient
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FEill Coler

| I

Outline Width:  |0.40 _l:
Qutine Color ||

]

Propetties
More Symbols -

Save
P

Beset

Cancel
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You can change the color, size, and angle
using the options on the right of the
window. The “reset” button will undo any
changes you have made to the symbol
since opening the symbol selector window.
For lines, the options are similar. For
polygons, you have choices about the fill
pattern, fill color, and outline color. The
properties button will give you additional
options (and often too many options) but
may be helpful in fine-tuning the
crosshatch and ordered stipple patterns.
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Managing & Saving Files

ArcGIS can integrate many different types of data into maps. The most common
forms are tabular data and geographic data, but you may also use various images.
Through ArcMap, you can create additional types of files, including map documents
(.mxd) and map layers (.lyr). Naming and storing these files in a consistent manner
will make your work with ArcGIS much easier.

=E
=121 x]
DE@ERY smaIo (e A HU[@B2 0 -3 &

3 Microsoft Excel - holc_loans(300)

Tabular data
Tabular data includes things like comma-
delimited or fixed width text files, Excel B0 | =[-tane)

|E Fle Edk view Insert Format Took Dats Mindow Help

25-A &

28-A [

33-G 9.

36-D |139,138

38-8 1
1
1
5
2

38-C
30-A
16-A
40-C

oo e | | | e [0 [

523, 524

worksheets, ACCESS files, and dbase files. T T (o —
This is where you store attribute data, such [z TP 5 oo
Bazin 1706 S 26th 5t Bs 3300
Pallard 1008 South 16th Street Bs 2800
) . Puchan 164 Laurel St MNF 2100
(.dbf) files, so frequently you will need to T T e
12 |Chalfant 757 W 40th St ¥es5 6100

; Rozsa 2085 E Somerset St es 1800
3 |Schaffer 2544 W Bancroft S5t ¥es5 1900
| 4
as census data. ArcMap can only work with g S |1m e e e 0
. . | 7 |Hollander erey St yes
comma-delimited text (.txt) and dbase 8
|10 1226 S Wilton St yes 1200
convert your tables to one of these formats [« s ems vas uon e s / Tl
. . Draw ~ %5 | Autoshapes - o - A
before adding it to ArcMap. Lol el ‘

Geographic data

Geographic data are unique to GIS programs because they allow you to create
maps by locating them in real world coordinates. Shapefiles are the standard
format for geographic data in ArcView, but you can also use tables that contain X
and Y coordinates (for point data) or convert geographic files in other formats into
shapefiles. Shapefiles are made up of three or more separate files that all need to
be located in the same directory in order for ArcMap to recognize them as parts of a
shapefile. (Note: shapefiles are used for vector GIS data. Raster GIS data are
stored in files that are more similar to images).

Images

ArcGIS allows you to import and export many different types of images. The
images you import may be scanned paper maps, aerial photos, or other pictures or
photos that you “hot link” to your map features. ArcMap can import a wide range of
file types. You can also export finished maps in ArcMap in a number of formats:
EMP, BMP, EPS, TIFF, PDF, JPEG, CGM, JPEG, PCX, and PNG.

Map Documents

z2ixi| If you save all of your work in ArcMap (by

= = @B going to the file menu, “save” or “save as”),
eathDstress QIS 022202 @Jsertiont0s you will create a map document (.mxd).
Do Eishoods D aceomarts This file will save all of the work you have
:‘nTt:;t:eunsoz %g:fo—;f;;f done, including the data you have added and
S itchensink ERacialCompostion the changes you have made to layer
i properties, symbology, and the layout. This
4] LI mxd file does NOT save all of the data you
Flegame: | L 2= || included in your map. Instead, it includes
Files of type: [Archap Documents [~ ac) o] Concel | information about the location of those files

B Oz espEEiay | on your computer (or network, or Internet)

and the formatting changes you made.

10
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This means that you cannot move the data files you’ve included in a map document
without running into problems. It also means that map documents are difficult to
transfer from one computer to another.

> Toras SRR
Bl Edt Vow nsort Selection Tooks Window Help

If you do move one of the files used in your Soraer eyl elwy Adew
map document, that layer will be shown e | P[4 7 [ o[t | 5
with a ! next to it and will not draw when Wﬁ °§§
you open your map document. If you click CEr— x
on the grayed out check mark beside the e 2.2 alnidiE 2
layer name, ArcMap will bring up a dialog E:Zj?‘:’u

21 vn_resichbarhoads. she

asking where you moved the file.
Navigating to the file in its new location
and clicking “add” will solve the problem,
but this can be time-consuming (and e 1

- . . Show o |Foanre clazses =] Cancel
frustrating) and is best avoided. - —

Using Relative Paths
One way to minimize problems when

Data Source Options x| you move files that are part of an
— ArcMap document is to use relative
: [m ] paths. If you specify that you want to
 Store relative path names Cancel | use relative paths, ArcView will be able

to find the pieces of your ArcMap
document if you move it or its
components. From the file menu, go to
“map properties” and click the button
“Data Source Options.” Choose the
radio button “Store relative path
names.”

Map Layers ‘('f}

In addition to saving the entire workspace with a map document, you can save an
individual map layer (.lyr). This file will store all the formatting changes you have
made to the layer. This is particularly helpful if you want to use the same layer,
with the same symbology, in another map document. As with the .mxd file, the
lyr file only includes information about the formatting and the path to the original
data (generally a shapefile). Moving your original data, or moving the .lyr file to
another computer, will create problems.

Naming Files

Giving your files clear and consistent names will make working with ArcMap much
easier. You need to develop your own naming convention that makes sense to you.
ArcGIS can work with file names that are more than 8 characters, but really long
names can be difficult to view. ArcGIS can also work with files that have spaces in
their name, but this will create problems if you work with the Spatial Analyst
extension. Your file names should help you distinguish the content and version of
your data.

11
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EI{:l Phila_Poverty
=5 Geography

& phila_blocks_census,shp Storing Files

-] phila_rails.shp The most important thing in storing files for ArcMap is

< phila_strests.mxs to think through a system BEFORE you start, so you

Bl phila_streets.shp can avoid moving files and disabling your map

& philacounty.sh . .
P il documents and layers. Consider creating a new
@} public_housing. lyr

{8 public_housing.shp directory for each new mapping project. Keep all map
] vp_neighborhaods.shp | documents in that directory. Create subdirectories for
=0 Images tabular data that are not associated with geographic
--E HOLC_map files, geographic data, and images. Keep map layers
- NTI_map. tif in the subdirectory for geographic data.
=] Tables

- G&] Poverty_2000.mxd

Geodatabases

With ArcGIS, ESRI has introduced a new geographic data model called a
geodatabase. Geodatabases allow for topologically integrated features, similar to
coverages used in Arclnfo, and define rules for the behavior of different types of
objects. This provides a much more sophisticated approach to storing and
managing data than using directories and subdirectories and works particularly well
for sharing data.

12



Cartographic Modeling Laboratory ArcView 9 Manual

Shapefiles & Vector Data

Vector GIS

Vector is the most common model for GIS data used in the social sciences. It uses
points, lines, and polygons to represent map features. Vector GIS is excellent for
representing discrete objects, such as parcels, streets, and administrative
boundaries. Vector GIS is not as good for representing things that vary
continuously over space, such as temperature and elevation.

Shapefiles E %

ESRI created the shapefile format in order to
represent vector GIS data in a simpler format
than their coverage format used in Arclnfo. As
with other formats of geographic data, shapefiles
link information about the location and shape of
the map features to their attributes. Shapefiles
are made up of three or more files that need to
be stored in the same directory in order for
ArcView to recognize them as shapefiles. Other
GIS programs will allow you to use shapefiles, but
geographic files from other GIS programs must
be converted to shapefiles before ArcView can
read them.

.shp - the file that stores the feature geometry (point, line, or polygon)

.shx - the file that stores the index of the feature geometry

.dbf - the dBASE file that stores the attribute information of features. When a
shapefile is added as a theme to a view, this file is displayed as a feature
table.

.sbn and .sbx - the files that store the spatial index of the features. These two files
may not exist until you perform theme on theme selection, spatial join, or
create an index on a theme's shape field.

.pjr — the file that stores information about the projection. This will only eX|st for
shapefiles with defined projections.

The shapefile stores information about the
shape of the map features, describing them
in the “shape” field of the attribute table as
point, line, or polygon. It also stores
information about the real world location of

Folygor

: Edit
Fuinl. 2.68526e-+008 273763

Shape Type

each vertex that makes up the map features. Pt 2652 06 23118 (9] nae
- - - - . oint: 2. e
Using this information, ArcView can calculate Pir: 27071 Se+006 270340 [¥]eee
area and perimeter for polygon features. |,
[~ Update Shape Athibutes

oK | Cancel |
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Adding Shapefiles to ArcMap

You can add shapefiles to ArcMap in several ways. From ArcCatalog, you can click
and drag shapefiles right into ArcMap (click on the file name in ArcCatalog and hold
down, dragging to either the table of contents or map window and letting go). You
can also add shapefiles from ArcMap using the “add data” button or from file
menu go to “add data.”

Topology

On of the biggest complaints about the shapefile format is that it does not contain
information about topology. Topologic formats (like coverages used in Arcinfo)
contain detailed information about the relationships among features in the same
map layer. This allows for a variety of operations to ensure the integrity of lines
and polygons and to carefully edit and create new geographic features. In creating
the shapefile format, ESRI intentionally created something that is simpler than
existing topologic formats for desktop (rather than professional) GIS users.

14
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Adding XY Data

ArcView 9 Manual

Sometimes you will need to map a 5 Atmibute EIEIEE =101.x]
H H ORGANIZATI X _COORD | Y_COORD
tablethat JUSt has X and_ Y Coordlnates Araminga Development Corporation 7510261 3999045
|dent|fy|ng SpeCIfIC |OcatI0nS but no “Vorktown Community D evelopment Corporation 7515637 3357555
H H H H H H Peaple's United Community Organization, Inc. 7517951 3393573
Shapeflle aSSOCIated Wlth It. Thls mlght Raphael Heights Homes, Inc. -75.13548 40.00001
occur because a GPS (global Canol Park Community Council, Inc. 75.22659 399714
H'Y H H Camphor Council for Community Development, ne. -75.23303 39.96863
pOSItlonlng SyStem) Unlt was Used to |ntercormmunity Action, [ne. -7R.21344 40.03184
collect the data or because that is the Perspective Homes Insight Inc. 75.22348 39,9293
H Campus Boulevard Corporation 1] 0
Way _a prlvate Vendor has Chos_en to Philadelphia Chinatown Development Corporation 7515604 39.9554
dIStI’Ibute the da.ta A table Wlth X and Fresh Start Community Development Corporation -75.15883 39.9428
H H H Talenting Community Center and COC 7516289 3992897
Y_CO(_)rdlnates IS mUCh e_aSIer to A Faith Community Development Corporation 7017432 4003783
distribute than a shapefile, because it Fem Rock-Ogontz-Belfield COC 7514107 4003628
H H H Foplar Enterprige Development Corporation -7h.15E8 3996611 =
is smaller,. does not |.nvolve m_gltmle - [ ;IJ
flles’ and Is not ArCVIeW_SpeCIfIC' Fecord: ﬂﬂl D_Plﬂl Show:W Selectedl Records [0 out of 75 Selech

X

A table containing % and ¥ coordinate data can be added to the
map az a layer

Choose a table fram the map or browse far another table:

IExport_D utput j

— Specify the fields for the > and ¥ coordinates:;

# Field: ' Field:

|x_cooRp =l |v_cooro |

— Spatial Reference

Description:
Unknown Coordinate System ﬂ

i o

I~ Shaow Details Edit... |

Ok | Cancel |

15

In order to map the data in ArcView, the X and
Y values will need to be included as separate
columns in a dBASE or delimited text file. You
can add the table to ArcMap just as you would a
shapefile (with the “add data” button), but you
do not need to add it to ArcMap in order to map
it. From the tools menu, choose “Add XY Data”
and browse to the table with the XY data.
ArcMap will probably find the appropriate fields
in your table; otherwise, use the dropdown
menus to indicate the fields containing the X
and Y values and click “ok.” As with shapefiles,
tables with XY data that you acquire may be
projected. If XY coordinates are in the form
shown in the table above, they are unprojected.
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Raster Data
cells in raster layer
Raster GIS

Raster data use grids made up of regular cells
to represent spatially continuous data. Each
cell is assigned real world coordinates and an
attribute value (such as precipitation level or
elevation). The user defines the cell size,
allowing for very fine or course raster
surfaces. Even when the cell size is very
small, you can see the individual square cells
when you zoom in.

In order to work with raster data in ArcView, you need the Spatial Analyst
extension. When raster layers have the same size cells, their values can be added,
subtracted, multiplied, divided and queried using map algebra (a system developed
by Dana Tomlin).

P /T Raster GIS layers are essentially images
4 -'“R‘* ' ﬁs i made up of individual pixels, just like
' e i Qa ‘ a scanned paper maps and aerial photographs.
= = You can add raster data to ArcMap just as
.J' - you do vector data, using the “add data”
Tk : button menu option when the Spatial Analyst
N : extension is available and is turned on. If
‘hrox the raster data have no spatial information
{i (for example, a scanned map that has not
"'F'J i 1—4{—” , been georeferenced), ArcMap will not be able
RS bl R HE to display it with other map layers.

Magnification: 1000% [Live]

W
}

ArcMap saves raster layers in its GRID format. ArcCatalog recognizes GRIDs and
other image formats (including BMP, JPEG, TIFF) as raster layers. Images with no
extension (such as “denst8” show below, left) are GRIDs. If you view a GRID
outside of ArcCatalog, it will consist of six or so files within a directory (see below,
right).

Raster Data in ArcCatalog Raster Data in My Computer
= nages ' -loix|
D a In I :";':e- J File Edit “ew Favorites Tools Help |
‘E tlltmal:l.l:lml:l J <aBack = = - ‘ @Search (3 Folders @H\story ‘ FERLPEA
@ deaths ]IZIEI | address |27 densts | @
H = ™I p—
@ densks "C] (I [#] dblbd. ac KB ADF File
T i s8] bl alf LKE ADF File
™ i i denst8 [=log LKE File
@ 1P=Q.1Pg sta‘adf LKE ADFFile
= H Select an item to view its B wi01001.adf 601 KB  ADF File
@ nEWgrldl: 1 :I description. e8] wom 00132, adf SKE ADF File
_i_ B See also: >4 |
@ SFaEEQ |6 object(s) |6EIG KB ‘Q‘ My Computer 4
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Working with Projections

Projections manage the distortion that is inevitable when a (mostly) spherical earth
is viewed as a flat map. All projection systems distort geography in some way—
either by distorting area, shape, distance, direction, or scale. There are dozens of
different projection systems in use since different systems work best in different
parts of the world and, even within the same parts of the world, GIS users have
different priorities and needs. The tools for working with projections in ArcView 9.0
are more advanced than in ArcView 3.x, particularly in their ability to re-project
layers with different projection systems “on the fly.” They look different from the
projection tools in ArcView 8.3, although they essentially do the same thing.

Recognizing the Coordinate System

Map layers can be drawn according to a geographic coordinate system or projected
coordinate system. Geographic coordinate systems indicate location using longitude
and latitude based on a sphere (or spheroid) while projected coordinate systems
use X and Y based on a plane. As long as computer screens and printed maps are
flat, projected coordinate systems will be more appropriate for working with GIS
data. Often you will not know the coordinate system used, particularly if you inherit
data or download it from the Internet. If you are lucky, the map layer will include a
.proj file which contains information about the coordinate system. You can look at
the information in this file—the detailed spatial reference information—by clicking
on the “general” tab of the layer properties from ArcMap. Alternatively, you can
click on the “fields” tab of the layer properties from ArcCatalog, click inside the
“shape” field and click on the “...” button to the right of “Spatial Reference.”

If there is no projection information, you can Map e
the data to determine its coordinate system. If S e I

the map units displayed in the gray bar below i

your map are in degrees, seconds, and minutes, £
then you know the data are in a geographic
coordinate system. You may also recognize this
because your maps look distorted. For example,

when Philadelphia map layers are in a geographic

o1 - F ECE A R
oy

coordinate system, the image appears to be
sagging to the east. Map layers in geographic
coordinate systems are sometimes described as
“unprojected.” Map layers downloaded from the B T — —
US Census Bureau are generally in this format.

Working with “Unprojected” Layers

In most cases you will want to convert unprojected map layers—those with a
geographic coordinate system—to projected map layers. There are two steps
involved in this process. First, you must create a .proj file “defining” the map layer
as uprojected; then you can “project” the map layer using the projection of your
choice. You can access the tools for doing this by clicking on the ArcToolbox icon

a inside ArcMap. Click on “data management tools” and then “projections and
transformations.”

17
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To “define” the coordinate system for your unprojected map layer, click on the
“Define Projection” wizard. First you will be asked to choose a data layer. If you
added the relevant map layer to ArcMap, you will be able to find it in the dropdown
menu. Otherwise you will need to click on the folder icon to locate your map layer.

Then you can choose the coordinate system using the button. Click the “select”

button on the Spatial Reference Properties, then choose “Geographic Coordinate
Systems,” “North America,” and “NAD 1983 Datum,” then click “okay.” You should
not notice a difference in how the map layer is drawn as a result of defining the
coordinate system. But as a result of defining it, there is now a .proj file associated
with your map layer and you can look at the detailed spatial reference information.
Before you define a layer as unprojected, ArcView will refer to it as “assumed
geographic.”

Browse for Coordinate System @
Look in |@ Coordinate Spstems j H = il e

Mame: |Geugraphic Coordinate Systems Add

iy [Em T e [ T ¥ o Show of lype: |Spatial relerences j Cancel
S - Ao (R S i

In order to project the map layer, click on the “Project” wizard. If you are
projecting a shapefile, use the “Project” wizard listed under “Features.” If you are
projecting a raster image, use the “project” wizard listed under “raster.” As with the
“define” wizard, you will be asked to specify the map layer. Next, because you will
be changing the original layer, you are asked to name the new layer that will be
created. By default, ArcView will add “_Project” to the original name. Click on the
button to the right of “Output Coordinate System” to choose your projection. Click
on the “select” button on the Spatial Reference Properties, then choose “Projected
Coordinate Systems.” Now you need to choose your projection. For relatively small
areas like Philadelphia, the differences in projection systems (the distortion in
shape, area, distance, direction, and scale) are minimal. You are best off choosing
whatever projection system is most commonly used. In Philadelphia, that is State
Plane 1983 (feet) Pennsylvania South. For the Philadelphia MSA, consider UTM zone
18N. After making your selection, click “okay.” ArcView will indicate that there is a
“Datum conflict between map and output.” In order to map your newly projected
layer, create a new ArcMap document.

Working with Projected Map Layers

Sometimes the map layers you receive will already be projected but won’t carry a
.proj file so you don’t know the projection. If you download the data, be sure to
read any metadata files that may contain information about the project. If someone

18
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has sent you the map layers, ask them about the projection. If these approaches
fail, try mapping the data. You may recognize that the data are projected by the
units showing in the gray bar below the map. If they are not in longitude and
latitude, they are probably projected. As you work with a particular projection
system, you will come to recognize the map units and range of coordinate values.
For example, State Plane coordinates for Philadelphia are generally in feet and look
like 2691607.78, 246268.98. UTM coordinates will be in meters and look like
486850.72, 4430095.19.

When you add a shapefile to ArcMap that the software recognizes as being
projected but has no .proj file, ArcMap will usually warn you that spatial reference
information is missing. Data that are projected but missing spatial reference
information will look fine when they are drawn, but you may not be able to use
ArcView’s “on the fly” projection capabilities, measurement tools, spatial join, or
geoprocessing functions.

& One or mare layers is missing spatial reference information, Data from those layers cannok be projected.

If you know the projection, you can use the “Define Projection” wizard in the
ArcToolbox. You will need to select the projection from the “Projected Coordinate
Systems.” If a map layer is already projected AND defined, you can change the
projection using the same tool. You will need to add the reprojected map layer to a
new ArcMap document in order to see the results.

24| Defining Projection for Data Frame
e St | e e, || 1deally, you will know and will specify the

Data Frame Properties

llumination | Grids | Labels
ot coodie projection of each of your map layers.
O =1 | S Alternatively, you can set the projection for your
Data Frame for your map document. All of the
. map layers listed under the Layers icon in your
Lol o | table of contents are in the same data frame (you
:S T can have multiple da.ta frames in the same map
© O St o s :l g document, alth_ough in mos_,t case_s you will
= 1 s E probably have just one). Right click on the word
) BT e “Layer,” go to Properties, and make the Coordinate
[l | e ierates) System tab active. From here, you can choose a

coordinate system (State Plane 1983 is in the
“Projected Coordinate Systems” folder inside the
“Predefined” folder).

ok | cancel | aeeb |
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Troubleshooting with Projections

If you are unable to draw your map layers together or if your distance units do not
make sense, you are likely experiencing a problem with projections. If you are not
able to figure out the problem, you may want to show your shapefiles to someone
with more GIS experience. It is easy to get confused while using the “Define
Projection” and “Project” wizards, and frequently the more you try to fix the
problem, the more mixed up your projections get. Stay calm and don’t be ashamed
to ask for help. You may also have luck returning to your original files (be sure to
keep a copy of the originals before messing with the projection).
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Georectifying Images

ArcView 9 Manual

Georeferencing allows you to convert a paper map into a GIS map layer.
Essentially, the process assigns X and Y coordinates to points on your digital map
image, shifting, rotating, and scaling your map so that you can view it as a map

layer along with your shapefiles.

Create a raster image

Scan your paper map. The higher
resolution, the better. ArcMap can
handle pretty big files, and it can work
with lots of file types (.jpg, .tif, .bmp).
If you have a choice, go with .tif.

Add map image

Add your image to ArcMap just as you
would a shapefile or table, using the
button or from the file menu, choose
“add layer.” Depending upon the size
of your image, a dialogue box will ask
you if you'd like to add pyramids. Click
“OK.”

Create pyramids for Hillier_Ffigurel Eif

This raster data source does not have pyramids. Pyramids allow
far rapid display at warying resolutions.

Please choose an option, then click OF.

&+ Build pyramids.
" Do not build pyramids.
" Always build pyramids and don't show this dislog in the future.

= Never build pyramids and don't show this dialog in the future.

Help |

Don’t worry if you get a warning
message that your image lacks
projection information. The name of
your image should now appear in the
table of contents and draw in the map
view window. At this point, your image
is in “pixel space” since there is no
coordinate information.

Add reference layers (shapefiles)
Choose an existing shapefile that
contains spatial information that will
help you georeference your paper map
(choose more than one, if necessary).
You need a shapefile that covers the
same extent as your paper map and
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that contains several points that you
can identify visually on your paper map.
In the table of contents, put your
reference layer(s) on top of your map
image and highlight the reference
shapefile. Right click and choose “zoom
to layer.” From the view menu, choose
toolbars - georeference. From the
georeferencing menu, choose “fit to
display.” Now your reference layer(s)
should draw on top of your map image
in the view map window.

Add control points
Click the “add control points” button.

CE=1l

Create your first control point on your
image by clicking once on a point you
can also identify on your shapefile.
Then click on the shapefile in the
corresponding spot. Double click to
create a control point. You may find it
easier to use the magnifier window
(from the window menu, choose
“magnifier”). Create additional control
points. After doing this two or three
times, your paper map should shift
significantly to line up with the
shapefile. Continue to add control
points as long as doing so improves the
alignment.
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View Links
Click on the “view links” button to view
the coordinates of each of the control

points you’ve created.
/
G~ S E

The “residuals” column indicates the
amount of error. You may improve the
alignment of your image by deleting the
point(s) with the greatest error.

ik | ®Souce | YSouce | HMap | Y Map [ Residual ﬁl
0.341123 3339748 206097T.EE1I06  2433/9.021156 160177508
2816111 3046702 27OT93GTIGEST  ZIERES2THTIE 122696780
4058123 B165402 2707743428025 2P0G1B24B843  2MOSI07
3204733 3087143 DBJ4500G36057 237130841223 45556129
2.926575 3693241 3653838193 Ed

Li
1

2
3
1
5
3

£l 12
¥ Auto Adust  Transtormation: [1st Order Polynomial (Affine] =] Total AMS Enor: [1733.50033

Load.. Save..
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If you have six or more control points,
you can perform a second order If you
have six or more control points, you
can perform a second order
transformation; if you have twelve or
more control points, you can perform a
third order transformation.

Rectify Image

In order to permanently save the
transformation, choose “rectify”

from the georeferencing menu. ArcMap
will create a new image (rather than
changing your original data). Check
the ArcMap Desktop Help if you want
information about choosing a
resampling type.

You don’t have to rectify your image. If
you want to revert to your original (un-
georeferenced) image, from the
georeferencing menu, choose “reset
transformation.”
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Displaying Point Data

ArcMap offers a wide range of colors and symbols for representing your point data.
The real strength of a GIS is in allowing you to use different symbols to represent
different values, linking your attribute data to your spatial data.

Single Symbol W
The default in ArcMap is to represent all
points with the same size, shape, and color B
symbol. This is how ArcMap will display your  [&™ .
point shapefiles when they are first added to | .
a map document or when you create them Lot ppeigresto e syl el siets [———
through geocoding or adding XY data. Open
the layer properties (double click on the T e °—|
shapefile name or right click and go to &5

“Properties,”) and click on the “Symbology”

tab. In the box on the left side, “single T ] oo |
symbol” will be highlighted.
You can change the size, shape, or color of the symbol by clicking on it, but as long
as “Single symbol” is selected, all of your points will appear the same.

General | Source | Selection | Display Symbalagy | Fields | Definiion Quey | Labels | Jains & Felates |

[Draw all features using the same symbol. Impart...

Apply |

[ mmied et Lt ] -

T — unique Value

m- L TWR| - Unique value allows you to use a different
&l - 1 symbol for each of the points in a
it shapefile. This can work well for small
. files (10 or fev_ver points) but_ can quickly
* 3 \ be overwhelming for larger files. From
28 bs the symbology tab, click on “categories”
aa ol

(under “Show:"), and “unique values.”
£ | Using the “Value:” dropdown menu,

g i select the field with the values you wish
. ) . to use to represent your points, and click
e e o TR 2 “ the “Add All Values” button.

ArcMap will list a symbol for “<all other values>" that you can remove by taking
away the check mark. You can change the individual symbols by clicking on them.
You can make changes to all of the symbols, or selected symbols (hold down the
shift key to select two or more) by right clicking. To remove a value, right click on it
and choose “Remove Value(s).” Use the black arrows on the far right to move
values up and down (the order here will be the order your values appear in the
legend on your map).

Graduated Symbol

Graduated symbols allow you to have different size symbols to represent different
attribute values. With the symbology tab active, click on “Quantities” and then
“Graduated symbols.” From the “Values:” dropdown menu, select the field with the
values you wish to use. he default is five categories, so five value ranges
represented by different size dots should appear below. Use the “classes” dropdown
menu to change the number of categories.
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There are many ways to break up value
ranges into categories. The default is
“Natural Breaks,” which uses Jenks
optimization to identify grouping of
values that minimize within group
differences. To change this, click on the
“Classify” button and use the Method
dropdown menu to choose a different
classification system. You can also
adjust the cutoff points by moving the
blue vertical lines in the histogram
below that show the frequency of
values. Alternatively, you can change
values manually on the previous screen
by clicking on them (you will only be
able to change the ending value).

Bl

ArcView 9 Manual

For more on symbology, see Getting to Know ArcMap, Chapter 5, “Symbolizing

features and rasters,” pp. 83-114.
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Displaying Area (Polygon) Data

The symbols in ArcMap can be used for any type of data—points, lines, or polygons.
The following symbology schemes work particularly well with area (polygon) data.

Graduated Color \ayer PropEriEg 2]
You can use different colors—or ahzrv.j.awl Source | Selection | Displey  Symbology | Fields | Defition Guery | Labels | Joins & Relstes |
different shades of the same color—to Featres Prem asoionue ol o hom vaves. [
represent different values to create - o— lhl E'Nll%kﬁl
choropleth maps. From “Layer Do -
Properties,” click on the Symbology o —

tab. On the left side of the screen, T e e

Click on " Quantities and “Gradiiated - B

Color.” Choose the field with the £ | N 0 05579533 - 0139544471 0.08EE3 - 01398

values you wish to use. Use the

“Classes” dropdown menu and the T St e g g st vl

options in “Classify” to change the

number of categories or method for [0 ] oo | ow

breaking values into categories.

You can normalize a value in order to transform it into a rate using the
“Normalization” dropdown menu. For example, in order to show the percent of
households receiving public assistance, normalize the total number of households
receiving public assistance by the total number of households. Choropleth maps are
best used to represent rates rather than raw counts since raw counts can look
deceptively large for large polygons (alternatively, you can create new fields in your
attribute table corresponding to rates).

Color Gelector |
Caolar | Propetties | il
| —
— B0
g | 3 |50 %
W 3] %

_

| [ [ | o]

Fill Patterns

21
You can use different patterns in addition to, or w10 2| [
instead of, using different colors to represent Sod  Veuuew  bourt

different values. Patterns are particularly helpful 7/

when you are restricted to printing maps in black Wabees Sumo mow W
and white. Choose “Graduated Colors” from the I 7 s
Symbology tab and select the field with the values Goe  Soommies 1085 o 1
you want to display. Set the number of classes and i

the method of classification, so that you are happy SRR 0o e =
with the value ranges. Then click on the symbols and u L Moot |
change the fill using the symbol selector. Click on e ek _sne. | _ten |
the Properties button to fine-tune the fill pattern. JL ] e ]
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Graduated color works best when you use the same
shade of a single color, with lighter shades representing
lower values and darker shades representing higher
values. But keep in mind that it may be impossible to
distinguish between more than four or five shades of the
same color, depending upon the quality of your printer.
To fine-tune colors, go to “more colors” when choosing a
color from the symbol selector. Here you can play with
the hue(H), saturation(S), and value(V).
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. Dot Density
Genstal] Sauce] Seecton| Display Symboloy | Fiss | Defon Qs Label| Joins & il | Dot density maps use randomly placed dots
Fe el e sl 2= |11 within polygons to represent different values.
Foreo j_l T M- I They provide an alternative to using
b | [B14% — | choropleth maps to represent raw counts,
=] L although it is important to remember (and
communicate to anyone reading your map)

U e that the points do not represent precise

} : locations, as they do in a point layer. To

create a dot density map, open the Layer

Properties and make the Symbology tab

= 1 == | = || active. Click on “Quantities” and “dot
density.”

From “Field Selection,” choose the field you wish to use as the basis for the map.
Counts (such as the total number of households on public assistance) are
appropriate for dot density maps, but averages, medians, and rates are not.
Choose your dot size, or keep the default (which is advisable, at least to start).

The “Min,” “Mean,” and “Max” boxes will give you a preview of how your map will
look. The “Dot Value” indicates how many units each dot represents. Change this as
needed to create dot densities that have enough dots to show variation but not so
many that they are all on top of each other. You can change the color of the dot by
clicking on it under “Symbol” in the top right part of the screen. Checking “maintain
density” will ensure that the dot density looks the same as you zoom in and out (by
making the dots bigger and smaller).

Pie Charts

Charts are good for showing multiple values
and the relationship between values on
different variables. Pie charts are especially
good for showing proportions. For example,
individual pie pieces can be used to show the
breakdown in race for the population in a
census tract. For the pies to work, you must
be able to put every person into a racial
group, or you must use an “other” category.
=" Pies contain a lot of information, so it can be
difficult to display them clearly.

To create pie charts, click on “Charts” and “Pie” from the Symbology tab. Holding
down the shift key, select the fields that you want to include. Make sure that
together, they add up to 100 percent (you may need to create and calculate a new
“other” field in your attribute table before using charts). Click on the “Background”
button to change the color or fill (“Hollow” or white backgrounds might be best, so
that you don’t have too many colors in your map). If you check “Prevent Chart
Overlap,” ArcView will use “leader lines” to indicate where the pie charts belong if
there is no room to display them within the map feature. Click on the Properties
button to make adjustments to the look of the pie (3D, rotation, height).
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Bar/Column Charts

Bar charts can be used to compare values on
two or more variables that do not represent

proportions (they don’t have to be subsets
that add to 100 percent). For example, the
map on the right compares the total
population by block group to the total
number of households. To switch from

column (vertical) to bar (horizontal) charts,

go to Properties on the Symbology tab of
Layer Properties and switch the radio butto
under “Orientation.”
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Click on the Size button if you want to
have different size pie charts
depending upon the total (such as
total population). If you choose to
“Vary size using a field,” you may
need to exclude records with a zero
value. To do this, click on the
Exclusion button and, using the
appropriate field name, create an
expression such as “[TotalPop] = 0.”
You may need to play with the
minimum size on the previous screen
to make the maximum size pie chart a
reasonable size.
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Labeling Features

Labeling features in ArcView can be frustrating and tedious, but labeling
features well is important to making your maps readable, so it's worth the
effort to learn.

Using Text Boxes to Label Features
You can place text on a map in order I

to label map features. This can work
well if you only have_ a few map Display [Source ]

features to label. Click on the button Mew Text
marked “A” on the drawing toolbar. J Drawing * W (=) | O~ Al~ = ||f-‘~rial
This will bring up four buttons. —
Click on the “A.” Click on your map where you want your text to appear and
type your label in the text box. Hit the enter key, or click your cursor outside
the text box to complete. You can move the text around using the “Select
Elements” Etool. Double clicking on the text will bring up the Properties,
where you can change the size and font (using the “Change Symbol” button).

A%

The callout text tool . works similarly, except

that it allows you to place your text away from \
the map feature while still indicating what is
being labeled. Click on the tool and then click on | Council District4 |
your map feature. Before letting go, youcan | ———— N
move the cursor to where you would like the label Sl D L_—Amr

to be. Type your label. Using the “Select Items”

tool, you can move the text box so that it is

closer or further from the map feature.

A third option is the spline text tool.
fIﬁiI This allows you to write text along a
curved line. This works well for
labeling rivers and curvy roads. Click
on the spline tool, then click on the
starting point for your label. Continue
to click along the curve (you don’t
need to make many clicks) and double
click to finish. Then type your label in
S, the text box. You will probably need to

try this several times to get a label
with which you are happy (just click
on the label with the “Select
Elements” tool and hit the “delete” key
to delete a label).

&
2y i

28



Cartographic Modeling Laboratory ArcView 9 Manual

Manually Placing Labels

Using the label tools in ArcMap, rather than the text tools, allows you to use
the values in a layer’s attribute table for your labels (in other words, you
don’t have to type the label out as you do with the text tools). By manually
placing labels, you also avoid having your labels act as a group, which means
it’s easier to move or edit a single label. Before you can use the label tools in
ArcMap, you need to indicate which field in the attribute table of your map
layer you want to use as the basis for labels.

From Layer Properties, click on the “Labels” tab. Leave the “label features in
this layer” box empty. Choose the appropriate field from the Label Field
dropdown menu. Click on symbol to change the size, style, or font for your
labels. (Guessing what size to make your labels is difficult and you will
probably need to make small adjustments after seeing what works).

Using the “Placement Properties” button, you can instruct ArcView what to do

about duplicate labels. Lo moperies e — 2%
Gereral | Souree | Selection | Disply | Symbology | Finkds | Defiriion Queny  Labels |.Ini-bzx Firkates |
I [t Festuaes i thes layed

The “Scale Range” allows you to ot [Tl eraes e e =

instruct ArcView when to draw or not PO S—

draw labels, depending on the extent. g =

In order to do this, you need to know — e

the exact scales you’ll be using (so men: Sk

you probably just want to leave this — —

alone). The “Label Styles” button ST || [k |

gives you access to some fancier label

options. The highway labels are N

particularly helpful.

et X Now you can use the label tool to manually label your
[ —— map features. Click on the button marked “A” on the
ek drawing toolbar and choose the “Label” tool [9]. The
7 Lse propeties sa fo the featue lger “Labeling Options” window will open. Decide if you
o want ArcView to decide the best label position or if you
lss} @ j want to determine that yourself. The “Choose a style”
k:;;;“:z”smm radio button gives you access to those fancier labels
County again. You can move these labels (using the “Select
\BbYy. waBbyyZz Elements” tool) and change their size and style
:BB;;Z ;Hb:; (double click to bring up Properties). You can delete a
= label by clicking on it and pressing the delete key.

Auto Labeling

You may find it easier to automatically label all of your features. This saves
time if you are happy with the way the labels look, but it offers you much
less control over the label placement. When you automatically label features,
the labels are “dynamic” so changes you make to one (moving it, changing
the style) are made to all. To label your map features automatically, go to
Layer Properties, click on the Label tab, and put a check mark in the “Label
Features in this layer” box. You can also label automatically by right clicking
a map layer and going to “Label Features.” To delete your labels, you’ll need
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to return to the Label Properties box and remove the check mark from “Label
Features in this layer” box or right click and go to “Label Features.”

e 21z
Converting Labels to Annotation o -
One solution to the problem that dynamic labels ——
present for fine-tuning is to convert them to =

. . . .. e G p—— I a1 m
annotation, so that they function as individual text — =Eissssanis.

boxes as they do with manually placed labels. To
do this, right click on your map layer after labeling  cwcn
it and go to “Convert Labels to Annotation.” Bngia

o ] owew
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Designing Map Layouts

Displaying data so that you can analyze spatial patterns on a computer
screen is one thing; printing out a map for other people to look at is another.
ArcMap thinks of these as distinct functions and makes available a series of
tools for designing map layouts that you don’t need until you are ready to
print.

Layout View

When you open ArcMap, you are in “Data
View” and use the Tools toolbar to navigate
your map. When you switch to the Layout
View, you have access to a different range of
tools and use the Layout toolbar to navigate.
To switch to “Layout View,” click on the icon
at the bottom of your map display that looks
like a piece of paper (next to the globe icon)
or, from the View menu, go to Layout View.

Layouk Wiew

In Layout View, you get a much
| better idea of how your map will
L T o

look when it’s printed. ArcMap will
automatically place a border (“neat
line”) around your map. You can
change this by right clicking on it

* addData...
% cut bl
Copy Chrl4+C

X pebte Dokt (so the line is turquoise and
WY oyt T G e perforated) and going to
e “Properties.” Click on the “Frame”

s :ﬁ Ungroup,

.| | tab. From here you can choose a
ol ,| | different style or color frame (to
e »| | getrid of it altogether, choose “no
»
»
3

Graphic Operations

o color” from the color selector).
You can also change the
background color and add a
shadow (to add a shadow, you'll
need to change the X and Y offset
to something other than 0).

Distribute

Fuotate or Flip

To make your map larger or smaller on the 'g %
page, you can use the zoom tools on the Tools |g )
toolbar or on the Layout toolbar. The Layout 28 =)
toolbar also includes a pan tool that you can w <+—Tools toolbar 5]
use to move your whole layout. To move just @ &
your map (and not the whole page), use the - Layout toolbar—» Ed
pan tool in the Tools toolbar. The fixed zoom ;ﬂ
tools in the Layout toolbar work like the ones A r
on the Tools toolbar. The “Zoom to whole (1] =
page” button E] is especially useful. “
7 lac
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Insert Selection Tooks| ONe€ the biggest differences in Layout View is that many
more options in the “Insert” menu become active. These

£ DataFrame options allow you to add elements—including a title,

fr] Title legend, north arrow, scale bar, and image—to your
A Text layout. Each of these will be separate objects in your
— layout that can be moved and resized through their
g Meatine... Properties. You won'’t see any of them if you switch back
i3 Legend... to Data View since they are meant to clarify printed
i Morth Arraw... maps, not help you interpret your map on screen (in fact,

the layout view is probably more confusing to look at

from the screen because it adds so many elements and

usually shrinks your map). You can add text in the Layout

lsf] Pickure... View, but you are better off trying to label features from
Obiect... the Data View, using the label or text tools.

== Scale Bar, ..

iz Scale Text,.,

Working with Grids and Rulers

You can bring up a number of options aimed at helping you to place the
objects within your layout by right clicking in your layout outside of the neat
lines. From “Options,” you can specify ruler units and turn on and off rulers
and grids when the “Layout Options” tab is highlighted. Choosing to “snap”
to the grid or rulers will help you to line up objects, but it will also limit your
ability to make fine-level adjustments.

Adding a Title

To add a title, from the Insert menu go to “Title.” Type your title in the text
box and hit the enter key or click the cursor outside the text box. Double
click on the title to bring up the Properties where you can make changes.

Adding a Legend

Unless your labels are able to fully explain your map features, you will want a
legend on your layout. ArcMap gives you great flexibility in formatting your
legend, and all the choices can be overwhelming. To add a legend, from the
Insert menu go to “Legend.” Your first choice is what map layers you want
included. ArcView will guess that you want to include all active layers.

This may not be the case if you have
layers such as a county boundary, rivers,
or other obvious features that don’t need A s

to be included in the legend. To remove a e | [ 1|
layer from the legend, click on its name [ 3|
on the right side of this first screen and
click on the “<” button. The order your
layers are listed under “Legend Items”
will correspond to the order in which they Setthe punber o ot myou sgens [T =
appear in your legend. To change the

order, click on the name and hit the up or poven|

down arrows (don’t worry; this won’t
affect the order in which they are drawn).

(- Choose which lapers you want to includs in your lsgend
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If you want more than one column in your legend, make the adjustment
here. To see what your legend will look like (before working your way
through the rest of the screens), click the “Preview” button. If you are
satisfied with it, you can click the Finish button and skip the other steps.
Otherwise, click the “Preview” button again and click “Next.”

On the second screen of the Legend Wizard, you can give your legend a title
or leave the word “Legend” as the title (or just leave it blank). The third
screen allows you to create a frame and shadow around your legend (not
necessary, but depending upon your layout it may be helpful, particularly if
you gave your layout a background color). On the fourth screen, you can
change the symbols and symbol size used to represent lines and polygons in
your layout. On the final screen, you can make adjustments to the spacing
between items in your legend. Click “Finish.” To make changes after you
have created your legend, double click on it to bring up Properties.

Adding a North Arrow N e

You may decide that a north arrow is N N N

not necessary (unless you choose to %};' A }\

rotate your map so that north is no ESRINath1  ESRINethZ  ESRINothd

longer towards the top of the page; in y "

that case, it is definitely necessary). ‘¢’ i A

If you do wish to add a north arrow, s e e

from the Insert menu go to “North . - N

Arrow.” Choose a style from the w$5 %@ %

“North ArrOW SeIeCtor” (preferably ESRI Noth 7 ESH\N:rthB ESRI North 9 &I
something simple, and small). You N e T
can move it around on your layout by (E nt\ w‘(},g e Besel
clicking on it. Double click to change ® =l _Cered |

the size or style.

s Mwﬂ—[' Adding a Scale Bar
st | wiine | s | woin | 851 2 A TO add a scale bar, you must identify the
N . N
woon appropriate units for your map. You can set these
| . .
! from the Data View or Layout View. From Layout
s View, right click in the layout (anywhere inside the

neat lines), go to Properties, and make the General
tab active. From the map units dropdown menu,
choose the units used for the original map
projection (see “Working with Projections™). Once
this is set, you can choose any display units you
o] == | s || want.

To add your scale bar, from the Insert menu, go to “Scale bar.” Click on a
style and hit “OK.” Your scale bar should appear on your map. You can move
or resize it by clicking on it. Double click to bring up the Properties, where
you can change the number of divisions as well as the font size (by clicking
the Symbol button or from the format tab).
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Adding Scale Text

You may wish to include a text
description of the map scale,
particularly if this is important to your
audience and you deliberately chose a
scale (as opposed to maximizing the
size of your map based on the size of
your page). To add scale text, from
the Insert menu go to “Scale Text.”
Double click on the scale text in your
layout to bring up the Properties,
where you can make changes to the
format and units.

Rotating a Map

Scale Text Selector

ArcView 9 Manual

21

1:1,000,000

Ahsolute Scale

1 centimeter equals 0.352778 kilom

Centimeters = Kilometers

1 centimeter equals 352.778483 me

Centimeters = Meters

Tinch equals 1,157 407407 feet
Inches = Feet

1inch equals 0.219208 miles
Inches = Miles

Tinch equals 385 802469 yards
Inches = vards

1 unknown unit equals 0.219206 un
Fielative Scale

1inch equak 0210206 miles

Properties
Mare Styles <
Save Reset
Cancel

You can rotate your map to better fit the page or to make it easier to read
(just because you can do this doesn’t mean it’'s a good idea). If you do this,
make sure that you have a north arrow on your map. As you rotate your
map, your north arrow will adjust to indicate which direction is north. From
the View menu, go to Toolbars (or just right click on a gray part of the GUI)

and Data Frame Tools.

Click on the “Rotate Data Frame” button, then click and
hold down on your map, moving your map to change the
rotation. To restore the original orientation, click on the

“Clear Rotation” button.

34

A

& &




Cartographic Modeling Laboratory ArcView 9 Manual

Using Map Templates

Using map templates can save you time and lead to greater consistency in
your printed maps. You can use ArcMap’s custom templates or design your
own.

Opening map templates i
If you are going to use a map template, you : :
need to decide this before you start adding data
to your map document. When you open
ArcMap, choose to start using ArcMap by
clicking on the template radio button in the
dialog box. The templates listed in the General

and Industry tabs provide empty layouts while :,ﬂ,,l - -
those in USA and World tabs also include map = i
layers.

Choose a template by double clicking on its name or clicking once and hitting
“OK.” Don’t worry if the template includes colors or elements that you don’t
want. It only provides a starting place and you will have the opportunity to
customize it.
If you have turned off the opening dialog box
Lok re 5 Teres 7] & @ o - (by putting a check in the “Do not show this
i) %t:ﬁ:::mpe dialog again” box when you opened ArcMap
o o ———— previously), go to the File menu and “Open.
- el Al From the “File or type” dropdown menu,
i choose ArcMap Templates (*.mxt). Navigate
o | — to ArcGIS’s template f_older (probably
B — 3 I—Icm c:\ArcGlS\arcexe82\Bin\Templates) and
] s e choose a template. You can’t preview the

templates if you access them this way.

A

Using map templates

If you selected a map template that contains no data, you must add one or
more data layers to your map document. Once you do, the legend and other
elements of your layout will be automatically created based on the template
design. Make changes to the data frame (which contains your map), legend,
scale bar, and north arrow from the Properties dialog boxes (right click on
any of these and go to Properties). You can also move the elements around
(click and hold down) as needed. Notice that when you use map templates,
ArcMap opens in Layout View. You can still switch back and forth to Data
View using the | @ | [y | buttons.

Using inset map templates e —

For the map templates that include insets, you'llneed =~ = ..
to add at least two layers. When you open one of -
these templates, you’ll see Layers 1 and Layers 2 — &l || o
listed in your table of contents. By having two & ?E,@
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separate groups of layers, you can have two maps in

your layout.

This might be two different maps or the same map at different extents.

Right click on “Layers” and go to “Add Data” to select the map layer for the
main map in your layout. Then right click on “Layer 2” and, from “Add Data,”
find the map layer for the inset map.

Creating your own template

T w4 YOu can create your own map template by
e ENE L e modifying an existing custom template or
i starting from scratch. Once you have
:m:;f'“":“ﬂﬂ created a layout that you would like to
e reuse, go to the File menu and “Save As.”
::m:f r From the “Save as type” dropdown, choose
e “ArcMap Template (*.mxt).” If you are not
P [ Ls==_1| in the ArcGIS Template folder, navigate to
stcio AL T 2 == 1] it (c:\ArcGIS\arcexe82\Bin\Templates).

Give your template a name and hit “Save.” Your new template will appear
under the “General” tab when you choose to start using ArcMap with a
template (You must save your template in the Templates folder in your
profiles location in order for it to appear under the “My Templates” tab. If
you create a new subdirectory in the Bin/Templates folder, your templates
will appear under a new tab with the name of your subdirectory).
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Making Inset Layouts

You may need to create a printed map that includes more than one map,
either because you can’t fit everything (such as Alaska and Hawaii) on your
main map or because you want to zoom into a small area for your main map
and indicate on a smaller map what area that covers.

Adding Group Layers

Most of the time you will only need one data frame in a map document.
Working with data frames can make your map document complicated and
prone to crash. But if you need to include more than one map in your layout
(including the same map at a different extent), you’ll need two or more data
frames. When you open ArcMap, you’ll just have one data frame (called
“Layer™) and every map layer you add to your map document becomes part
of this frame. To create a second data frame, from the Insert menu go to
“Add Group Layer.”

#* addData... To add new data to a particular data frame, right
ag Mew Group Layer click on its name and go to “Add Data” or highlight
- Chrler its name and use the Add Data button (or,
B posts Layer from the Insert menu, go to “Add Data”). If you
% Remove want to move a layer to a different data frame
_ once it is in ArcMap, right click on it and go to
Set Reference Scale « . . .
Copy.” Then right click on the name of the data
Zlear Reference Scale . @
frame where you want to move it and go to “Paste
Zoom To Pisference Sczle Layer.” To remove the original copy of the layer,
Advanced Drawing Optians... right click on it and go to “Remove.” The layers in
Comyert Labels bo Anmobation, . only one data frame can be displayed at a given
% Conwert Features to Graphics. . time. It does not matter which one is listed first in

the table of contents; it matters which one is
active. To display the layers in a data frame, right
click on its name and go to “Activate.”

Properties. ..

Creating Extent Rectangle

If you want to have an overview map that
shows on a larger map the outlines of the area
your detailed map includes, you'll need to
create an extant rectangle. To do this, follow
the instructions above to create two map
layers: a detail layer and an overview layer.
Zoom in on your detail layer in the map view
and resize it in the layout view so that it looks
the way you want. Then right click on the
overview layer in your table of contents. From
“Properties” click on the “Extent Rectangle” tab.
Move your detail layer from the left to the right
side. Click on the “Frame” button to make
changes to the outline of your box.
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Exporting Maps

If you just need paper copies of your maps, you will probably have the best
results printing them from ArcView. But if you need to insert maps into
Power Point or word processing files, will need to export your maps.

Exporting Maps

You can export a map from ArcMap when you are in Data View or Layout
View. However, if you want your exported map to include titles, legends,
scale bars, north arrows, and anything else you added to the layout, you’'ll
want to export from Layout View. From the File menu, go to “Export Map.”
There are many options for export formats in the “Save as type” drop down
menu.

.EMF: If you are working with vector data and need to import a map into
Power Point or MS Word, .emf works very well. The one drawback is that you
must have ArcView installed on the computer where you open your .ppt or
.doc or your map symbols may be corrupted. These files will probably get too
large to work with if you have raster data.

.PDF: The .pdf format allows you to open the map directly (without inserting
it into PowerPoint or MS Word) as long as you have Acrobat Reader. This is
probably the best option if you need to send someone a map or post a map
on the Internet.

JPG: The .jpg format will compromise the quality of your image, so be sure
to click on the “options’ button when you export and increase the resolution
to at least 200 dpi. The .jpg format is good because it stores your map in a
fairly small file and, unlike .emf, your map will not be compromised if you
open it on a computer that does not have ArcView installed.

.TIF and .EPS: The .tif and .eps formats work well if you are going to open
your maps in a graphics software package, but they result in larger files.

Screen Capture: If all else fails, you can take a screen capture (print
screen, or alt + print screen) and crop the image, but this will not result in a
presentation-quality map.

Inserting Maps into Power Point

Save your map as an .emf. With Power
Point open, go to the Insert menu,
“Picture,” and “from file,” then Navigate to
you map image and click “Insert.” You may
notice that there is a lot of white space
around your map. Eliminate this using the
crop tool. You must have the map image
active (click on it so that you see small
squares at the corners). Click on the crop
tool and crop the image by clicking on
one of the small boxes and dragging the i i -
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cursor (if you do this without having the crop tool active, you will shrink the
whole image). You are probably better off creating map titles in Power Point
rather than ArcView. Also, if you are making a map specifically for Power Point,
consider making the legend larger than usual (14 points or more) so that your
audience can read it.

You may encounter problems exporting maps to PowerPoint if you try to
show the PowerPoint presentation on another computer if it doesn’t have
ArcView loaded. Your markers (the dots and squares used to represent points
on your map) may come up looking like # and other strange symbols. This is
because your exported maps are relying on the ESRI typefaces to draw these
markers correctly. If ArcView isn’t loaded, those typefaces are not available
and PowerPoint comes up with the closest approximation from other
typefaces. There is no good way around this problem. If you use .pdf files or
screen captures, you can avoid the problem but will sacrifice image quality
and flexibility.

Inserting Maps into Microsoft Word

You will have greater control over the placement of your map if you import it
to Power Point first, then copy it into Word. From Power Point, click on your
map image and hit the copy button (or Ctrl + C). In MS Word, hit the paste
button (or Ctrl + V). You can move your map around by clicking and
dragging it or by using the arrows on the right side of your keyboard. Hold
down the Control key while using the arrow keys to make small moves
(“nudge”). You can crop your map in MS Word. From the View menu, go to
Toolbars and “Picture.”
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Working with Tables

£8 Attributes of vp_neighborhoods E =100 x|
Attribute Tables for Shapefiles T E—— e T -
Every shapefile has an attribute table 1 fobsen 2frozen Saueee
associated with it. You can open the table S en oo o
by right clicking on the shapefile name and & Fobaen ? Finerhans S e
going to “open attribute table.” The table will £ Foben e
have as many rows, or records, as it does oo o Lenter By
map features. The total number of records o =i
will be shown at the bottom of your table. i HEEE
here can be any number of columns, or e Foban 1o Tases ot
fields. Two are standard: FID, the feature ‘ O ket | 3
ID, and Shape, which can be point, polyline, |, g s s [ _sekcted | ocards B out o 203dectd)

or polygon. The rest of the fields will vary.
There should be a field that identifies each map feature with a unique name, such
as a census tract number or neighborhood name. There may be additional fields
identifying attributes of the map feature (type of crime at a particular address,
number of people living in a census tract).

Other Attribute Tables

Often you will have attribute data in a table separate from your shapefile. For
example, you may have a census tract shapefile with no attribute information and a
table with all of the 2000 census tract data. ArcMap can read dBase (.dbf) and
comma-delimited text tables (.txt), but will allow editing for only .dbf tables (you
can convert .txt tables to .dbf in EXCEL, SPSS, ACCESS, or in ArcMap).

You can add attribute tables to ArcMap just as you do shapefiles, using the “add
data” button or, from the file menu, “Add Data.” When you add a table, ArcMap
will switch the table of contents from the “display” to “source” tab. You can only
see tables listed when the “source” tab is active. Open the table by right clicking on
its name in the table of contents and going to “open.” Your table should have at
least one column that contains geographic information. This might be a street
address, X and Y coordinates, census tract number, zip code, or other identifier that
will allow you to match the information in your attribute table to map features in a
shapefile.

EH Attributes of Bikes =0l x| E5 Attributes of kgr34000sfitrt I [=] 53]
oD NAME ADDRESS 0ID | STATE [COUNTY| TRACT|  STFID POP2000 | WHITE | BLACK |-
» 0] Bicycle Therapy 2211 South Street 3 034 01 000000 [ 34001000000 0 0 i
1|Bike Addicts 5648 Riidge Avenue 1[34 01 000100 | 34001000100 2058 1155 469
2[Bike Line 1028 &rch Sirest 2[34 ] 000200 | 34001000200 230 1935 a2
3[Bike Line 225 5 40th Srest 334 i 000300 | 34001000300 3424 1052 223
4|Bike Rack 1501 South 13th Sireet 4[34 001 000400 | 34001000400 100 1406 371
5| Bilenky Cycls Warks 5319 Marth 02nd Street 534 o1 000500 | 34001000500 234 5943 204
6 |Bustleton Bikes 9261 Roosevelt Blvd 634 i 001100 |34001001100 1883 82 1707
7|Eyele Sports 2327 Brown Shieet HED [iT] 001200 | 34001001200 3208 221 2706
8|Drive Sparts 2601 Penrylvania Avenu 8|34 i 001300 | 34001001 300 2112 163 1780
3 ey Redal RoveiBicy SI0EIGidEvenue 3[34 oot 001400 | 34001001400 4031 257 3233
10| Liberty Bell Bicysls Bk iond e [NENLT DOT500 | 34001001500 1957 128 1662
11 |Philadelphia Bicycles 826 Morth Broad Street 1124 o 001900 | 24001001900 2047 513 958
12| Trophy Bikes 311 Market Strest 12[34 [ 002300 | 34001002300 2785 383 357
S ialBicvele BB EoulhiShiStee: 13[34 001 002400 | 34001002400 2958 754 1410 7|
14 |'wWolff Cycle 4311 Lancaster Ave i I LI
Record: ﬂIL" 1 _’I M Shov: W Selected | Records (Qoutof 155 Recaord: ﬂl;" 1 _Dlil Shaw: W Selected | Records [0 out of 1950 Selected ] Optio
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You can work with tables—sort values, freeze columns, generate summary
statistics, select records, and export tables—without worrying about corrupting your
data. You cannot change any of the data in your table unless you go to “start
editing” from the editor toolbar... except to add new fields or delete existing fields.

Sorting Records

You can sort values in an attribute table by right
clicking on the field name and going to “sort
ascending” or “sort descending.”

Freezing Columns

Freeze a column (meaning that it will remain in
view even as you scroll) by right clicking on the
field name and going to “Freeze/Unfreeze Column.”

Summary Statistics

2

Frapuency Distibudion

10189 13564
11096

o 3386
1698

6792
5094

G490

Selecting Records

You can select a subset of your records to look at
more closely in a number of different ways. You
can highlight an individual record (row) by
clicking in the gray area at the far right side of
the table. To highlight multiple records, hold the
control key down. At the bottom of the table,
ArcMap will indicate how many of the total
records are highlighted. Click on the “Selected”
button to view only the selected records.

COUNTY

TRAITT STFIN

0m

Sort fecending

o0 = |

0m

000 & Sort Descending

0m

oao Summarize. .,

0m

oo
Calculate Walues., .,

0m

0oo

0m

00 & Statistics..,

POP20NN

Manual

0m

om Freeze/Unfreeze Column

0m

0m

0m

oo Delete Field

0m

001300 [ 33007007 300

42

0m

001500 34001001500

1957

You can obtain

A Attributes of tgr34000sF1krk E

(1]

STATE

You can bring up summary statistics for any
numeric field (numeric fields will be justified
right) by right clicking on the field name and
choosing “Statistics.
summary statistics on additional fields from
the drop down menu.

=10l

COUNTY| TRACT STFID

34

od1 000000 | 34001000000

—
POP2000 | WHITE f’
i 0

3

od1 000100 | 34001000100

2766

1155

3

og1 000200 | 34001000200

3230

1935

34

001 000300 | 340071000300

3424

1052

34

o0t 000400 | 34001000400

3100

1406

34

o0t 000500 | 34001000500

2541

943

34

o0t 001100 | 34001001700

1889

82

34

og1 001200 | 34001001200

3208

221

34

og1 001300 | 34001001300 21

2 133

34

ogt 001400 | 34001001400

4031

257

3

3

ogt 001500 | 34001001500

1357

128

B = e R PN P R =

3

ogt 001900 | 34001001300

2047

GEL|

4

Record: 14] 4 | 11 x|

Show: | Al Selected | Recards [7 out

il

of 1950 Selected |

You can switch the selection, so that all of the highlighted records become un-
highlighted and all un-highlighted records become highlighted. From the options

Switch Selection

menu, choose “Switch Selection.”

You can also select all records or clear selection from the options menu.

Exporting Tables

You may need to export your table from ArcMap, because you have made changes,
need to convert a .txt table to .dbf, or for any other reason. With your table open,

go to the options menu and “Export.”

Delete Field

You can delete a field by right clicking on its name and going to “Delete Field.”
ArcMap will give you a warning that the deletion is permanent and not reversible.
Do this with caution. Changes will be permanent not just within your map
document, but in your original file on your hard drive, as well.
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Converting Excel Worksheets to DBF Tables

Excel is not the only way to create new tables or to convert tables to .dbf format.
You can also use SPSS, ACCESS, or other statistical and database packages. But in
many cases, Excel will be the only software available for the job.

Excel can open a wide variety of formats, including delimited or fixed width text, Lotus, Quattro
Pro, and web pages. If you are working with one of these other formats and need to make
changes to your data in Excel, it is probably best to save the document as an Excel worksheet.
In order to add or edit a table in ArcView, it must be in .dbf format. When you save an Excel
document, you can choose another format using the “save as” options. But even if you choose
.dbf at this stage, you may encounter problems. For example, your new .dbf file may not
include all of the cells in your original file, or the columns may be formatted as strings rather
than numbers. Here are some things you can do to increase the odds of preserving your data
during the conversion.

1. Limit your column headings to 10

characters. Excel will let you have infinitely  EbaCEUEEEIRR ST =10 x|
long column names, but ArcView will shrink = File Edit Wiew Insert Format Tools Data
them. It's better to come up with your own Wwindow Help  Acrobat =] x|
gbbrewate_d names than to risk Iqsmg _ J D= | =) |ﬁ| e ?JE »
important information when ArcView shrinks

the names. JE

=
2. Check your columns to be sure that they

are formatted correctly as strings (left b7 I =] |
justified) or numbers (right justified). Also, i NAME | F'HD?BHAM| c 'Z
look for rows at the very top that may be 5 | Best
blank or contain data that are different from 3 |housa 5
the following cells. For example, you may 4 ltree 4
have a column named “programs” with 5 |sturnp B
values ranging from 2-10 for all of your B |grass g
cells, but the first cell is blank or has an 7 |dint g
“NR” for “not reported.” This column will be o o
formatted as a string when you convert to R AL & Attributes of Wednes =10 x|
.dbf and open it in ArcView, because .dbf 10 oiD MAME | PROGRAM
takes its cue from the first data cell in the ~t— b 0] Best
column. To avoid this problem, you can re- 12 \‘I—-h-auks 2
sort the data so that the blank cell is not on [T Ty T 2|tree 4
top, or you can put in an appropriate J s | “ [ 3| stump E
numeric value (such as 0 or 999 for missing 4 |grass g
data). You can convert a string field to 5| dirt |
numeric in ArcView, but it's easier if you B wam 8
start with the right format. 7 | spider 10
Record: EILII 1 _Irlﬂl Shu:uw:l_.

3. When you are ready to save your data, Define Name [21x]
highlight all of the cells that contain values anesjworbock

. . Anything [ o |
(including the column names). From the — | |

Close |
add

42 Delete |

|

Refers Fa:
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Insert menu, go to “Name” and “Define.”
Type in a name (type anything; it doesn’t
matter), click “Add” and “OK.” This
increases the likelihood that all of your cells
will be included in the new table.

Now you can save your document. First, save all changes in your Excel document. Then, from
the File menu, choose “Save As” and select “DBF4” from the dropdown menu. First Excel will
give you a warning that the .dbf format doesn’t support multiple worksheets and that only the
data in the top (active) worksheet will be saved. Click “OK.”

The selected file type does not support workbooks that contain multiple sheets,

& + To save only the active shest, click 0K,
+ To save all sheets, save them individually using a different file name For each, or choose a file type that supports
multiple sheets,

Cancel |

Excel will then give you a second warning message, because .dbf is very different from .xls and
some formatting may be lost. Just click “OK.”

‘“Wednesday3.dbf may contain Features that are not compatible with DEF 4 {dBASE I¥) . Do you wank ko keep the
workbook in this Format?

@ + To keep this format, which leaves out any incompatible features, click Yes.
« To preserve the Features, click Mo, Then save a copy in the latest Excel Farmat.
+ To see what might be lost, click Help.

Mo | Help |

When you close Excel, Excel will prompt you again with these messages, as though it is still
incredulous that you would choose any format other than Microsoft’'s. Humor the software and
go through these two steps again. As soon as you add your table to ArcView, look it over to
make sure that all of the data came through and are in the right format.
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Calculating Values in Tables

You may find it easier to edit your attribute tables outside of ArcView, but ArcView
has fairly sophisticated tools for calculating values. In ArcView, you can edit values
in an existing field or create a new field and calculate new values. Keep in mind
that you cannot change the format (text, integer, long integer) of an existing
column, so if you need to transform the format of a column, you will need to create
a new field.

Creating a New Field

To create a new field, open your table in ArcMap
(you can also add fields from ArcCatalog). This can .
be a free-standing table or one that is associated  Phie_2000 Hocks

with a map layer, but only .dbf tables can be Typeck fle:  DEF Fle

edited. Click on the “options” button (if you do not Opens with:  [F] Microsoft Excel for Windows _Change... |
see the options button, make your table bigger; it’s
in the lower right corner). Go to “Add Field.” If this _ 536 B (719,128 bytes)
option is grayed out, you do not have permission to Cmdty TR A s
edit the table. Most likely, this is because the “read
only” box is checked in the table properties. This
happens automatically when you copy data off a
cd. To change this, find your table on your hard-
drive (through Windows Explorer or My Computer, yﬁ

phila_zo00_blocks Propetties _ x|

General |

Lacation: CiiDocuments and SettingsiDennis Culhane\Deskk

Created: Friday, July 26, 2002, 10:52:01 AM
Modified: Maonday, October 22, 2001, 3:55:54 AM

Accessed: Today, Juby 31, 2002

i [ Hidden ¥ archive

not through ArcCatalog), right click, and go to T == [ 50
“properties.” Remove the check mark next to “read

only.”

From “Add Field,” give your field a name. Do not use ?,&,$,#,@,*,!,~ or spaces

and keep your field name to 10 or fewer characters. From the dropdown menu,
choose the type of field.

Short integer: numeric, no decimal place, up to 19 characters

T — * Long integer: numeric, no decimal place, up to 19 characters
Mo l— . - . -
e e - | Float: numeric, with decimal place, (default is one place before
w:f”ﬁ_ decimal and 11 after)
“ Double: numeric, with decimal place (default is 7 places before

the decimal and 11 after)
Text: numbers or letters, specify length (default = 50 characters)
Date: can include time and date
Blob: up to four characters; Boolean

I Caneel

Finally, determine the scale (number of places) and precision (number of places to
the right of the decimal point), or accept the defaults by leaving them O.

NOTE: You can also add a new field from ArcToolbox (under “Data Management
Tools”, then “Add Field”).
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Calculating Values Outside an Edit Session

To calculate the value of your new field (or an old field), right click on its name and
go to “Calculate Values.” ArcMap will ask you if you are sure that you want to
calculate values outside an edit session, warning that you will not be able to undo

your results. Say “yes.”

Field Calculator

‘fou are about o do a calculate outside of an edit session. This method is Faster than calculating in an edit session, buk there is
no way ko undo your results once the calculation begins. Do you wish to conkinue?

ArcMap will bring up the Field Calculator.
value is a constant, you can simply type the value
in the box at the bottom. More likely, your new
value will be based on values in other fields, so you
will need to use the calculator. You can create an
expression by double clicking on the field names.
For example, to calculate the percent of the
population 65 and up, click on the field name with
the total 65 and up, click on the “/” button, and
click on the field name with the total population. If
any of the records in your table are highlighted,
ArcMap will only perform calculations on the
highlighted records. You can also calculate values

Field Calculator
Fields Tupe

OWwWNER_OCC ‘] * Mumber
PerfSup
POPZ000

If your 2|

Functions

= String

RENTER_OCC
RURAL " Date
STATE

STFID -
4 I »
Peifbup =

[AGE_E5_UP] / [POP2000]

I~ Advanced

from ArcToolbox (under “Data Management Tools”,

then “Calculate Field”).

Calculating Values In an Edit Session

Start Editing

2=

Which falder or database do you want to edit data from?

Source

LD ocuments and Settingsh,
C:\Documents and S ettingsh.

4] I ®

These layers and tables will be available for editing:

Phila_2000_blacks =]

45

In order to make changes within an “edit session,”
you need to go the Edit toolbar and, from the edit
menu, choose “start editing.” You can only edit the
contents of one directory at a time in an edit
session, so you need to identify the directory that
contains the table you wish to edit. While this is the
more careful way to proceed, it is also more
tedious. If you do edit a table outside an edit
session, it’'s best to create new fields rather than to
edit values in an existing field, since you cannot
undo your work. With new fields, you can just
delete a field and start over if you mess up.
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Calculating Values on Selected Records

x| You can get an error while calculating values for many

different reasons. ArcMap will not allow you to divide by

& Eirernnna VEA code s LserintenBt | 2 er0, so if the denominator (total population in example
above) is zero for any of your records, ArcMap will not
calculate any of the values.
To get around this, you need to select only the records where the denominator is
something other than zero. Start by selecting the records with a zero in the
denominator (because there are fewer of these). Do this by right clicking the field
with your denominator and sorting ascending. Holding down the control key,
highlight all the records with a zero. From the options menu, choose “Switch
Selection” so that all of the records with non-zero values are highlighted. Now you
should be able to proceed with calculating values.

Editing Individual Values
You many need to edit an individual value rather than re-calculate values for a
whole field. To do this, start an edit session by going to “start editing” from the edit
toolbar. You will need to specify the directory that your table is in before you can
start editing (you can only edit files within one directory at the same time).

Open your table and, using the select elements save X
tool click on the value in your table you wish
to edit. When you are finished, go to “stop
editing” in the edit toolbar and say “yes” to Lt ] w | e
saving edits.

Do you want to save your edits?

=10j x|
Finding & Replacing Values - T T mih St
You can find and replace ; AT o T
values in a table £ ok Pack T S TG
systematically from the Elemmanhes |56 Raeen ot L]
options menu. In order to T o ooanevoce 3 x
replace values, you must be ﬁﬁ‘;.ﬁdh”‘i”f Fid | Repsce |
have started an edit session 2Ty bes | O 7 (e |
(from the edit toolbar, go to AWl e I__{";”" 3 l':Zﬂ::::::;wecwws] _coeel |
start editing”). reont s T s
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Calculating Area, Perimeter, and Length

Calculating Area

Usually there will be a field called “area” in a shapefile when you receive it that
indicates the area of each polygon map feature. If your shapefile is missing this
field or if you have edited the shape and size of the map features, you will need to
calculate area. Area can be especially helpful when you are trying to normalize
values and create densities (calculating persons per square mile, for example).

To calculate area, you must open the attribute

table associated with your polygon shapefile Fieid CakIEN 21
(right click on the name in the table of s Type flcons
contents and go to “Open Attribute Table”). e & Number
From the options menu, go to “Add Field.” A « Sting
Call your field “area,” choose “double” as the 'thape £ Date
style, and click “ok.” Right click on your new STATE
field and go to “Calculate Values.” Check A4 I
Fre-Logic WBA Script Code W Advanced

“Advanced” and type the following in the first —
text box: Dim phrea az lArea
Set parea = [shape]

) dblérea = parea.anza
Dim dblArea as double
Dim pArea as lArea
Set pArea = [shape] =

dbla
dblArea = pArea.area [

Type “dblArea” in the next box and click “OK”.

You can copy and paste this script directly from the ArcView help (or from this
manual). From the ArcView help menu, click on the “search” tab and type “make
field calculations.” Depending on the version of ArcView you are running, the
second entry that’s found will include this and other scripts.

Calculating Perimeter
As with area, you may inherit polygon shapefiles with a perimeter field. If not, or if
you need to recalculate it, proceed as you would to calculate area.

Open the attribute table, click on “Options” and
20 x| go to “Add Field.” Create a field called
Fields Type Functions “Perimeter,” choose “double” for the style, and
Eb;imw > i:““"’e' click “OK.” Right click on the heading of your
tring

FPSSTCD — new column and go to “Calculate Values.” Check
Feietr o “Advanced” and type the following into the first
i— text box:
Pre-Logic ¥BA Script Code ¥ Advanced

Dim dblPerimeter as double
Dim pCurve as [Curve

Set pCurve = [shaps]
dblPerimeter = pCurve. Length

Field Calculator

Dim dblPerimeter as double
Dim pCurve as ICurve

Set pCurve = [shape]
dblPerimeter = pCurve.Length

Perimeter =
dblPerimeter

Type “dblPerimeter” in the second text box and
click “OK.”
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Calculating Length
You may also need to calculate, or recalculate, the length of the line segments that
make up a line shapefile (such as streets or railroad tracks).
Open the attribute table, click on “Options” eld Cakle

and go to “Add Field.” Create a field called i _ :_”’N b
“Length,” choose “double” for the style, and Erhe o
click “OK.” Right click on the heading of your | " Date
new column and go to “Calculate Values.” Fie .
Check “Advanced” and type the following £

Pre-Logic VBA Script Code ¥ Advanced

Diirn dblLenath as double
Diirn pCurve as lourve

Set pCurve = [shape]
dblLength = pCurve.Length

into the first text box:

Dim dblLength as double
Dim pCurve as lcurve

Set pCurve = [shape]
dblLength = pCurve.Length

LEMGTH =
IdeLangth

Type “dblLength” in the second text box and click “OK.”

Spatial Reference Properties x| Changing UnitS
CostdnsteSptem | ¢ Damen ArcMap will calculate area based on the map
Name: |NAD_19&3_5taleF'\ane_Pennsy\vania_Suuth_F\F'S_B UnItS used for the prOjeCtlon In WhICh the
D etails: - - - -
Bl = shapefile is stored. For unprojected data, this
FEzeh oo e B is decimal degrees (not particularly helpful for
Falze_Easting: 1968500.000000 - - -
T understanding area). For projected shapefiles,
Standard_Parallel_1: 39.933333 .
Sandad Pkl 2 4 S the most common map units are meters and
e Coina Syden. feet. If you are not sure what units ArcMap is
e - [ heck the spatial reference properties
using, ¢ .
Select. Select a predefined coordinate system. . . .
TI .dmpn,t'a:;D,m.aslﬁ.;!alddtii{[z:w From ArcCatalog, right click on the shapefile
e name and go to “Properties.” With the
T “Fields” tab active, click on the field name
Madify. dire o
“Shape” and then click on the “..” next to the
Sram. || BuntoemtrnerEnmal “Spatial Reference” at the bottom of the Field

Properties. Look for the unit listed next to
“Linear Unit.”

ok | [CEenel | e

Most likely, your data will be in projections using feet or meters as the map unit.

To convert feet to miles (for perimeter and length), divide the area by 5,280. To
convert meters to miles, divide by 1,609.344. To convert square feet to square
miles, divide the area by (5,280*5,280) = 27,878,400. To convert square meters to
square miles, divide by (1,609.344 *1,609.344) = 2,589,988.110336. For more on

conversions, ViSit http://www.onlineconversion.com/length.htm Or
http://www.translatum.gr/converter/measurements.htm.
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Creating XY Coordinates

Adding XY Coordinates to a Point Layer

Just as you may need to convert a table with XY data into a map layer, you may
need to add XY coordinates to an existing layer containing points. You do this by
creating new X and Y columns and using a Visual Basic script to calculating the X
and Y values (coordinates).

With your attribute table open, go to options, e 2 x]
add new field called “X,” type “Double.” i Tope .
Right click at the top of your new column ABRVLABLE <] & Number
and go to “Calculate Values...” Check . C sig
“Advanced” and type the following in the first = [4-20r" ¢ Date
box (that says “Pre-logic VBA Script Code™): E -
Dim dblX As Double KN _>l_I
Dim pPoint As IPoint Pre-Logic ¥BA Script Code ¥ Advanced
Set pPoint = [Shape] oo
dbIX = pPoint.X Tl ]
Then type “dblX” in the smaller text box
(that says “X =”) in the text box directly

under the X field name. Click “ok.” Follow Xd;M
the same steps to create and calculate a Y !
field, changing the Xs in the VB script to Y.

You can also create XY coordinates for a point file in ArcToolbox (under “Data
Management Tools” go to “Features” to fine “Add XY Coordinates”).

You can check the new XY coordinates by mapping them. With you table open,
click on “Options,” and go to “Export.” Say “yes” and add the new table to your
existing map, then close the table. From the tools menu, go to “Add XY Data” and
select your table from the drop down menu (ArcMap will probably have done this
for you already). Click “ok.” Your table of contents should now show two identical
point layers.

Adding XY Centroid Coordinates to Polygon Layer
Adding the X and Y coordinates of the centroids of polygons is similar to adding X
and Y coordinates to a point layer. With your attribute table open, go to options,
add new field called “X,” type “Double.” Right click at the top of your new column
and go to “Calculate Values...” Check “Advanced” and type the following in the first
box (that says “Pre-logic VBA Script Code”):

Dim dbIX As Double

Dim pArea As lArea

Set pArea = [Shape]

dbIX = pArea.Centroid.X
Then type “dbIX” in the smaller text box (that says “X =”) in the text box directly
under the X field name. Click “ok.” Follow the same steps to create and calculate a
Y field, changing the Xs in the VB script to Y.
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% You can check the new XY

coordinates by mapping them.
With you table open, click on
“Options,” and go to “Export.”
Say “yes” and add the new table
to your existing map, then close
the table. From the tools menu,
go to “Add XY Data” and select
your table from the drop down
menu (ArcMap will probably have
done this for you already). Click
“ok.” Your table of contents
should now show a new point
layer that represents the centroid
of your polygon layer.
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Joining Tables

In GIS, you can link map features to their attributes, but only when your attributes
are in the same file as your geographic data. Often you will have attributes stored
in a separate table that you will need to join to a shapefile in order to display that
data. This is especially common with census data, when you will often obtain
census attribute data (SF1 or SF3) in files separate from the shapefiles for census
tracts and blockgroups.

Identifying a key

In order to join an attribute table to a shapefile, you will need to identify a field that
is common to your attribute table and the attribute table associated with your
shapefile. This field is known as a key, or unique identifier because it uniquely
identifies each record in your table and shapefile on which ArcView can join, or
match, your data. The values must be formatted in an identical way. If they are
not, you must edit one of the fields or create a new field and recalculate the values
so that they match perfectly.

B Attributes of phila_bgroups_census o |m] | At Ieft; the attribute
FID Shape* D | FipssTco| TRACT|GROUP]  sTRID | state||| table of a census tract
» 0| Palygan 114210 nooioo |1 421010001001 |42 shapefile contains
1|Palygon 2142101 aooioo |2 4210100001002 |42 H :
2| Palygon 34210 gootoo |3 4210100001003 |42 mUItIpIe f_lelds_that
3[Palygan 44210 oooion |4 42100007004 |42 uniquely identify each
4 {Polygon 42101 aooton |5 421000000008 |42 record: TRTZOOO,
5|Palygon B|42101 aooz200 |1 421071 0002001 42 TEID nd TRACTID
E|Palygon 74210 goozoo |2 421010002002 |42 S » a d C )
7 |Polygon 84210 goozo0 |3 421010002003 |42
2 {Polwgon 94210 ; e I" e - al x
T I ributes of racial/ethnic composition _| |_|
FID | Shape |ID|FIPSSTCO|TRACT|  STFID POPN | FAMILIES | HSEHOLDS |~
Becord: 14] 4 I 1 |k Show:l Al Selel* 0] Palygon 1(42101 o000 | 421010001007 174 36 1o
Lkl il —_ 7| Polygon 2[421m 000100 | 421010001002 465 3 28
2|Polygon 3[421m 000100 | 421010001003 728 75 528
. . 3| Palygan 4]4210 000100 | 421010001004 02 2 5
The table at rlght includes 4| Palpgon 542101 000100 | 421010001005 1230 128 783
; 5| Polygon £ 4210 000200 | 421010002001 250 pE] 3
several attributes of census & | Polygon 7]421m 000200 | 421010002002 953 233 0
tracts but cannot be mapped 7| Palvgan 5[42101 000200 | 421010002003 125 21 ]

til it is ioined t h fil 5| Polygon 5l421m 000200 | 421010002004 2 4 12
untl 1t 1s joined to a snapetiie. 5/ Polygon 10[42101 000300 | 421010003001 758 27 154
There are two fields that 10 Palpgon 1142101 000300 | 421010003002 132 5 )

) . ) 11 |Palpgen 12 (42101 000300 | 421010003003 1680 295 1031
uniquely identify records AND 12|Polygon | 13[42101 DD0400_| 421010004001 431 1 1
match fields in the census : 1|3 Palygon 14[42101 000400 | 421010004002 057 478 231I ~|
tract Shapeflle: TRACT and Record: EILII 1M Show:W Selectedl Records (0 out of 1816 Selected.) Dptions v|

STFID.
The field name doesn’t have to be the same in the attribute table and the shapefile
in order to join them; they just have to be formatted in the same way.

While you may perform joins on census data most frequently, you can join
attributes to shapefiles for other data: zipcodes, councilmanic districts, counties.
You can join on a name (such as neighborhood name, or the name of an
institution), although keep in mind that differences in spelling and spacing will keep
records from joining.
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Joining a table
To join attribute data to a shapefile, you

ArcView 9 Manual

Join lets you append addiional dats ta this layer's altibute table 0 you can,

must add the shapefile to ArcMap. Right
click on its name in the table of contents, go
to “Joins and Relates,” and then “Join...”
Choose “Join attributes from a table” in the
first dropdown menu. In the second
dropdown menu, identify the key you’ll use
in your shapefile. Next, choose the table
you wish to join (this does not need to be STAD =l
added to ArcMap). Finally, identify the key in
this table. Keep in mind that ArcView is not
checking to make sure that these keys
match, so you should double-check them (by
opening both tables) before performing the

Advanced Join Options x|
' Keep all records [default] ™ E1 ]
If a record in the target table doesnit have a ERE ER ERI
match in the jain table, that record is given [0 2] = |C| c |
rull values for allthe fields being appended f] o2
into the target table from the jain table. = [T |
Join table Taigst table T arget table
" Keep only matching records e
If & record in the target table doesn’t have a [B] 1] [E |
match in the join table, that record is 0]z = [T] (e11]
removed fiom the resulling target table e (o] 2]
Note: IF the target table is the atiibute table El
of alaper, faatures that don't have data i
joined to them wil not be represented inthe ——Join table Temesietle Targe table
layer when pou use this option.

for example, symbolizs the layer's featuies using this data
wihat d you wank ta join ta this layer?

[4cin attibutes om a table |

1. Choose the field in this layer that the join will be based on:

[sTFID ia|

2. Choose the table to join to this laper, or load the table from disk:

R

[tar34000f110t
¥ Shaw the attribute tables of layers in this list

3. Choose the field in the table to base the join or:

Abeut jiring data.. oK. Cancel

From “Advanced,” you can indicate what you
want ArcView to do if all of the map features
in the shapefile don’t have a match in the
attribute table, or vice versa. The default is
to keep all records, meaning that some map
features might have no values for some
fields. Individual records might not match
because of problems with the key or because
there are different numbers of records in
each of your files.

When you open your shapefile, there should be new fields that contain the data
from your attribute table. The new field names will include the name of the
attribute table from which it came. The join holding the data together is not
permanent, so if you add the shapefile to another map document, you will not have
the appended data. To make the join permanent, right click on the shapefile name,
go to “Data,” and choose “Export Data...” This works like a “save as,” so it creates a
new shapefile. Give your new file a name and location. The resulting shapefile will
have variable names that are much shorter than those in the table created during
the temporary join.
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Adding Hyperlinks

Hyperlinks allow you to click on a map
feature and bring up a relevant image (or
website) rather than just the attribute values
stored in your attribute table. Click on the /“E S5t Bt 2
map feature you wish to link with the
identify tool. Make sure that the “ldentify,
Results” table brings up information relati

to the right map layer. Right click on the

ArcView 9 Manual

Identify Results #

Lapers: |<Top-most layer:

|Location: (2670727 357472 273422.020039)

- finalholc

. Polygon
3
Hyperlinks o

Add Hyperlink. .. 2
Manage Hypetlinks. .. 1

TER E
AREALDOD 75114

text in the box on the left and go to “Add

Hyperlink.”

% HOLCoriginal3_(300)

B
File Yiew Page Zoom Help

¥ N

o [=[ 3]

= 5 8| &

Kodak For Help, press F1

& Bl &%

S A 3T

bl

20.60% P g

-\

f

If nothing happens when you click on the
hyperlink, you probably need to set or reset

From the “Add Hyperlinks” box, click on the
folder icon and navigate to the image you
wish to link. Click “OK” and “OK,” then close
the “ldentify Results” box. You should now
see a lightning bolt [Z] button in your Tools
toolbar (previously it would be grayed out).
Click on the lightning bolt and move the
cursor over your map. When the cursor is
over the map feature with the hyperlink, you
should see the path name for the image
appear. Click on the map feature and your
image should appear. You can add multiple
hyperlinks to the same map feature using
this method. To remove hyperlinks, from the
“ldentify Results” box, right click on the text
on the right and go to “Manage Hyperlinks.”

HOLCoriginal3_(300) Properties

21

General |5ummary| Preview |

the default program for opening the image.
Find the image file you were trying to link to
using My Computer or Windows Explorer,
right click on it, and go to “Properties.”
Check the program listed next to “Open
with.” If none is listed, click on “Change” and
pick a program (an image program or an
internet browser, for example). Click “OK”
and “OK.” To make sure the new program
can open your image file, double click on the
image file. If the software program opens
and displays your image, this should also
work for your hyperlink.
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IHDLCorigina\3_[3DU]

Type of file:

DOpens with

T x
Location; C:ADocu _I_I
Size: 18.8 MB Click the program you want ko use to open
. 'HOLCoriginal3_{300). ki
Sizeondisk:  18.8MB 1f the program is nak in the list, click Other,
Bistd Tuesday Choose the program you wank to use:
Madified: Monday, =l
Accessed: Today, &
Altributes; [~ Beac @,Imaging HIEED
ﬁlnternet Explorer
Microsoft Access For Windows
Microsoft Excel For Windows
— T R =l
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Adding Hyperlinks through Attribute Tables

If you have more than a few hyperlinks for a map layer, it might be easier to add
them using the attribute table. Create a new text field called “Hyperlinks.” Start an
edit session (from the Edit toolbar, go to “Start editing”). Type the full name of the
image file, including the path (for example, c:/esri/maps/image.tif) in the
appropriate record. Now you need to make the hyperlink(s) active. In ArcMap,
double click on your shapefile name in the table of contents and, from the Layer
Properties dialogue, make the “Display” tab active. Put a check mark in the
Hyperlinks box and, from the dropdown menu, choose the field that contains your
hyperlinks. Now you should be able to bring up the hyperlink using the lightning
bolt button.
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Geocoding Addresses

Geocoding refers to the process of transforming street addresses into map features.
In order to geocode, you need to have a table with addresses and a shapefile for
streets that matches the geographic extent of your addresses. Through the
geocoding process, ArcMap will create a new point shapefile by matching each
street name and number in your table to a place along a line segment in your
streets shapefile that represents a certain range of house numbers.

Preparing Tabular Data
In order to geocode, you need a table (.dbf or comma-

EH Attributes of Bikes

=10lx]|

[11D] NAME
Bicycle Therapy

Bike Addicts

ADDRESS
2211 South Stest
5948 Ridge Avenue

delimited .txt) that has a field with street addresses. If
the parts of the address—house number, street

Bike Line

1028 Arch Shiest

Bike Line

2265 40th Street

Bike Rack

1301 South 13th Street

Bilenky Cycle ‘Works

5319 Morth 02nd Strest

Bustleton Bikes

9261 Roosevelt Blvd

Cycle Sports

2327 Brown Street

Drive Sports

2601 Pennisylvania dvenu

Slw|m| | oo e wln] o] o

direction, street name, and designation/ type—are in
separate fields, you will need to collapse these into a 280 Pernghonis
single field. Having a separate field with the zip code ; e L
can also be helpful.

Jay's Pedal Powser Bicy

[~
=l
Recard: 1] 4] T2[3|  Show | &l Selented | Records (Datet 155

Creating an Address Locator
You also need a shapefile that includes information

 m aribuces of vz 101 -oixll about all of the streets in your area. A street
FEDIR| FENAME | FETYPE | CFCC| FRADDL | TOADDL|FRADDR TOADDR <« . . . .
T sl om0 s | centerline file is made up of line segments that
Pentridge: St Ad1 5300 5398 5301 5395 R
: lfﬁﬂ s el el we | represent certain ranges of house numbers. The
L e e 2 2 line segments also contain information about which
S Ruby St Ad1 1101 1193 1100 1196 -
e m m m e | Side has even and odd house numbers. In order to
Florence e Adl 5328 5342 5333 faxixd - .
s e w e o - nwne | pe able to use the street file for geocoding, you
e need to create an address locator from it. To do
Record: 14] 4 5738 »|m) ShuwW Selected | Fiecords (0 out of 42804 Select thiS, Open ArCCatalog, expand the Addl’eSS Locator

(click on the +), and double click on “Create New
Address Locator.” Choose “US Streets (file)” from
the list and click “OK.”
- @. Address Locators
& Create New Address Locakor

You can also use the US Streets with zone (file). This allows you to include zip code
along with house number and street. While this is a more careful approach, it will
generally make it more difficult to obtain a good match rate.

113

Hawe: Irgus Ak P

On the next screen, use the folder icon to browse for
your streets shapefile and click “add.” In the “Fields”
section below, ArcView may be able to identify the
appropriate fields on its own. If no field names
appear in the drop down menus, or if they do not
look right to you, you’ll need to identify these
yourself. The “Input Address Fields” section allows
you to identify the names for the field(s) in your
tabular data that contain the street address. You
don’t need to include the field name at this point.

e mit ot P

T

s
14

Prasary Lt

Pl das

Fuids
Mimean From Lot [0

Mo T Lnit:

Blumsan 1 m Tlghd

i B laght
Pont Unciem,
Fout 5
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Suit Dimcher,
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The “Matching Options” allow you to indicate the level of sensitivity for the
matching process. Essentially, ArcView needs to match the house numbers and
street names in your tabular data with information in the streets shapefile. If the
spelling of the street name is slightly different or an appropriate range of house
numbers cannot be located, ArcView will assign the match a less than perfect score
(100 is a perfect match).

ArcView can geocode based on street intersections in addition to specific house
numbers. In the “Intersections” section you can identify symbols (or “AND”) used
in your tabular data to indicate intersections. The “Side Offset” option allows you to
place points slightly away from the middle of the street centerline file. While
ArcView will know what side of the street your address falls on, your points will
appear to fall directly on the centerline unless you specify an offset. 15-20 feet is
adequate. Under “Output Fields,” if you check “X and Y coordinates,” ArcView will
add X and Y fields to the point shapefile with your addresses. Once you click “OK,”
a new address locator should be listed under “Address Locators” in the Catalog.
Once you have created an address locator, you don’t need to do it again (unless
you go to a new computer).

Geocoding Addresses

Geocode Addresses: Dennis Culhane.Phi 2=l
To geocode your addresses, you need to be in deiess able i
ArcMap. You don’t need to have your table with i“dj:i’mw =l =
addresses OR your street file in your map Stiet orIntersection: [spprEss %]
document. From the Tools menu, go to
“Geocoding” and “Geocoding Addresses.” In the
“Add Address Locator” screen, click on “Add” and
navigate to the “Address Locators” at the far right. ..
Double click, locate your address locator, click (‘fg:::‘;ti:n::f;::;:;;i:':;f:l:i:‘;;atwec‘ass
“Add,” then click “OK.” On the next screen, you Ot shonetle o foatus o
need to identify the table with your addresses, the [EbiE e ]
field that contains the street address, and a name Friafet ] =
and location for the new point shapefile that will be [
created. The “Geocoding Options” give you access Geosoding Dptiors._ |
to many of the same options available when you
create zn address IocaEJr. g | _Cees |
When you click “OK,” ArcMap begins the geocoding pemeerenen st =

process. The next screen indicates how well ArcView was s

able to match the addresses. You can review different Mt
subsets of the addresses (unmatched addresses, tinnetched S

addresses that matched below a certain score...) by e et 1 1101
checking the radio button and clicking “Match —

Interactively.” If you have thousands of addresses in your | © umasedaiese
address table, you may not be able to review all of the Cossam e B
unmatched records. But for smaller data sets it’s very € Alladimaons
important to review the unmatched records. If you didn’t " "= -
choose the “match if tie” option when you set up your _Geocodig Dptors. |

address locator, the addresses with candidate ties will R | [ Bty || [ Do

appear with the unmatched addresses.
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From here, you can change the address in
order to get a match/better match (don’t
worry, this only changes the address that
ArcView uses for geocoding; it does not
change the data in your original table of
addresses). To edit an address, simply click
in the text box “Street or intersection” and
make the changes, then hit the Enter key.
ArcView will list possible matches at the
bottom. Highlight the best candidate and

sttt sbers
Modty | || [READBIG TERMBIAL MARYET | |

O Cancidaes
Ecom | S [Labiom [ LafTe | Rigpsfums | Fighalo | Pral | Pl [ Snostiiams

T SnearTign [ 5t |

[ |

=] oo

click “match.”

Street intersections are the most likely to

I_#AB | Shape | Stahe | Score | Suie | ®

0 Ao T e M.

create ties in the matching process. In the
example at right, ArcView doesn’t know if it
should place the 10™ and Market point on
10™ Street just north or just south of Market
Street. Most likely, it will not matter for
your work. If it does, you are better off using

a house number and street, rather than an e e
intersection. Choosing the “match if s —
candidates tie” box in the geocoding options

\.NI||. help you avoid having to match these A T T ]
individually.

[Pt ¥ []

=
[ | Ianf sonfa Feconts fol 2

Srow o Ibervee suen

Moty | 1 180THI 11| [MARKET 15T

When you click “done,” a new point shapefile should appear in your table of
contents. If you open the attribute table associated with the shapefile, you will see
that the geocoding process added several fields to your original address table. The
“Status” field indicates whether the record was matched (M) or left unmatched (U).
The “Score” field indicates how closely the record matched the street centerline file.
The “Side” field indicates on which side of the street the address was matched. The
“Arc_Street” field is the address used in the match. This will be the same as the
original address unless you edited it during the “Interactive Review.”

Rematching Addresses
You can resume the “Interactive Review”
even after you've clicked “done” and stopped —s it

geocoding. This allows you to collect 22

sy Bdd X Data... B s ‘Geuiudng Resl; keCream_geocode

additional information about unmatched
addresses. From the tools menu, go to
Geocoding, Review/Rematch Addresses and
choose from the recently geocoded files.

You will need to start an edit session in order
to proceed.

57

W5 Ak Routs Eysnts, .
10 Bt W,
T GecProcessing Wirard...
i) ArcCatslog

Hseris

.3 mnlhq Servions anages. .

Goneoding Reslt: BhesGencods




Cartographic Modeling Laboratory

Determining an acceptable match rate

ArcView 9 Manual

Aim for a match rate of at least 90 or 95 percent. Be sure to write down the match
rate so that you can report it later. Often you will receive a list of addresses that
contains some PO Box numbers or missing data that will prevent you from
matching all your records. Other times your addresses will look fine but simply
won’t match the street centerline file. The most important thing to determine is if
the error (the unmatched records) is random or systematic. If you have done all
that you can to gather complete and accurate addresses, random error is
acceptable and probably unavoidable. Systematic error is not. Be sure to check for
patterns in your unmatched records (either by interactively reviewing unmatched
records or, after finishing geocoding, open the attribute table and sort by “status”
to review all the “U,” unmatched records). In Philadelphia, look for problems with
Roosevelt Boulevard and numbered streets (particularly 2" — 9™ Street). There is
no guarantee that the matched records will be mapped in the right place. Do a
spot check with the “ldentify” tool to make sure that records mapped somewhere

that makes sense to you.

Locating an individual address

If you have only an address or two to map, you can
take a shortcut. From the File menu, choose “Find”
and click on the “Address” tab. Next, choose an
address locator in the drop down menu. If you
have not already created an address locator, you
will need to do so. Next, type in the address in the
“Street or Intersection” box and click “Find.”
ArcView will display the possible matches below,
with their score. Right click on one of the addresses
for mapping options. You might choose to “Flash
Candidate Location(s)” to make sure it's mapping
in the right area or “Add as Graphic(s)” if you want
a marker at the location. Keep in mind that this is
only a graphic; it can easily be deleted or moved.
You can change the size and color of the graphic,
but you cannot turn it on and off like map layer,
and it has no attributes associated with it.
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Spatial Joins

Tabular joins use a common unique identifier to attach an attribute table to a
shapefile. Spatial joins use common geography to append fields from one layer, or
information about a layer, to another layer. This allows you to assign the
characteristics of an area—such as a census tract or city council district—to
individual houses, individuals, or events as well as to aggregate points by areas.

Assigning Area Characteristics to Points

Using a spatial join, you can determine into what area a point falls. For example,
you might need to determine in what census tract each of your study participants
lives. You must have a point theme and a polygon theme in ArcMap in order to do
this. Right click on the point theme, go to “Joins and Relates...,” and choose “Join.”

= In the first dropdown menu, indicate that you want

o s oo v o, 1 S0y can. to join data to that layer based on spatial location.
P ] In the next dropdown menu, choose your polygon
e bt s ot g layer. Next, choose the first radio button so that

[oormss it = = each point is given all the attributes of the polygon
2 Vauae g Plpeons taPos it falls inside. If you have points outside your
i“F"jb"“bfh‘h polygon (for example, if you have a census tract
L osntt ik o s s map of Philadelphia with points representing
r“‘”'“"“"d addresses in the city and just outside it), choose
Ll S the second radio button. Specify the name and
e cotetinihe pent e & citares o) location of the new point shapefile that will be
 Theresatof e b il s e e created and click “OK.” The resulting point
S o Dt s 153 e shapefile will have as many new columns as your
S polygon shapefile. This may include only the

polygon identifier (such as the census tract
number) or the identifier and attributes.

Abolt joining data... o | Cancel |

8 Attributes of Study_CensusTrack =1ol=|
FID Shape H_MUM STREET X_COORD Y_COORD | CENSUSTRA|CENSUSTR_1| TRACT | TRACT_NU CENSUS ﬂ

3 0| Point 558 Selma 5t 1] 0 3 20358 358|421010358.00

1| Paint 245 E Gravers Ln 2681030.05418 | 268107113168 26 50227 227 421010227.00

2| Paint 141 E Mt Pleasant St 26835956, 64347 | 280906, 008071 28 20260 26042101 0260.00

3| Point 1411 E Mt Pleasant 5t 1] 0 28 2 (0260 260| 42101 0260.00

4| Point 2433 Foth Ave 2693726.40154 | 279563.12894 34 5(0263 263|421010263.00

5| Point 7H38 Bewverly Rd 2B95228.19437 | 278939 62575 34 5|0263 263|421010263.00

£ | Paint 1432 E Upsal 5t 1] 0 34 50263 263 421010263.00

7 | Paint 1432 E Upsal 5t 269270837588 | 27919873294 4 50263 263 421010263.00

& | Paint 2229 E ‘wfashington Ln 2694732 63475 | 279457, 29554 4 50263 263 421010263.00

9| Point 7an? Michener St 1] 0 34 5(0263 263|421010263.00 -
< i
Record: ili" 1 r|M] Show W Selected | Records [0 out of 1315 Selected ) Options = |

Aggregating Points by Polygons

Using a spatial join, you can also determine how many points fall in each polygon.
For example, you might need to determine how many mortgages were made in
each city council district. You must have a point theme and a polygon theme in
ArcMap in order to do this. Right click on the polygon theme, go to “Joins and
Relates...,” and choose “Join.”
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In the first dropdown menu, indicate that you x
want to join data to that layer based on spatial B e Bt
location. In the next dropdown menu, choose Whatdoyoumenttofonto tisleyer?
. . IJDII’] data from another layer based on spatial location ﬂ
your point layer. Next, the radio button should
be Set for the Second from the top Optlon, “Each 1 IChoosethe\ayertoiowntolhis\ayal,orIoadspat\aldatalﬂd\sél
mortgages -

polygon will be given a summary of the numeric
attributes of the points that fall inside it, and a

2. Y'ou are joining: Points to Polygons

" Each palygon will be given a summary of the numeric atributes

count field showing how many points fall inside A e
it.” If your points do not all fall within your b
polygons (for example, you have a map of city Csun T Masmam [ Vaisnce
council districts and points representing L
addresses in the city and just outside it), choose epants e ke

) A ote: polntlalhng|ns!deapolygun|streatedasbe\ngclosest
the second radio button, instead. You can then e b e e chaenee o)
decide if you want to summarize the attributes " ot e oo oo
Of your pOIntS by their areas In the boxes beIOW- IC:\DDcumenlsandSallings\édminisnatm\Deskton\NewPo\yg
Finally, specify the name and location of the
new area shapefile that will be created. Click About ing data.. | oK B
‘LOK-”

If you did not check any of the boxes to summarize the attributes of the points,
your new shapefile will have only one new field called “count.” This will indicate how
many points fall into each polygon. You will probably want to change the name to
something that you will remember (by creating a new field called “MortgageCount,”
for example, and calculating it as equal to “Count”). Now you can use this count
value as the basis of a thematic map.

Ed Attributes of NewPolygonShapefile =10l =]
FID Shape FID_1 AREA PERIMETER COUNCIL_ | COUNCIL_ID | DISTRICT | Count_
» 0] Palygon 1] EE2372958.20339 2166381514 2 1 10 12
1|Polygon 1 311968600.96382 21052715661 3 2 7 123
2|Polygon 2 4045595288.01292 161336.01977 4 3 3 98
3|Polygon 3 240417188.56527 11102159261 5 5 3 109
4 |Polygon 4 367541458.84149 123958.20543 6 3 8 128
5|Polygon 5 BE5054280.23629 1605082786 7 4 4 119
& |Polygon E 1893597616.15819 85694.36571 8 7 5 2o
7 |Polygon 7 239301335.56468 174618.58418 3 8 1 200
2| Polygon g 201698823.2118 7563579585 10 £ ) 151
9|Polygon 9 £12056055.27539 171832.225 11 10 2 165
Record: LI;II 1 ¢ |m]|  Show W Selected | Records (0 out of 10 Selected ] Options Y|
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Querying by Attribute

In GIS, you can identify a subset of map features based on their attributes or their
location. You may use queries as an intermediary step, as part of getting to know
your data, to create new values, or to answer your research questions.

Select by Attribute
To start a query, from the Selection menu go to

Select By Attributes A 2l

“Select by Attributes.” our first choice is what layer [
in your map you wish to query (attribute queries are ™" :im”l”sce"“j : i
limited to a single layer). In the Method drop down ., = e o v
menu, you need to decide whether you are building [reues Tl N S| el

on a previous query or starting fresh. From here, W [ [ [

the query dialog is similar to “Calculate Fields.” e ES (R

Build an expression using the field names and MWHTES e T [
functions, connecting statements with “AND” or “OR” | &M _,I—' saLirto. | Conplete List |
as necessary. The values associated with each field SELECT * FROM census00lbo) WHERE

“POPN" > 1000 AMD "MULTIRAC" >= 10

will be displayed in the text box at the far right. You
can use these or type in your own. If you want help
working through these steps, click on the Query
Wizard button. Click “Verify” to make sure ArcMap
likes your expression. You can import (Load) and i sove.. |
save expressions using the buttons OR using Ctrl + C s | oo

Yerifying expression : x|

The expression was executed successfully

and Ctrl + V with a word processing file.
Note that if the values you input are text, rather than numbers, you need to put
single quotes around them (for example, ‘BROAD’).

When you click “Apply,” the map features that satisfy your query will be highlighted
with a bright blue outline. You can perform an additional query (adding, removing,
or selecting from this selected group) or close the query dialog. To review the
selected records, right click on the map layer and go to “Open Attribute Table.”
Click on the Select button at the bottom to view only the selected records. You can
calculate values on an existing or new field for only the selected records (for
example, calculating the percent of multiracial people only in block groups with
non-zero populations). You can also generate summary statistics for only the
selected records by right clicking on a column name and going to “Statistics.” To
see all of the selected records at the closest extent, from the Selection menu, go to
“Zoom to Selected Records.”

You can create a new shapefile that only includes your
selected map features by right clicking on its name in
® Ut et S el i the Table of Contents, going to “Data” and “Export
T e e Data.” Choose the radio button regarding coordinate
EAESAINCly Shapes(30SelectT zcts +1p = | systems (you’ll probably want the default). Make sure
Carcsl you have “Selected Records” chosen in the Export drop
down menu. To un-select all records, from the Selection
menu choose “Clear Selected Features.”

Erport:  |Selected features j

¢ Use the same Coordinate Spstem as this layer's source data.
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Querying by Location

The ability to query based on the location of map features is something unique to
GIS, and combining attribute and location queries really takes advantage of GIS
functionality.

Select by Location Select By Location 2] x|
To select features in a map layer based on their Lt e et e fom o o rore e bsedon it ey s
location, from the Selection menu go to “Select by 1w
Location.” Your first choice involves the nature of [;:':I‘O';jnt;';g;m =
the selection. Are you starting from scratch or Clivers

w2000 S Census

querying a subset of map features already

selected? In the next box, put a check mark next f:f:withmadistmof 5
to the map layer(s) whose features you wish to el s

select. The drop down menu then provides various !'_“"au'ieselmdfﬁw O fesres s

relationships between the features in that layer and = sy abuferto tefeates i vers

Kl

- . - aof: eters -
a subsequent layer (identified in the next drop | e =
down menu). For distance-based queries, you will s et elec N,
be able to select your units as long as the map e wnadaneeaithe dlestees

units have been specified in the Data Frame
properties. The images at the bottom of the dialog
change as you choose a different type of

relationship as the basis of your location query
(they may or may not be helpful). [ ] e ]

Palpgons

Combining Attribute and Location Queries

The “Select by Attribute” and “Select by Location” dialogs do not allow you to mix
the type of query. But by performing one type of query first and then conducting a
subsequent query on the selected records, you can perform attribute and location
queries on the same map layer. For example, you may be interested in what census
tracts are located along a river, but you are only interested in census tracts that
have at least 100 people living in them. It doesn’t matter which query you do first.
Just be sure that the selection method you choose for the second query allows you
to add, remove, or select from the records selected from the first query.

~lgin
[seteat by ariributes i 5| loclect Uy Location 2ix e .
Quenywierd | Lotz o R 3-1 ] R &= = 4T
= i |
Lwe  [F00000 Cone =l el o = -
—p————— | o - ; 3| )
Metherd . [Crogne a new smioction = T T - e
[P Tpyer—— e e &
sl sl s 2000 US Canius o a
, —!\.| =il L
< -] o F e [ vettirs etirnce o = £
= L 2 e Iestures n this laper -
5 2 S N [ | >
i 0 = o FTR— e
AMILES” %) s s i fiviet & B
o | s | Compietat | FTWW n o
SELECT * FAOM cormus(0fbgl WHERE. P : -
FORN =10 The ted feshures iepeesent the echune i tvers i
e it o cotance of the red leahres -
Pa RNE2
Ao W& |
Cles vedy | hab Losd Save Points L Fikges: i
D[] wnies 1af
|| o | Moy | o | SRR BT T T T

SIS I 1 Pt
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Measuring Distances

+Eh

==3| Using the Measure Tool ?“E?E_‘
The measure tool allows you to draw a line, == © 5

or a series of connected lines, to roughly e '--3@5 -

measure the Euclidean (as the crow flies) B 2

distance between points. The measure tool
will use the display units you specified in the
Data Frame Properties (right click on the
name of the Data Frame, go to Properties,
and the General tab). Click on it and then
click on your map at the starting point.
Move your cursor to your end point, or next =&
point, repeating until you are done. Double ===
click to finish.

ArcMap will display the cumulative distance in the bottom left part of the GUI
(below the table of contents). Once you move your cursor outside of the map
window, your results will disappear. Try following a street centerline layer if you
want to generate more realistic travel distances.

~EEereiv@Iuum

Measuring with Attribute Data

If you need more accurate measures of distance than you can get using the
measure tool, you can use the values in perimeter (polygons) and length (line)
fields of the shapefile attribute tables. Select the features of interest, then right
click on the perimeter or length field and go to “Summary.” The “sum” field will
indicate the total distance. For example, if you need to know the total length of
Broad and Market Streets, go to “Select by Attributes” and select all line segments
in the street centerline file called “BROAD” or “MARKET.” Then open the attribute
table associated with the street centerline file, right click on the “length” column
heading, and go to “Summary.” The “sum” should indicate how long Broad and

Market Streets are.
T 2%
Tusrpiwiznd |

L i 2t

| o el ] |3

L] ] L e ) ] e o |

B T
- g ; KIES
i g L \ =
: )
SELECT * FROM 1t WHIFIE: 1 -
i, |LENGTH Zi Hueney Dty ibion

< o z ;
ST _MAME™ «TIRCLAD OF "ST_MAME™ «MARKET" I\/
1 . Al .

e sty Help Load sme | |-
Lophy Cene WO 1A 107 821 BZIS 1028317217

Measuring Distance with Networks

Euclidean is just one method of measuring distance, and a rather crude one at that.
Using ArcView’s Network Analyst, it is possible to factor in travel times and traffic
patterns, among other considerations.
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Creating Buffers

Buffers allow you to create temporary graphics or CETTTEN =
permanent shapefiles around existing map POPTWO | [

features. You can create buffers around any type of  [S&EEEe | o i

vector data (points, line, or polyons) and around ) i
selected or all features in a map layer. The Buffer I

Wizard is a custom tool that must be added to the

ArcMap interface. From the tools menu, go to

“customize” and click on the “commands” tab. B
From the “categories” list, click on “tools.” You can
then drag the Buffer Wizard to one of your active toolbars. From the drop down
menu, choose the map layer you wish to buffer. If some of your layers are selected,
you can choose to buffer only the highlighted features.

CECTTE—— |
e On the next screen, you choose how you want to
s datanee 1 Hw
o . ©29] | create buffers. You can make buffers based on a
Dosk 3 ol J certain distance or based on an attribute in your map

e bidle g
b of g 2 _l?
[iestancn bebweon g &l = Mides

Bt ot

Distance yrts s [bries -

layer (this would allow you to have larger and smaller
buffers around different features). If necessary,
change the distance units at the bottom of the screen.
_ws [ ] == | YOu can make multiple rings of a certain distance.

On the final screen, you must decide what to do if the buffers overlap: dissolve the
intersecting lines or leave them? If the map layer you are buffering contains
polygons, you can speC|fy whether buffers should be drawn inside, outside, or both.
x| Finally, specify how ArcMap should save the

- Blfr ot layer. If you save it as a graphic, it will be

S o QQ‘ temporary. This is helpful if you are just
R i playing to get the right buffer since it can
Eidﬂd.ﬁh[‘lld‘g]‘dd - easily be deleted. Saving the buffers as a
T — separate shapefile is more permanent and
Neltonn = | | deleting a shapefile involves more work. To
B e e e e save the buffer as part of an existing layer,

you must start an edit session and make that
e | _f | el || |qyer edit-able.

Buffering can take ArcView a long time,
especially if you choose to dissolve the
barriers within the buffers. However, if
you do not dissolve the barriers, your
buffers may involve lots of separate Y _
polygons. If you saved the buffers as a P -io/xI
shapefile, there will be an attribute table : - u ] Febs T Tosabis T
with records corresponding to the
separate polygons making up the buffer.
If you choose to dissolve the barriers,
there will be just one record (and just o

one p o Iyg o n) - Recod 1|4 1 [m| show W Selected | Records (0 out of 3584 Selected )
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Editing Shapefiles

Editing shapefiles is tricky—and a bit dangerous—territory. If possible, use the
geoprocessing tools to make changes to your shapefiles rather than using the
editing tools described below. Keep in mind also that editing shapefiles can change
attribute values (such as area and perimeter) that you may need to update.

Deleting and Modifying Features st 2
In order to make changes to a shapefile, you [
must start an edit session. From the Editor
toolbar, choose “start editing.” If you have
multiple shapefiles in your map document that
are from different subdirectories on your These layers and tables wilbe avaikble for edting
computer, you will need to specify which directory % ., =l
will be part of the edit session (you can only edit
the files in a single folder at one time). From the
Target drop down menu in the Editor toolbar, =
indicate which map layer you wish to edit. Cance

I Souce | Type I

C:\Documents and Se... Shapefiles
C:\Documents and Se.. Shapefiles

To edit an existing feature (point, line, or
polygon), click on the edit tool and
click on the feature you wish to edit (it
should become highlighted). By clicking
and holding down the mouse button, you
can move your map feature to a new
location. To modify a line or polygon
feature, double click on it. Notice that the

Insert Wertex

Delete Vertex vertices become visible and the Task
HMove... D menu automatically brings up “Modify a
Feature.” You can reshape your feature

Mewe Tio...

by putting your cursor over a vertex,

Fip clicking, and dragging it. Click outside of
Tl the map feature to complete. (ArcView
Delete Sketch  Chrl+Delete will show the last created vertex in red).
Finish Sketch F2 You can add a vertex to a feature by right
Finish Part clicking on a green line and going to
Propertiss. . “insert vertex” (a new vertex will be

created where you right click).

Most of the boundaries between polygons are shared
boundaries. In order to move the boundary for both
polygons (rather than creating an awkward gap),
you need to use the shared edit tool. Click on
the shared edit tool and double click anywhere on
the shared boundary. The shared boundary will be
shown in green and the vertices along the shared
boundary will become visible. Move a vertex, then
click outside the map feature to complete.
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To save edits, from the Editor menu on the Editor toolbar, choose “Stop Editing”
and say “yes” to saving edits. Notice that you do not have a “save as” option. You
may want to make a backup of your original data before editing.

/< \ Merging Features
In order to dissolve the boundaries between two or

more polygon features, you must start an edit
session. Using the edit tool and the shift key, click
® on the features you wish to merge (they should
- become highlighted), then from the Editor menu on
e the Editor toolbar select “Merge.” You can also

1 select map features based on their attributes by
opening the attribute table and selecting the
corresponding records. To save edits, from the
/ Editor menu on the Editor toolbar, choose “Stop

Editing” and say “yes” to saving edits.

Splitting Features

Splitting polygon features involves creating a new :
line within an existing polygon. Start an edit - 2
session and choose “Cut Polygon Features” from
the Task drop down menu. Using the edit tool,
select the polygon you wish to split. Click on the
sketch tool and then draw a line through your
polygon (the line does NOT have to be straight),
double clicking to complete. To save edits, from
the Editor menu on the Editor toolbar, choose
“Stop Editing” and say “yes” to saving edits.
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Transforming Shapefiles

There are a number of different functions you can perform on map layers, either
based on location or attribute value that result in new map layers. Several of them
fall under the description of “overlay analysis.” In ArcView 8, these were called
“geoprocessing” function. In ArcView 9, they have been incorporated into an
expanded suite of data management tools. You must define the projection for map
layers before using any of these functions. If you have selected a subset of features
within a map layer, the functions will only be performed on the selected features.

Dissolve

The dissolve operation allows you to
collapse the boundaries between
polygons if they share the same value on
a particular attribute. For example, you
could create a neighborhood map layer
by assigning each blockgroup to a
neighborhood and then dissolving the
boundaries. From ArcToolbox, you can
find “Dissolve” under “Data Management
Tools” and “Generalization.”

ST IR A Pt

On the next screen, you need to identify the map layer whose features you wish to
dissolve under “input features.” If the layer is already added to ArcMap, you can
use the dropdown menu. Otherwise you will need to click on the folder icon to
locate the may layer. ArcMap will give the new shapefile that will be created a
default name (adding “_Dissolve” to the input layer name). If you want to rename
this or change the location, click on the folder to the right of “input feature class.”
Next, choose the column in from that layer’s attribute table that contains the
information you wish to use for the dissolve. This must be an attribute for which
multiple map features (polygons) have the exact same value. The values can be
numbers or text, although keep in mind that nominal and categorical variables will
work better than ratio variables. If polygons have the same value but are not
contiguous, they will still be dissolved into a “multipart feature.”

Append

Appending (referred to as “merging” in
ArcView 8) allows you to incorporate two or
more non-overlapping layers into a single map =
layer without changing their map features.
You can append point, line, and polygon
layers. Appending can save you time when it
comes to symbolizing features and lead to
more consistent symbology. For example, you
can merge census tract files from several
counties so that when you display the percent = i
of homeowners, you don’t have to repeat the =
process of classifying your data for each
county.

~EForEiteIunAs
e »
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From ArcToolbox, you can find “Append” under “Data Management Tools” and
“General.” Under “input features,” list all the map layers you wish to merge. You
can use the dropdown menu if you have added the map layers to ArcMap, but you
will need to add them one at a time. A new layer will not automatically be created,
so you will need to specific and EXISTING layer in “output feature.” This will
overwrite the existing layer, so be sure to make a backup copy if necessary. If the
columns in the attribute tables of all the input features are identical, you can select
“TEST” under “Scheme Type.” Otherwise, you must choose “NO_TEST.”

The resulting shapefile will contain all of
the map features in the appended layers.
If the column names were the same for all
of the layers (as they could be for census
tract files from different counties), there
will be values for each record in each
column. Keep in mind that these merged
shapefiles can grow very large, particularly
if you merge street centerline files.

Clip

Clipping allows you to turn one shapefile

into a cookie-cutter in order to cut out

< part of a larger shapefile. For example,
you might need to create a map layer of
streets for the area within a single police
district but your street centerline file
covers the entire city. Using a street file
that is clipped by the police district
boundaries will allow you to work with a
smaller and more manageable file that

, looks neater. From ArcToolbox, you can

L B e as e 2 find “clip” under “Analysis Tools” and

o T “Extract.”

alflx

o
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On the next screen, you need to identify an input feature (the layer to be clipped)
and the clip features (cookie cutter). The default name for the new shapefile will be
the input feature name plus “_Dissolve.” If you want to change this or the location
of the new file, click on the folder to the right. You can leave “Cluster Tolerance’ at
0. Changing it will allow slightly mismatched map layers to be considered
“coincident.”
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Intersect

Intersect allows you to fuse two overlapping layers together to create a new
shapefile that includes the attributes of both layers for the area in which the layers
overlap. In effect, this combines the union (described below) and clip operations.
You can intersect two polygon layers or a line and polygon layer. From ArcToolbox,
you can find the “Intersect” function under “Analysis Tools” and “Overlay.”

On the next screen, select the input features. The default name for the new
shapefile will be the first input feature name plus “_Intersect.” If you want to
change this or the location of the new file, click on the folder to the right. If you
intersect a line and polygon layers, the resulting shapefile will contain “polylines”
that act like lines. If you intersect polygon layers, the resulting shapefile will
contain polygons.

Length, perimeter, and area values will be
inaccurate after you perform an intersection,
so if you need these be sure to recalculate
them. Other attribute values maybe deceptive,
as well. In the example at right, census tracts
were intersected with police districts. The
result was many sliver polygons resulting from
slight differences in their digital boundaries,
not real differences in their actual boundaries.
Note that three polygons have been given the
same total population based on the census (] ot DR o T
tract data, two of which are sliver polygons. w585 0e g e | e S o] S54RSS
Adjusting the cluster tolerance can help you

avoid sliver polygons.

Union

Union is similar to intersection in that it fuses e T
the boundaries of two layers together, but e
rather than clipping the resulting shapefile to
include only the area covered by both, it creates
a new shapefile that covers the combined extent
of the layers. From ArcToolbox, you can find the
“Union” function under “Analysis Tools” and
“Overlay.” Select the input features. The default
name for the new shapefile will be the first input _ ,._
feature name plus “_Union.” If you want to =il S e
change this or the location of the new file, click

on the folder to the right.

As with shapefiles created through intersections, the shapefiles created by a union
will most likely have some attribute values that no longer make sense. Be sure to
recalculate length, perimeter, and area if you need these variables.

aiglE
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Creating Shapefiles

Most of the time you will use shapefiles that someone else created. Using existing
shapefiles saves time and generally results in more accurate map layers. But if you
need a line or polygon file that doesn’t exist—such as a boundary for your study
area—you will need to create it yourself. Digitizing is the process of drawing or
tracing map features to create a new geographic file.This process used to involve
tracing a paper map on a digitizing tablet and then assigning real world coordinates
to certain parts (like georectifying). ArcView 8.x has some great on-screen
digitizing tools that allow you to create new shapefiles without additional hardware
or software.

Creating New Shapefiles e ,M—M
Open ArcCatalog to create a new shapefile. Right click on ol IR :
the folder where you want to store the new shapefile, go baaeot
to new, and choose “shapefile.” In the dialog box, give s .
your new shapefile a name and indicate what type of
features the shapefile will have: point, line, or polygon. g
Use the Edit button to set the projection. This shapefile is =S L_E;__j
essentially just a shell since it contains no information. E R
But you need this before you can start to create new map AT M D
features. e
[ECTTE——— ]
e e | Next, open ArcMap and add your new shapefile, along with
Bt st S other map layers that may help you draw your new features.
Start an edit session: from the Editor menu in the Editor
ireontrtorled ol - toolbar, choose “Start Edit Session,” and indicate which
g directory contains the shapefile (shell) you just created. Be
sure that your new shapefile is listed as the Target and that
—— ,_f “Create New Features” is selected from the Task menu.

Next, you need to choose a drawing tool. You have five choices:

f The Create New Feature tool allows you to draw points, lines, or polygons.

The Arc tool allows you to create lines that are curved (rather than just a
bunch of short line segments that look like a curve).

The Distance-Distance tool will place a point at one of the locations where
two circles intersect.

The Intersection tool places a point where two lines would cross if they
continued far enough.

IR

The Trace tool creates features that follow existing map features.

70



Cartographic Modeling Laboratory ArcView 9 Manual

The Create New Features tool is the
most basic and allows you to draw
g new map features. Click to create a
new vertex and double click to finish.
In the example at left, a new
polygon feature was drawn that
follows four streets. Use the delete
tool to start over. Use the undo tool
to remove the last vertex. To save
your new feature, from the Editor
menu choose “Stop Editing” and
save edits.

Hartyi

Alleghg,

Snapping to an Existing Feature

It is nearly impossible to draw features
that match an existing layer just by
looking at it. Zooming in to the polygon
shapefile created above shows that
there are gaps between the new
shapefile and the street centerline that
was used as a guide. This looks sloppy
and can impact the result of your
analyses.

T
— |

You can avoid this problem by “snapping” your new
lines to an existing shapefile. From the Editor menu
of the Editor toolbar, go to Start Editing and

Snapping Environmenk |

)
o

Laver | \.l'ertexl Edge | El

PRt eets = B indicate which directory contains the shapefile
New:shgger:e ; S E S (shell) to which you want to add map features.
vp_neighborhoods . @ H ”

phia, blocks census [ 0 0 From the Editor menu, choose “Snapping.” In the

top of the dialog box, you can identify the layer(s)
to which you want to snap your new features. Try
drawing your new features using different
combinations of layers and vertices and/or edges.
If you use a street centerline file as your guide,
vertices will work well.

[ Perpendicular ko sketch
[|Edit sketch edges
[ |Edit sketch wertices

Now when you start to draw your new features using Editing Options 21

the Create New Features tool, your cursor will be pulled
toward the vertices of the shapefile you are trying to
trace. To create the most accurate line, move your
cursor slowly over the existing shapefile, clicking at
each vertex to create a new vertex in your shapefile.
You can change the snapping “tolerance”—the distance
from the existing shapefile you can be and still snap to
it—from the Editor menu, “Options,” and the “Genera”
tab. The map units reflect the units you identified in the
Data Frame properties (General tab).
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e Using the snapping tool, you

" T should be able to create new

y—t | : ] features that line up with existing
LTI shapefiles, even when you zoom in
ey L — - 1] close. If you are not happy with

I Z M—loed | [ your results, click on the map

| , oen feature with the Edit tool and hit
S0 W Delete (you can do this even after
saving edits to the shapefile, as
long as you start an Edit Session).

Digitizing using the Merge Tool

The tools in ArcMap for dissolving boundaries between features provide another
approach to digitizing. This may give you less control over the shape of new map
features, but it provides an easier way of creating new shapefiles that line up with
existing shapefiles. In order to create shapefiles using the dissolve tools, you need
to have a shapefile that can serve as building blocks for your new file. For example,
you may want to create a map of health districts. If the districts are based on
census tracts, you can use a shapefile of census tracts to build your new district
file. A census block file may prove the most helpful. Census blocks are bounded by
streets, so any new polygon feature with streets as borders can be created by
dissolving the boundaries between census blocks.

To start, add a street centerline layer and census block layer to ArcMap. To avoid
making permanent changes to your census block file, create a new copy of it (right
click on it, go to “Data” and “Export Data”) and add it to your map. With the streets
and (new) block layers drawn, zoom into the area where you wish to create new
features. Use the label tool to identify street names (that’s why you need the street
file; census block files don’t contain street names). Using the Select Features tool,
highlight the blocks that cover the area of your new feature. You can select multiple
features by holding down the shift key. You can also draw a box around the area
containing the individual features (this is faster).

start an edit session, then from the Editor menu B
choose “merge.” Stop editing and save edits to
finish. If your new shapefile only needs to include x
this single map feature, you can right click on the
block shapefile (with the new feature still selected), |- []] L! / / ///

To dissolve the boundaries between the blocks, L] L[ / / //

Hartyiy,

go to Data and Export Data. Be sure that the j’ / / ]
Export drop down menu indicates that only ¢
selected features will be included. Alternatively,
you may need to repeat the process of dissolving g

boundaries so that all census blocks become part of L
a new map feature. { / T 77
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