Part I I

Working with spatial data
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Spatial data

Vast collections of spatial data are available from government agencies. You can
readily download much of this data for free on the Internet, but before doing
so it is helpful to get some background and see some of the major forms of this
data. Spatial data is complex, with both vector and raster formats available in
many file formats and with several attending characteristics such as coordinate
system, feature or cell attribute properties, and intended map scale for
application. This chapter provides a hands-on introduction to spatial data and

then has you download or use samples from some of the major governmental
suppliers.
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Spatial data

Learning objectives

« Learn about metadata

» Work with world projections

« Work with US map projections

« Work with systems of projections
« Learn about vector data formats

Tutorial 5-1

Examining metadata

GIS TUTORIAL 1

Download US Census map layers
Download US Census data

Download American Community
Survey data

Explore web services for raster maps
Use nationalatlas.gov

Spatial data needs much documentation for interpretation and proper use.
“Metadata” is the term for such documentation. It describes the context, content,
and structure of GIS data. In ArcGIS for Desktop, data providers use ArcCatalog to
create and view metadata.

Open a map document

] Start ArcMap and open Tutorial5-1.mxd from the Maps folder. These map layers come
from two different data sources. The Pennsylvania Counties and Allegheny Tracts layers
were obtained from the US Census Bureau, and the Allegheny County Municipalities layer
was obtained from a local GIS organization, the Southwestern Pennsylvania Commission.
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2 Savethe map document to the Chapter5 folder of MyExercises.

Open a metadata file

ArcGIS metadata is described in a metadata file that can be read using ArcCatalog,
1 Onthe taskbar, click Start > All Programs > ArcGIS > ArcCatalog 10.1. Depending on

your operating system and how ArcGIS and ArcCatalog have been installed, you may have a
different navigation menu.

2 In the Catalog tree, browse to UnitedStates.gdb in the Data folder, click PACounties,
and the Description tab. Be patient. It takes time for the description to appear.

3 Click Customize > ArcCatalog Options and the Metadata tab.

4 Click North American Profile of IS019115 2003 as the Metadata style > OK,

5 Scroll to the Spatial Reference option and read the entry. You learn that geographic
coordinates are spherical, Geographic Coordinate System, NAD 1983 Datum.

Contents | Praview Descripson |
S Pt [} Est [ Vaidow [ Expon (55 tmpoet
Spatial Reference »

ARCGIS COORDINATE SYSTEM =l
*Tyee  Geographic
* GEOGRAPHIC COORDINATE REFERENCE GCS_North_AmerlcaQ_rlga.'i
* COORDINATE REFERENCE DETAILS
GEOGRAPHIC COORDINATE SYSTEM
WELL-KNOWN IDENTIFIER 4269
X ORIGIN -400
Y OriGIN  -400
XY scate 11258999068426.238
Z oriGIN - -100000
Z scale 10000
M orRIGIN  -100000
Mscate 10000
XY TOLERANCE  8.9831528411952133e-009
Z ToLERANCE  0.001
M TOLERANCE  0.001
HIGH PRECISION true
LEFT LONGITUDE  -180
LATESTWKID 4269
WELL-KNOWN TEXT GEOGCS['GCS_North_Amerlcan_1983",DATUM
"D_North_Amerlcan_1983',SPHEROID
‘GRS_1980',6378137.0,298.257222101]],PRIMEM['Greenwlch',0.0],UNIT
'Degree',o.0174532925199433],AU11-IORITY['EPSG",4269]]
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@ In the Catalog tree, browse to AlleghenyCounty.gdb in the Data folder, click Munic,
click the Description tab, and wait while this loads.

7

Explore some of the other metadata for Pennsylvania Counties, Allegheny Municipalities, and
Allegheny County Tracts 2010, including source credits, fields, and other spatial information.

| Comnts ] Praview Daverineon |

& Pl | B0 [ Upgrade (] impon
spatial Reference »

ARCGIS CODRDINATE SYSTEM
*TwE Projected
* GeOGRAPHIC cooRoltiare REFerénce  BCH_North_American,_1983
»protecrioti NAD_1083_StatePlane_Pennsyivania_South_F1PS_3702_Fset
¥ COORDINATE REFERENCE DETAILS
PROJECTED COURDINATE SYSTEM
WELL-KHOWN 10ENTIFIER 102729
x oriin 119214200
¥ orlein =06198900
Ky scae  3048,0060960121914
z ofuair =100000
z scae 10000
M oriein =100000
u scare 10000

YOUR TURN

Scroll to the Spatial Reference option and read the entry. You learn that the layer’s
projection is rectangular, NAD_1983_StatePlane_Pennsylvania_South_FIPS_3702_Feet.
You will learn more about projections and coordinate systems in tutorials 5-2 through 5-4.

GIS TUTORIAL 1
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Tutorial 5-2

Working with world map projections

There are two types of coordinate systems—geographic and projected. Geographic
coordinate systems use latitude and longitude coordinates for locations on the sur-
face of a sphere while projected coordinate systems use a mathematical transfor-
mation to a flat surface and rectangular coordinates.

Set world projections

ArcMap has more than 100 projections from which you may choose. Typically, though, only
relatively few are needed for most purposes.

1 Open Tutorial5-2.mxd from the Maps folder and save the map document to the
Chapter5 folder. '

2 Place your cursor over the westernmost point of Africa and read the coordinates on the
bottom of the ArcMap window (approximately -17, 20 decimal degrees). The map and
data frame are in geographic coordinates, decimal degrees, which are angles of rotation
of the Earth’s radius from the prime meridian at the equator. These coordinates are not
intended for viewing on a flat surface such as your computer screen, so there are large
distortions if you do so; for example, the north and south pole points are the horizontal
lines bounding the top and bottom of the map. Instead of geographic coordinates, you
should use one of the projected coordinate systems appropriate for viewing flat maps of the
world. ArcMap has several and can easily project the map on the fly.
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Change the map’s projection to Mercator

1
2

Spatial data

GIS TUTORIAL 1

In the table of contents, right-click Layers, click Properties > Coordinate System tab.

In the Select a coordinate system panel, scroll down to and click the plus (+) sign beside
Projected Coordinate Systems, and click the plus sign beside the World folder.

Scroll down the coordinate systems, click Mercator (world) > OK.

Zoom to full extent.

The purpose of the Mercator
projection is for navigation.
Straight lines on the projection
are compass bearings for
connecting two points. This
projection greatly distorts areas
near the polar regions and
distorts distances along all lines
except the equator. The Mercator
projection is a conformal
projection, meaning that it
preserves small shapes and
angular relationships.

YOUR TURN

Repeat the steps of the previous exercise, but this time select the Hammer-Aitoff projection

in the third step. This projection, shown in the first image below, is nearly the opposite of the
Mercator. The Hammer-Aitoff is good for use on a world map, being an equal-area projection
that preserves area. However, it distorts direction and distance. Repeat the steps again, this

minimizes distortions of many kinds, striking a balance between conformal and equal-area

time choosing the Robinson projection. As shown in the second image below, this projection /

projections. Save the map document.
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Tutorial 5-3

Working with US map projections

For most GIS applications it’s good to use an equal-area projection of a large area
such as the contiguous US states. Then you get accurate areas of polygons and can
calculate or use accurate population densities.

Set projections of the United States

Next, you get some experience with projections commonly used for maps of the continental
United States. Some projections are standard for organizations. For example, Albers
Equal Area is the standard projection of both the US Geological Survey and the US Census
Bureau.

1 Open Tutorial5-3.mxd from the Maps folder. Initially, the map display is in geographic
coordinates. The coordinates will display as decimal degrees.

= [ Layers
= 8 Usstates e T —'\\W\_ﬂ_’

(i

Save the map document to the Chapter5 folder.
In the table of contents, right-click Layers, click Properties > Coordinate System tab.

Expand Projected Coordinate Systems > Continental > North America.

1l & W N

Click North America Albers Equal Area Conic, and then click OK and Yes. Your map is
now projected using the Albers Equal Area projection.
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o Layers
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YOUR TURN

Experiment by applying a few other projections to the US map such as North America
Equidistant. As long as you stay in the correct group — Continental, North America— all of the
projections look similar. The conclusion is that the smaller the part of the world that you need
to project, the less distortion. There remains much distortion at the scale of a continent, but
much less so than for the entire world. By the time you get to a part of a state, such as Allegheny
County, practically no distortion is left, as you see next. Save your map document.

T T —
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Tutorial 5-4

Working with rectangular coordinate
systems

For medium- and large-scale maps it’s helpful to have localized projections, tuned
for the study area, that have little or no discernible distortion. For this purpose,
there are collections of projections. You have to check a reference map to determine
which zone your study area is in and select that projection for your map.

State Plane Coordinate System

The State Plane Coordinate System is not a projection but a coordinate system dividing

the 50 US states, Puerto Rico, and the US Virgin Islands into more than 124 numbered
zones, each with its own finely tuned projection. Used mostly by local government agencies
such as counties, municipalities, and cities, the State Plane Coordinate System is for large-
scale mapping in the United States. The US Coast and Geodetic Survey developed it in the
1930s to provide a common reference system for surveyors and mapmakers. The first step
in using the State Plane Coordinate System is to look up the correct zone for your area and
consequently a specific projection tailored to your study area.

1 Start your web browser, go to www.ngs.noaa.gov/TOOLS/spc.shtml, and click the Find
Zone link. If the link does not work, navigate to www.nsg.noaa.gov, and click Tools > State
Plane Coordinates.

State Plane Coordinates

The State Plane Coordinate system provides coondinates
oa s fiat grid for easy compumtion winle maintwmng

a dufference between geodetic and gnd distance of

oae part 10 10,000 or better

The State Plane Coordinats systes divides the US 1mo
a busdred or more distinct gnid surfaces [ Zones)

Do not mix coordisutes from ave Zove with that 1 nother.
1 you reed to cross Zooe hausdanies, use Geodetic Poiitions.

The utthiies 1o dus package provide medbods for converting
between Grodetic Positions and State Plane Cotrdsnaies
or for findiag en SPC Zone.

For more informanon sbout the State Plane Coerdimate System contact

The National Geodetic Survey lnformanan Services Branch

phone (301) 713-3242; Fux (301) 7134172 [Mon.-Fn, 700 a.m. - 4 36pm EST]
sal

Interactive Coaverslons
+ Latimie Low ir 2l SPC
« SPC-> Lag Poag s
« Ewnd Zope

2 Inthe resulting web page, with the By County option button selected, click Begin.

2
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3 Select Pennsylvania, click Submit, and then click Allegheny and Submit. Pennsylvania’s
Allegheny County is in State Plane Zone 3702 (LAMBERT | SOUTHERN ZONE).

4 Close your browser.

Add projected layers to a map document

As a default, the first map layer that you add to a map document sets the coordinate system
and projection for the data frame. If all of your mabp layers have spatial reference data
included, you should have no problem combining maps with different coordinate systems
or projections. ArcMap will reproject all map layers to the data frame’s projection on the
fly. Next, you add a layer with a State Plane Coordinate System projection and then a layer
with geographic coordinates.

1 In a new blank map, click the Add Data button, browse to the Data folder,
AlleghenyCounty.gdb, and add Munic to the map. The coordinates appearing in the
lower right corner of the display now appear in state plane units (feet). The origin of these
coordinates (0,0) is at the lower left corner of Pennsylvania.

——

o Layers T
= @ Muni ]
C 1

1335579.299 368652.554 Feet

2 Saveyour map document as Tutorial5-4.mxd to the Chapter5 folder.

3 Inthe table of contents, right-click Layers, click Properties > Coordinate System tab.
Notice that the data frame coordinates are the same as the Munic layer, NAD_1983_
StatePlane_Pennsylvania_South_FIPS_3702_Feet. This is because it was the first layer
added to the new map document. ArcMap will automatically project all additional layers
to state plane, regardless of their original coordinates if the added layers have spatial
reference data included.
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Click OK and change the Munic symbology to a hollow fill, black outline, width 1.15.
g y gy

8§ Click the Add Data button, browse to AlleghenyCounty.gdb, and add Tracts2010 to the
map.

6 Change the Tracts2010 symbology to a hollow fill, light gray (20%) outline and move
below Munic in the table of contents. .

7 Right-click Munic in the table of contents, click Properties and the Source tab, and note
the coordinate system in the Data Source panel. This layer has state plane coordinates,
the same as the data frame.

8 Repeat step 7 except for Tracts2010. This layer has geographic coordinates but appears in
the data frame using state plane coordinates because you added Munic first and it has state
plane coordinates.

~ D3t Source — ——— —
Feature Class: Trac=2010 -] |
Fenn'rype:. Simple

Geometry Type: Polygon
Coordinates have Z values: Ko
Coordinates have measures:  No

ww System: GCS_North_American_1983 ,

D_ptorth_Ameritan_1983
mm Greenwich |
Angular Unit: Degree -
Mg 1
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Change the data frame’s coordinate system and
projection to UTM

The US military developed the universal transverse Mercator (UTM) rectangular
coordinate system in the late 1940s. It includes 60 longitudinal zones defined by meridians
that are 6° wide. ArcGIS has UTM projections available for the northern and southern
hemisphere of each zone. These zones, like state plane, are good for areas about the size of
a state (or smaller) and have the advantage of covering the entire world.

1 Start your web browser, go to www.dmap.co.uk/utmworld.htm, and determine the UTM
zone for western Pennsylvania. You should find that western Pennsylvania is in zone 17

north.

2 Close your browser.

w

In the table of contents, right-click the Layers data frame, and click Properties.

4 Click the General tab and note that the P
map units are feet. Map:  |Feet =
| Oisplay: [Feet [

| Tip: See Qustomize > ArcMap Options > Data Vievs tab for
additionral options for displaying coordinates in the status
bor

_ e — |

B Click the Coordinate System tab, expand Projected Coordinate Systems > UTM > NAD
1983. Click NAD 1983 UTM Zone 17N. UTM is a metric system and thus uses meters as
the map unit. Your display remains in feet so you need to set the display units to meters.

@ Click the General tab and click Meters as the display units > OK. The coordinate system
and map appearance change slightly accordingly. Notice that the coordinates are now in

meters.
= o Layers
=8 Munc
a
- B Traens
Lt
a
=]
anle s 1+
SETTIN52 44424102 Meters £

Y
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Assign a coordinate system and projection to a feature

class

5

All GIS layers should have a coordinate system and projection defined (that is, have spatial
reference data), but sometimes you will receive a shapefile or other GIS layer that does

not have this data and you will need to assign this yourself. Note that the needed spatial
reference data is not metadata but data that is part of the map layer. In a shapefile, itis a
separate file and has a .prj extension. A common coordinate system for North American
files is the Geographic Coordinate System (GCS), North American Datum 1983 (NAD
1983) projection, which is used by organizations such as the US Census Bureau and is the
coordinate system of the shapefile that you are about to use.

In Catalog, navigate through the Data > DataFiles folder, right-click
AlleghenyCountyBlockGroups.shp, click Properties > XY Coordinate System tab. The
coordinate system projection for this shapefile is <Unknown>. Of course you must know
the correct coordinate system to assign to the map layer from external information,
metadata, or from other sources. If you assign the wrong coordinates, your map will not
display correctly in your map document.

Expand Geographic Coordinate Systems, expand North America, click NAD 1983 and
OK.

Repeat step 1 to see that the layer now has its coordinate system data included.

Add AlleghenyCountyBlockGroups to your map document. You might gee a warning that
the data is in a coordinate system different from that of the current data but this is OK
because it has its native coordinate system assigned. Notice that the block groups overlay

nicely with the other map layers that are now projected as UTM rectangular coordinates.

Remove AlleghenyCountyBlockGroups from the table of contents.

6 Save your map document.
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Tutorial 5-5

Learning about vector data formats

This tutorial reviews several file formats commonly found for vector spatial data,
other than the file geodatabase covered in chapter 4. Included are Esri shapefiles
and coverages as well as computer aided design (CAD) files and XY event files.

Examine a shapefile

Many spatial data suppliers use the shapefile data format for vector map layers because
itis so simple. Shapefiles appeared about the same time that personal computers became
popular. A shapefile consists of at least three files: an SHP file, a DBF file, and an SHX file.
Each of these files uses the shapefile’s name but with the different file type extensions. The
SHP file stores the geometry of the features, the DBF file stores the attribute table, and
the SHX file stores an index of the spatial geometry for speeding up processing. Next, you
examine AlleghenyCountyBlockGroups.shp in more detail.

1 Examine AlleghenyCountyBlockGroups.shp in Catalog. _
It appears as an entry in one line with an icon representing a N E‘&? ﬁm,m
)

polygon map layer. ArcCatalog treats the several files as a unit &) AleghenyCountyTracts.shp

and provides utilities such as renaming the shapefile in one = mﬂﬁﬂﬁam’“‘”
: (&) AutoTheftCrimeSeries.shp
location. @ DCTractsip
{1 Earthquakes.dbf
1 &8 FshnetCalculations, xlsx
PghCrosswatk,dbf
(D PghTracts.shp
| PRisburghSchools.csy
2 & PovertyTracts.xlsx
' Statisics.bxt
() 4_2010_42003_tract10.shp
") Tomadoes2000.shp

2 Open a Computer window and navigate to the Data > DataFiles folder. Now you can
see that there are five files for the shapefile, including the projection (.prj) file that you
created in tutorial 5-4 when you added a spatial reference for the layer's coordinate system.
Shapefiles have three to seven associated files.

Name -

3 Close the Computer window. AleghenyCountyBlockGroups.dbf

AleghenyCountyBlockGroups.pr]
AleghenyCountyBlockGroups.shp
£ AleghenyCountyBlockGroups.shp
AleghenyCountyBlockGroups.shx

4
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Add a coverage to ArcMap

A coverage is a legacy Esri spatial data format from times when personal computers did not
even exist. Coverages typically store one or more feature classes that are related in a folder
named for the coverage. For example, in a cadastral (land ownership) dataset it is common
for a coverage to store the parcel boundaries as polygons and the parcel lines making up the
polygons as arcs (lines). You can add coverage data to ArcMap and use it for analysis and
presentation, but you cannot edit coverage data with ArcMap. When browsing data within
Windows Explorer, coverages appear as folders containing several files. In the following,
you can see the four coverages in the EastLiberty folder with the contents of the Building
coverage appearing in the right-hand side of Windows Explorer. The Building coverage has
18 files.

Oganze ¥  Sharewth ¥  Bum  New folder # -1 @
. Favortes = ARC PAX
B Desiiop ARX PRF
| Dovmioads BND.OBF TIC.DBF 3
<5 Recent Piaces ) ToL q
oNT T 0
Ubranes 1
oNx ™ :
Documents e WS_FTP
< * metada
Pictures
B videos HRE
B PAL
By Computer = Pat.dbf
1B tems
! -

In a new blank map, click the Add Data button, browse through the Data > Pittsburgh >
EastLiberty folder, and double-click Building.

Click the Polygon layer icon, click Add, and OK. A coverage behaves like any other vector
layer in ArcMap. It has the same appearance and has an attribute table.

3 Savethe map document as Tutorial5-5.mxd to the ChapterS5 folder.

YOUR TURN

Add Curbs Arc and Parcel Polygon coverages to your map for the East Liberty neighborhood.

Change the symbols to your liking and examine the attribute table for the Parcel layer.

e .
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Convert a coverage to a feature class

If you need to edit the attribute tables or geometry of a coverage, you must export it first as
a shapefile or file geodatabase feature class.

1 Inthe table of contents, right-click the Building Polygon layer, click Data > Export
Data.

2 Browse to Chapter5.gdb in the Chapter5 folder of MyExercises and save the output
feature class as Building.

polygons in the Building feature class and add the missing spatial reference for the layer.
You learn about editing features in chapter 7.

4 Save the map document.

Add a CAD drawing file

Many organizations have CAD (computer aided design) drawings that you can display in

ArcMap in their native format. ArcMap can add CAD files in one of two formats: as native M
AutoCAD (.dwg) or as Drawing Exchange Files (.dxf) that most CAD software can create.

When viewed in Catalog, a CAD dataset appears with a light blue icon. An AutoCAD file is

much like a coverage in that it has different kinds of vector features in the same file. You

can see CampusMap.dwg in ArcCatalog in the following:

5-5
3 Click OK > Yes to add the exported data to the map as a layer. Now you could edit the -

= £ GIST1
= £ Data
; & 1 cMUCampus
i = 33 CampusMap.dwg
: (4] Annotation
1) MuttPatch
[=J pomt
{5 polygon
: =) Polyine
1
1

1 Inanewblank map, click the Add Data buthton, browse through the Data >
CMUCampus folder, click the CampusMap.dwg icon, click Add, and OK to the spatial
warning message. The following map of the Carnegie Mellon University campus appears
in ArcMap as a layer group that contains many feature types, including lines, polygons, and
text. This map is from the Facilities Management Department and has spatial reference data.
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= . Layers
< [ CampusMap.dwg Group Layer

Campus Map 2005
123456

2 Inthe table of contents, expand the CampusMap.dwg Group Layer, and turn off all
layers except CampusMap.dwg Polygon. This shows academic and residential buildings on

CMU'’s campus.

= . Layers
= [ CampusMap dwg Group Layer
[) CampusMap.dig Annotation
# {3 CampusMap.dwvg Point
\ @ [ CampusMap.dwy Polyine
= @8 CampusMap.dwg Polygon
# O CampusMap.chvg MukiPatch

g
Oo @
& e C’DL- a
o E DS |, o
NSy & Qo
VO o —
oo »—/QE—L A
Ll b e

3 Right-click the CampusMap.dwg Polygon layer, click Properties > Drawing Layers tab.
Notice that you can turn layers on and off. You can also symbolize the layers using the

Symbology tab.

-
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Mlmlmlmlsﬂwlmu|m_mlmu
Transtoemasons

|
E
-

Orawing Layers | Joins 8 Rsimea | | HTWL Popup
Choose which drewng tayers will be visble

Name | Color

0 [+ Centruous

[£] acapemc_sLocs ® Cuabrgais Disable Al I
ANNOTATION (] Cantavous
FENCE [ ] DASHED Restors Ongingl
[#] HanDicAR ® Coplemas
) ranoicarrouTE R
9 RESIDENTIAL_BLDGS [ ] Congnuous e
Flsr [ ] Comruaus n o o
[ stReeT_namES (-] DASHED2 =2 5-5
2] waxwars [ ] Contnuous

{

4 Close the Layer Properties window and remove CampusMap.dwg Group Layer from the
table of contents. :

Export GIS features to CAD

Sometimes you may need to deliver GIS features to a person working with CAD software.
You can export features to AutoCAD (.dwg) or Drawing Exchange Files (.dxf) formats,
which can then be opened by most commercial CAD applications.

: 1 Click the Add Data button, browse through the Data folder to 3DAnalyst.gdb, click
Topo, and click Add. This is two dimensional topography.

= i/ Layers
= B Topo

C
RS
z‘%

T

& TN

SFUS,
AN
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2 Inthe table of contents, right-click the Topo layer, and click Data > Export to CAD.

3 Type or make selections as follows:

Input Features

2

4 Tope

I

CREXLRL R[S

iowc.mxo ,
Output File

| C:\EsriPress\GIST 1\MyExercises\Chapter5\Topo.OWG ,
¥ Ignore Paths in Tabies (optional)

%" Append o Existing Files (optonal) ,

Seed File (optional)

[ 8l

oK J Cancel |Ermommnu.| Show Haelp >> I

E] 1

The CAD drawing is automatically added to the table of contents. You can also open Topo.
dwg in any computer application that supports the CAD .dwg format.

'~ Layers
= @ Topo
= B Topo
| = B Pont
0 < other vaues>
Cad Renderer
® Contnuous, 74, 15
- B Potyine
— <3l other valuss>
Cad Renderer
~ Contnuous, 74, 15
~ B Polygon
[ < other values>
Cad Renderer
] Contnuous, 74, 15
= 4 MualPatch
) <ad other vales>
Cad Renderer
) Continuauss, 74, 15
B Annotation
= @ Tapo
= <abother vakies>
Cad Renderer
— Contnuous, 74, 15

| S

4 Remove the Topo and CAD drawing layers from the table of contents.

— e A ——————— 4

5 Do not save your map document.
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Tutorial 5-6

Downloading US Census Bureau
boundary maps

There is a large and ever-expanding collection of spatial data—including vector
and raster map layers and data tables with geocodes—available for free download
from the Internet or for direct use as map layers in map documents. The advan-
tage of downloading spatial data is that you can modify it as you wish. Government
agencies provide much of this spatial data, as do GIS vendors. In this chapter you
learn about and use a few of the major spatial data suppliers. Note that if you have
difficulty downloading the data files for this chapter, they are also available in the
Chapters5 folder of FinishedExercises.

~ Download US Census Bureau Cartographic Boundary
Files :

From the US Census Bureau's website, you can download census-related map layers

with unique identifiers for polygons such as census tract IDs, but not census attribute
data such as population, age, sex, race, income, and so forth. There are so many census
variables—thousands—that it is impractical to provide them all in map layer attribute
tables. The map layers would be excessively large and cumbersome files. Instead, the Census
Bureau provides the American FactFinder website in which you build custom collections
of variables for your needs. The US Census Bureau continually updates this website so
you might find that some data is already joined or the menus vary. In this tutorial, you
download selected census demographic data separately, perform some data preparation
steps on it, and finally join it to the corresponding polygon, boundary map layer. First,
you download boundary shapefiles for Cook County, Illinois, where the city of Chicago is
located.

1 In your web browser, g0 to http://www.census.gov/cgi-bin/geo/shapefiles2010/main. US
Census shapefiles with basic data already joi‘ned can also be found at www.census.gov.
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LS. Census Burcau

2010 TIGER/Line® Shapefiles

8 to customer requests we have redesigned the downioad huhu for
%1! TIGERUNe Shepefles Selectihe 1ayer you are interested in from th
aopam many snd click ‘submif, snd you will then soe the geographic areas fu

P

which that ayer is avalable Documantation
« What fles aro avallable?
Select a layer type . T
verivp bl Bacvas s FTP she for actonal dowrion
- * Access our Jor
[Revercan g Ares Groweshy || mbet | T o et 3010 Gt At o] L 04.171) debvary
Source US Census Busesu Geography Dhdsion [

2 Under Select a layer type, select Census Tracts and click submit.

3 Under Census Tract (2010) select Illinois and
click Submit.

4 Select Cook County and click Download.

Census Tract (2010) ,

[incis

Census Tract {2000)

[~Select a state—

Click Open for the downloaded compressed file t1_2010_17031_tract10.zip > Open.
P P p P

6 Click Extract all files.

] .ol
7
f . ﬂ Search 62010 mm woct... ﬂ
Oganze +  Extractalfies £~ 310
. Favortss 2| vame - | Tvpe
IS Desktop 1.2010_17031_tract0.dbf DSF Fle
& ombads 4.2010_17031_tract10.pr} PRI Fie
. Recent Places
1_2010_17031_tract10.shp SHP Fle
= Lwares = §_2010_17031_tract10.shp XML Document
_ Documents %.2010_17031_tract10.shx SHX Fe
4. Music _:] < I .L]
L 5 gems
J

7 Extract the files to the Chapter5 folder of MyExercises.

YOUR TURN

Download and extract the shapefiles for Illinois, Cook County 2010 county subdivisions
found in t1_2010_17031_cousubl0.zip and census water features (area hydrology) found in file

tl_2010_17031_areawater.zip.
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Tutorial 5-7

Downloading and processing Census
. SF 1 data tables

The US Census Bureau’s American FactFinder website provides tabular census data
including geocodes for joining to census boundary maps. Here you download a table
with selected 2010 population attributes for Cook County, Illinois census tracts,
process them in Microsoft Excel, and finally join them to the tract map layer for dis-
play. This is so-called SF 1 (Summary File 1) data that provides basic data on pop-
ulations, housing units, and households. This data is available for all census levels
including tracts, block groups, and blocks.

¥,

e
N

Get started on downloading 2010 SF 1 data

1 Using your web browser, go to http://factfinder2.census.gov and click the Advanced
Search tab. This website includes data from both Census 2010 and Census 2000. Here you
can build selections to download data for a specific topic in a specific geographic location.
Note that the screen captures that follow might be different from yours as the US Census
updates its website.

f/:?u e AT '

2 Inthe left navigation bar, click Geographies.
FactFinder ()
' m
!
IR g, veonomie gk ‘@A

hi
i — geographic Information

Topics »
398 beame your. detmant |

’ ;
(Baive. coutios placas, | ]

Race el ek Orouge. ),

it Erter seath temis) nd ek GO )

vy Codes » of tatis rame. e, o

ACS ety | o =3
& pKs AN ETEEYy FoErwy

Lo e [,
’

B e L ] )
'

3 Click the Name tab, type Cook County in the Sonct Goograohies

- Lim Hame Address Map
Enter a geography name box, click Cook County,
. . . ‘Emar a geography name ar use the Geography Fliter Optiona batowr
p Illinois > click Go. Y — T T E=me
|xm :::’ i 1o Your Selections
Cook Cousty, Minnesoty
mmccnmcmcww Nievens o sutwnan
BaTIGI0N Wwnstup, Cook Ceunty noes.
| Bevwyn townstg. Cock County (anoty m
| Batance of Cook Courty Georga
| Batance of Cook County ot
Batance of Cook County Limnesota ] Cheeh A3
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Geography Filter Options

~ Gaographic Type
County (33)
School District (2)
City or Town (4) |
Economic Place {2)

Township/Census County
Division (34) ,
Census Tract (1.708)

Block Group (1)
Block {1.708)
2IP CocesZCTA (2)
+ Summary Level
+ Within Division
+ Within County
+ Within Place

4 In the Select Geographies panel, click Census Tract from
the Geography Filter Options.

5 Inthe Geography Results panel, select the check box for
All Census Tracts within Cook County, Illinois > Add.

Geography Results: 1.25 of 1,708

per page. EEK3
%4 123458 »

1Selectea: [ Add [ CheckAll | Clear Al
Geography Name Geography Type About
\ = :?Illln(';‘lesnm Tracts within Cook County. Census Tract
ARG e e

{linois

' All Census Tracts (or panis) within
Bamingion township, Cook County Hhinois

Census Tract witnin
Piace/Remainder

6 Close the Select Geographies window. The Search Results
panel displays data collections that are available at the census
tract level. Your selection should be as shown.

Your Selections

Search using...

Census Tract
All Census Tracts within Cook !
County, Hiinols €3

clear all selections and
starl a new search

Finish up downloading SF 1 data ‘

1 Inthe Search Results window, navigate to and select the check box beside QT-P1 Age
Groups and Sex: 2010, 2010 SF1 100% Data, and click the View button. If you do not see
the QT-P1 table in the Search Results type QT in the Narrow your search box.

1-25 of 3,789 tables and other products match 'Your Selections’

¥ View l: Download Compare E Clear All ) 4 123408 »
Narrow your search: Ij____ m "
[l Table. File or Document Titie Dataset About

I~ oP1 Prafie of General Population and Housing Charactenistics 2010 2010 Demographic Profiie SF o
- or Profile of General Population and Housing Characteristics 2010 2010 SF2 100% Data (/]
~ oPo2 SELECTED SOCIAL CHARACTERISTICS IN THE UNITED STATES 2010 ACS 5-year ssimates [/ ]
I~  orP:2 SELECTED SOCIAL CHARACTERISTICS IN THE UNITED STATES 2010 ACS 5-year Selected foputation Tabes
= or3 SELECTED ECONOMIC CHARACTERISTICS 2010 ACS 5-year esumates [/ ]
~ oroa SELECTED ECONOMIC CHARACTERISTICS 2010 ACS S-year Selected Popuation Teles @)
- oPos SELECTED HOUSING CHARACTERISTICS 2010 ACS 5-year estimates [/ ]
~ oPo4 SELECTED MOUSING CHARACTERISTICS 2010 ACS 5-year Selected Poputation Tadies @)
™ oros ACS DEMOGRAPHIC AND HOUSING ESTIMATES 2010 ACS 5-year estimates [ ]
™ arH General Housing Characiensiies. 2010 2010 SF1 100% Data [/
[T QT-H2  Tenure Household Size, and Age of Householder 2010 2010 SF1 100% Data [/ ]
[T QT-H2  Tenwe Household Size, and Age of Husentider 2010 2010 SF2 100% Data (/]
r  orH and Type by Tenure 2010 2010 SF1 100% Data (/]
\ ™ arHs b wat Type by Tenure 2010 2010 SF2 100% Data 6
[F] Qr-P1 Age Groups and Sex 2010 2010 SF1 100% Data ;]

[T QT-Pt  AgeGroups and Sex 2010 2010 SF2 100% Data o T
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The resulting table shows the data included in this table that will be downloaded to a
spreadsheet.

Geography [Census Tract 101 Cook County. linos |
POPGROUP [ Total poputation +]

Numbar Parcent Mates per 100 femates
Age Bothsexes Male Female Bothsexes Male Female

1 Total poputation 4654 2326 2520 1000 1000 1000 920
Under 5 yaars 355 167 188 73 712 14 808
Sto9years 207 185 132 59 67 82 174
1010 14 years 285 125 130 83 S48y 9.2
1510 19 years 75 141 1 $7T 61 83 105.2
2010 24 years 388 151 207 74 65 82 729
2510 29 years 480 226 284 99 97 100 890
3010 34 years a4 18 238 91 80 102 721
251039 years 395 194 20 81 83 80 %5
4010 44 years 04 218 186 8 94 74 172
4810 49 years a3 197 28 86 85 85 912
8010 54 yeary 78 180 196 1717 78 9218
5510 59 years 206 189 147 63 68 58 1082
601064 years 29 110 119 47 47 a7 924
6510 69 years " 88 6 24 24 28 887
7010 74 yesrs 68 25 40 13 11 1s 625
7510 70 yeans ¥ 13 % 08 06 10 500
6010 84 years 27 w7 10 0 01 04 1700
l 8510 89 years 20 4 16 04 02 06 250
90 years and over 9 3 6 02 o1 o2 500

2 Click the Download button > Click Data and annotations in separate files > OK >
Download > Open.

Seloct 8 download format and cick OK )

Comma delimited ( csv) forma! (data rows anly)
( €3V 18 compatote wth IW!WEWNLWMU

\r Data and annotations m a single tle

%) Data and annotations in separate tlos
[~ Inciude descriptive dota alemant names
Presanlation.ragdy formals
« PDF

 Microsoft Excal { xis) 3 ©
€ Rich Text Format ( 1)

L Mﬂugmnlwwh%‘ll‘-mmmrml To veew The e you wil nesd

the Adobs® Acobet® Reader 3= avetstie lise from Adobe

3 Extract all files to the Chapter5 folder. The resulting files include a readme document,
DEC_10_SF1_QTP1.csv, DEC_10_SF1_QTP1.txt, DEC_10_SF1_QTP1_ann.csv, and
DEC_10_SF1_QTP1_metadata.csv. The comma separated file, DEC_10_SF1_QTP1.csv, has
the census data. If you have trouble downloading this data, the files are in the Chapter5
folder of FinishedExercises.

YOUR TURN

Explore a few other SF 1 tables for Cook County, [llinois. Click each table to see the data details.
When finished close your browser.
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Process data in Microsoft Excel

The census data that you downloaded in the previous exercise as a text table needs some
cleaning up using software such as Microsoft Excel before using in your GIS.

Open Microsoft Excel on your computer, click File > Open, select All Files (**) for Files
of type, browse to the Chapter5 folder, and double-click the CSV (comma separated
values) file DEC_10_SF1_QTP1.

Hame - | oate moaed |vee g | s 2]
L Chaptess.go 6122012809 Fle foiger
1_downboad_seadme , 77292012 2:39 PM Text Document

BEC_10.5F1_QTPL M2920132.39PH  Text Docusment
| DEC_10_SF1_GTP1 TON0I2237PH Compressed (znped) Folder
“% DEC_10_SF1_QTPi_ann TRINAII2IGPM Morosolt Excel Comma Separated Viskies R
£L2010_12031_arenvater.dnl 111372010 §1:40 . DBFFRe
1L.2010,17031 _areawaer.pr| 11/13/2010 1140 . PRIFle
A 4_2010_17031_zrepvatet 1M/12/2010 11:40 - AoCAD Shape Source
2 9.2010_17031_2reamate shp /12010 11°42 XML Document

nez [DEC_10.561.QTPY =] [witee |
o =x
v

Delete column C and then columns F-KC.,

Rename the columns Id, 1d2, Both sexes, Male, and Female, as shown in the figure
below. The resulting table shows only geocodes (Id and Id2) and basic population fields.
One problem is that the fields for the join attributes do not match in data type and
therefore cannot join. In the TIGER tracts polygon feature class, the join field (GEOID10)
is a text field and in this table the corresponding join field (Id2) is a number field. You can
tell because data in text fields is left-aligned and that in numeric fields is right-aligned. A
simple solution is convert the number field, Id2, to text.

A 8 C D E
1 1d Id2 Both sexes Male Female
2 1400000US17031010100 17031010100 4854 2326 2518
3 1400000U517031010201 17031010201 6450 3245 3205
4 1400000US17031010202 17031010202 2818 1473 1345
5 1400000US17031010300 17031010300 6236 3168 3068
6 1400000U517031010400 17031010400 5042 2248 2794

Click the B column selector cell to select that column. On the Home ribbon in Excel,
click the Find & Select button and click

Replace. Type values as shown (note the TR 7| x|

Fd  Regoce |

single quotation mark in the “Replace

. Rodwha:  [17001 =]
with” text bOX). Reptoce with: [[17031 =l
Options »> l

frans | [ podwes | Cose

Repocsd | gepace |
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5 Click Replace AllL All cells get a note, indicated by a small green triangle, that numbers are
stored as text.

L) B C o] E
1 1d id2 Both sexes Male Female
2 1400000U517031010100 170310310100 4854 2326 2528
3 1400000U5170331010201 '17031010201 6450 3245 3205
4 1400000U$17031010202 '17031010202 2818 1473 1345
5 1400000US17031010300 '17031010300 6236 3168 3068
6 1400000US17031010400 :17031010400 5042 2248 2794

6 At the bottom of the spreadsheet, double-click the lower left tab that has the text
DEC_10_SF2_QTP1, and type TractsPop2010 to rename the tab.

A B [ ] E

1d 1d2 Both sexes Male Female

2 1400000U517031010100 '17031010100 4854 2326 2528
3 1400000U/517031010201 '17031010201 6450 3245 3205
4 1400000U517031010202 17031010202 2818 1473 1345
5 1400000US17031010300 .031010300 6236 3168 3068
6 1400000U517031010ﬁ031010400 5042 2248 2794
W 4P W TractsPop2010 . ) i1 I

7 Save your file as an Excel Workbook called CookCountyTractPop2010.xlsx to the
Chaptey5 folder.

8 Close Excel.

Import files into a file geodatabase

Before adding your features and tables to ArcMap, you will import them into Chapter5.gdb.
Excel spreadsheet attribute tables cannot be edited directly in ArcMap so they must be
added via a file geodatabase.

1 Launch ArcMap with a new empty map

: document. J it § biss 1 Geodat atise (muiphe)
| ot Feotures
{ : l &l
2 Save your map document as Tutorial5-7 e s o~ +
i to the Chapter5 folder. " et At st i st F
1
3 InCatalog, right-click Chapter5.gdb, click 3
Import > Feature Class (multiple...) and
make the selections as shown in the -
graphic to the right. B PeptnrSCheptars.ods =

=
‘ oK l Cancel lsmm.] shaunw»'
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Click OK and wait for the shapefiles to import into the file geodatabase. In Catalog,
right-click Chapter5.gdb, click Import > Table (single...) and make the selections as
shown in the following: TractsPop2010$ is the worksheet within the Excel spreadsheet
with the population data.

put Rows ,"
iEsnPress\GISl‘l\Mymrdsei\chnpterS\CookCountyTranPopzom.)dst\TractsPopzolos |2|
Output Location
| C:\EsriPress\GIST1\MyExercises\Chapters\Chagter5.gdb _ﬂ
° Table , &
iTraasPopzn:a -
Exprassion (optional)
[ 8
Field Map (optional) =
@ 18 (Text) J
& 1d2 (Text) +
q'] Both_sexes (Doubla)
& Male (Double) _ﬂ
& Female (Double)
ki

ok | canel | Ewironments..| showhelp>> |

Click OK and wait for the worksheet from Excel to import into the file geodatabase. The
table is automatically added to the map document.

Add polygon features t1_2010_17031_tract10, t1_2010_17031_cousub10, and
tl_2010_17031_areawater to your map document from Chapter5.gdb.

In the table of contents, rename the data frame Cook County Illinois.

Rename the additional layers Tracts 2010, County Subdivisions, and Lakes and
Rivers.

Symbolize County Subdivisions as a thick, hollow outline and move that layer to the
top of the table of contents.

Symbolize Lakes and Rivers as a light blue color with no outline.
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Add and Join tables

Next you join the census data in TractsPop2010 to the Tracts 2010 attribute table.

1 In the table of contents, right-click Tracts 2010, click Joins and Relates > Join, and
type or make selections as follows:

EE———— Y
Join lets you eppend pddensl dota (0 this layer's sttribute tabie 0 you can,
for example, pymboiize the layer's fastures using thes data.
Whit do you want to Join to this loyer?

| |30t ettnbutes from o table =]

| 1. Choose the fleld in this kayer that the gl vl be based on:
|ceom1o ~l

2. Choose the table t join to this l2yer, or load the table from disk:

1B ractspopzo10 =]
7" Show the otrbute tables of ayers in s Bt

| i 3. Choose the fleld In the tble to base Uatn on: |
| ”
|

| 1

|

I

= 3
-Join Options 1
@ Keep M records |

AR records in the tarpet table ore hown in the resulting table. |
Unmatched records will contain nul values for ol flelds baing
[ sppended into the target txbés from the join table. |

[£| s il e

[
il ¥ o record in the target table doesnt have & match inthe join |
. ‘ table, that record is removed from the resuing torget table, |
|
i
|

2 Click OK > Yes.

3 Open the Cook County Tracts attribute table and verify that the census data attributes
(Both_sexes, Male, and Female) are joined.

v 0[+41532094] | 097 6018822 0050004 000009 1262 U0D0OOUST70J 1540300 | 17031840300 " %50 1995 195!
0/+418445749 087 6491915 | 0047520 00009 1281 17031840200 17031840200 —_zm| s nss)
/4479510058 |-087 6350978 0040322 0000124 1207 1400000US 17031841100 17031841100 | To54]  MSB| 3736,
0[+418555610 007 60320 | 003337 8000083 1288 MO00OOUST701841200 17031841200 saf2l 222510

T 0|«d18704157 087 6750734 | 0045078 0000126/ 1266]1400000US 17031830200 (17031838200 1578 748] 830
TEM6 +41957603) 0830176685 | 0077918 0000307 684 WA0OOOUSTIONTO01 1OdNTe0y | ST amsr  3wr
ar 23682 4420248250 | 0800515840 | 0084272 1000181 804[1400000US 17031604610 17031804610 | 2320 1006] ulu_]j

4 »

"o 10 » = (0outof 1319 Selcted)

Teocts 2010 |

4 Close the table.
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YOUR TURN
Using the newly joined fields, create a choropleth map showing the percentage of females by )
census tract. Copy the Tracts2010 layer with the joins to create a layer showing the percentages
of males in Cook County, Illinois. Save your map document. /
—

& - Cook County Ifnlos
2 @ County subdivisions
]
€ [ Tracts 2010
Mate / Both_sexes
0 34.6% - 45.7%
(3 45.8% - 47.7%
5 47.8% - 49%
I 49,1% - 50.5%
0 50.6% - 86.7%
= M Tracts 2010
Femate / Both_sexes
013.25% - 49.52%
£349.53% - 51%
[ 51.01% - 52.26%
I 52,29% - 54.27%
I 54.28% - 65.42%
& E Lakes and rivers
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Tutorial 5-8

Downloading and processing
. American Community Survey (ACS)
Census data

For more detailed data on education, income, transportation, and other subjects,
you download estimates from the ACS tables. In the 2000 and previous censuses
such data was collected in the census long-form along with the SF 1 data, randomly
from one out of six households, and was called SF3 (Summary File 3) data. Now the
Census Bureau collects ACS data monthly—approximately 3 million housing units
receive a survey similar to the old long-form questionnaire. Annual, three-year, and
five-year estimates produced from ACS samples are available. To learn more about
the ACS, visit the website at WWW.CeNSUS.gOov/acs/WWw/.

In this tutorial you download ACS data at the tract level for a county. The approach
you take is to first select the topic (educational attainment) then the geography
and location (tracts in Cook County, Illinois). American Community Survey data
can also be downloaded by block groups but is currently available only at the fol-
lowing website: http://www.census.gov/acs/www/data_documentation/summary_file/ or
from the US census DataFerret, http://dataferrett.census.gov/.

Download ACS data by tract

] Save your map document as Tutorial5-8.mxd to the Chapter5 folder.

2 In your web browser, go to http://factfinder2.census.gov, click the Advanced Search tab,
and clear selections that you might have from the previous tutorial.

L ]

3 Click the Topics link on the left, and then within the Topics panel expand People,
expand Education, and click Educational Attainment.
Note that the number in parentheses might be different
from the one in the figure.

Selact Topics

Select Toplcs to add to "Your Selections’ €}

- Poople
4+ Basic CounvEstimate
4+ Age & Sex
4+ Age Group
4 Disability

~ Education ,
Educational Attasnment (1,287)

Field of Degree (459)
Schoot Enroliment (572)
Schoot Type (119)
Vocational Traming {9)
+ Employment
+ Income & Eamings
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4 Close the Select Topics window.

(23]

Click the Geographies link on the left and the Name tab.

@ Inthe Enter a geography name box type Cook County tracts, click Go, select All
Census Tracts within Cook County, Illinois, and click Add. That adds this geography to
the Your Selections panel.

7 Close the Select Geographies window.

8 Inthe Search results large pane] on the right, navigate to and click S1501
EDUCATIONAL ATTAINMENT 2010 ACS 5-year estimates > Download > OK >
Download> Open > Extract all files, and extract to the Chapter5 folder. The downloaded
files will be text files ACS_10_5YR_S1501 and aff_download_readme_ann, and comma
separated files ACS_10_5YR_S1501_metadata.csv and ACS_10_5YR_S1501_with_ann.
csv. Note that these are 2010 estimates, the data available at the time this tutorial was
written. Newer estimates might be available but this tutorial uses 2010 data.

FactFinder

n Search Hesult 25of T 12 angd other pr)
Search using 1 Selected: [ View Ew.x Compars (- Clew Al @ 4 123
Peopte Eour o =
Eoucmmrt Atarsmen ) ————————
! saarch: GO
R Hasvow your e————
A8 Census Tracts wermn Cock
oxn,un:% [ ] Tatis, Fés of Document Tide * Oataset Aot
clexr o8 setecrs anc roig SELECTED SOCIAL CHARACTERISTICS W THE UNITED STATES LOACSSyex g
587 3 new seath ) , esarames
- DI0ACS Syear
Search using the options below: B s EDUCATIONAL ATTASREN e o
Topan BOBDDI  PLACE O BIRTH BY EDUCATIONAL ATTASLEENT IN THE URATED STATE 2010ACS S-yer
inge. incorne, yewr, dataset, ) » r o TED £5 o
I ommos  CECGRAPYCAL LOERITY 04 THE PAST YEAR BY EDUCATIONAL ATTANLENT FOR BoASSHe @
Qeegreptios > CURRENT RESIDENCE IH THE UNITED STATES et
foa. it gl ) [ soms  YOMEN 1570 50 YEARS WHO HAD A BIRTH i THE PAST 12 MGHTHS BY MARITA. BOACS Sy @
STATUS AND EDUCARGRAL ATTANUENT pisctun
Race and Exhnic Groups o
e ) » [ pusoy  SEXBYAGEBY EDUCATIONAL ATTAIENT FOR THE POPULATICN 18 YEARS AND BOACSSpem @
tndustry Codes » [~ B10M  SEXSY ZDUCATIONAL ATTAIMENT FCR THE POPULATION 15 YEARS AND OVER 2OALSSyex oy
(RAICS by, )
r EDUCATIONAL ATTAIRMENT AND ELGLCIVLIENT STATUS BY LANGUAGE SPOKEN AT AOAS S g
BIEI0  \oMF FOR THE POPULATION 25 YEARS AND OVER et

Q Close your browser.

Process data in Microsoft Excel

The census data that you downloaded in the previous steps needs cleaning up using
software such as Microsoft Excel before using in GIS.

1 Open Microsoft Excel on your computer, click Open, select All Files (**) for Files of type,
browse to the Chapter5 folder, and double-click ACS_10_5YR_S1501_with_ann.csv.
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Next you need to mark the columns that you will keep so that you can delete
other columns. Definitions for these columns are found in the metadata file called
ACS_10_5YR_S1501_metadata.

P 2 Click the column heading cell A to select that column, click the color fill drop-down list
under the Home tab, select a color (yellow).

3 Similarly, click the column heading buttons and use color fill for columns B, D, and J.

A [} | [4 o t F G ] [ ] X TS

1 GEO GEOM2  GEO.dnpley-lavel HCD1_EST_VCO1 HCOI_MCHCO2_EST_VCU1 HCOI_MOE_VCO] MCD3_EST_VCO1 MCD3_MO HOD]_EST_VORZ  HCD_MO HCO;

2 LACOCDOUS17031010200 17031010100 Census Tract 101, Cook Courty, iinols s n7 3 n 253 08 » 134

3 LASOODOUSIZ031010201 17031010201 Censu Tract 102.01, Cook County, Ilinols M 229 22 E m 73 (Y3

4 JADOOOOUSI7O31010202 17033010202 Census Tract 102.02, Covk Coumty. lifingis e 136 3 &7 1w » 413 ns

$ 1400000USI 731010300 17033010300 Cansus Tracs 103, Cook County, tilinots D 10 118 183 108 13 H)

6 1200000US17031010400 37031010500 Cansus Tract 108, Cook County, fitinly U aes €00 26 [+] 303 a1 45

7 L40CO0CUSIZ0II010501 1MMLBIOSAN Census Tract 105.01, Cock County, Blinoly 1 ous 237 126 20 138 ms m 5-8
§ 1400000USITOII010502 37CRIIONAE Census Tract 105.02, Cock County, Hlinots 28 a8 83 ] an 0 189 101

9 1600000USIZI1010503 37031010503 Cansuss Tract 105.03, Cook County. ilinols s 2 133 a1 m [3 38

1 1 Cansus Tract 106, Lok County, iincls w  m E] 158 08 188 Y] ¥

11 1400000USINII010701 17032010701 Cansus Traxt 107.01, Cook County, tinon m 3 161 us 27 7 24 2

12 J400000USITU3I010702 37031010702 Cansus Tract 307.02, Cook County. llingty @2 n 29 m wm L] 9.7 unz .
Wae M ACS 10_SYR_$1301_with _smn  °J " '

Delete all columns except the ones you marked as yellow.
Select cplumns A-D, click the color fill drop-down list > No Fill.

In row 1, type the column names shown in the following figure.

N & b

Select column B and on the Microsoft Excel Home ribbon, click the Find & Select
button, click Replace, and replace values 17031 with '17031. The single quote before
17031 is essential. This converts column B to text values.

8 Type ACSLessThanHighSch2005-10 as the sheet name.

A B 5 o

T d 12 Fopl8to2d LessThanKighSchoo!
2 517 ¥ 549 33
3 1400000U517031010201 :17031010201 614 7.3
4 1400000U517031010202 17031010202 164 aLs
5 1400000US17031010300 17031010300 388 125
6 53 1 1439 a3
7 1400000US17031010501 17031010501 an 285
W 4> M ACSLessThanHighSch2005-10 12D 4

L]
O Save the spreadsheet as ACSLessThanHighSch.xlsx to the Chapter5 folder of
MyExercises and close Excel.

YOUR TURN

Import ACSLessThanHighSch2005-10 of ACSLessThanHighSch.xlsx into Chapter5.gdb, add
it to your map document, join it to Tracts 2010, and create a choropleth map showing the
percentage of population with no high school degree. Note that field LessThanHighSchool is
already a percentage. Save your map document. /

—— T T B
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Tutorial 5-9

GIS TUTORIAL 1

Exploring raster basemaps from
Esri web services

While vector maps are discrete— consisting of points, lines connecting points,

and polygons made up of lines — raster maps are continuous like photographs

and use many of the same file formats as images on computers, including Joint
Photographic Experts Group (.jpg) and tagged image file (.tif) formats. All raster
maps are rectangular, consisting of rows and columns of cells known as pixels. Each
pixel has an associated coordinate and an attribute value such as altitude for ele-
vation. Raster maps do not store each pixel’s location explicitly but rather store
data such as the coordinates of the northwest corner of the map, cell size (assuming
square pixels), and the number of rows and columns, from which a computer algo-
rithm can calculate the coordinates of any cell. A key aspect of raster maps from
your point of view is that they are very large files. So while you may store some
important basemap raster files on your computer, these kinds of maps are perhaps
best obtained as map services available for display on your computer but stored
elsewhere.

Add a basemap layer

You can add several different basemap layers to a map document as services in addition
to map layers from your computer or local area network. ArcGIS has built-in access to Esri
servers for this purpose.

1 Save your map document as Tutorial5-9.mxd to the Chapter5 folder and remove all
layers except County Subdivisions.

Symbolize the County Subdivisions layer with a hollow fill and a yellow outline, width
y y 34
1.15.

3 ClickFile > Add Data > Add Basemap > Imagery with Labels > Add > Close. It takes a
few moments for the map image to download to ArcMap. If your basemap does not appear,
right-click County subdivisions and click Zoom To Layer. The map image that displays is
from an Esri server instead of your computer’s hard disk. You can now more clearly see
Lake Michigan.
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YOUR TURN

Remove the current basemap from the table of contents and repeat step 3 for another basemap.
Save your map document.
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Tutorial 5-10

Downloading raster maps from the
USGS

Next, you'll download an elevation raster from the US Geological Survey that can
be added in ArcMap. The raster map in this exercise is a digital elevation model
(DEM) that can be turned into a shaded relief map, meaning that it includes shad-
ows from an artificial sun in the sky. In chapter 11 you will learn how to convert a
DEM into a shaded relief model, as shown in the image below.

Launch the USGS National Map Viewer and zoom to Pittsburgh
1 In a web browser, go to http://viewer.nationalmap.gov/viewer/.
2 From the Standard toolbar, click the Zoom In Box button [%l,
3 Zoom to western Pennsylvania and Pittsburgh where the three rivers meet until you

see a scale of approximately 1:36,000 similar to the image on the next page. Note that
the screen captures and layers might look different than what you see on your computer.
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Order data for download

1 Click the Download Data button &

2 Inthe “Download options” dialog box, select “Click here” to download by current map
extent.

Select the Elevation check box and click Next.

Gl

4 Select the National Elevation Dataset (1/9 arc second) check box and click Next. This
will add the raster map of your zoomed area to the checkout cart. The spatial resolution of
NED 1/9 is approximately one meter per pixel, the most detailed available from the USGS.

5 In the Cart window, click Checkout, enter your e-mail address, and click Place Order.
You will get a message saying that your order has been placed and to check your e-mail.
Later, you'll get an e-mail message summarizing your order and telling you that a link will
arrive in the future, which you can use to download the order.

Download data

At some point, you'll get an e-mail message containing a link to download the data.

] Click the link in your e-mail to download the data. You will see the following messages in
succession: “Current order status ... Adding your request to the queue. ... Extracting data ...
The data extraction has completed. ... Please wait for the data to be returned.”
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<,

2 Click Save File and save the downloaded file to the Chapter5 folder in MyExercises.

3 In Windows Explorer, double-click the compressed file, click the “Extract all files”
button, browse to your Chapter5 folder, and click OK. Then click Extract. A folder that
has a unique number is created, containing all the files that are needed to display the raster
image properly in the correct projections.

4 Use Windows Explorer to view these files. Close Windows Explorer when you are

finished.
mvly - MyExerdses - ChaptesS » 78217464 > I [ sewvch mz17a64
Ogane v Indudeinlivary » Sharewith v  Bum  New folder =089
¢ Favorites Name - Il‘ypt ls:z l I
I Desktop | 78217464 aux AUX Fie 1,032K8
| Downloads | 78217364.p1) PRI Fie 150
E] Recent Places | 78217964t TEW Fle 1@
=g thraries 4 78217464 TIF Fie 20,263K8
B Documents 178217464 XML Document 16 K8
o Music | 78217464 _metal.faq FAQ Fie 218
| Plctures | 78217954 _metal.spm! SGML Fis 1648
9 videos | 78217464 _metal Text Document e
% | 78217464_metal XML Document 16 KB
1% Computer
METADATA. dbf DBF Fie 268
& vaok(c)y —
o Removable Dsk | METADATAG0 PRI Fle 148
Removable Disk /v METADATA AutoCAD Shape So... 1K8
L# Shared Folders [ METADATA AutoCAD Compled ... 160
“%) NED DataDictionary Adobe Acobat Dac... 26K
G Netvork % NED_Release_Notes_Augl2 Adobe Acrabat Doc. . 1,269K8
 output _fvarametas Text Document 1KB
l 16 tems

Add the raster image to the map

1 InArcMap, create a new blank map and save it as Tutorial5-10.mxd to the Chapter5
folder.

2 Click the Add Data button, browse to Data, Pittsburgh folders, and City.gdb, click
Neighborhoods and Add. Symbolize neighborhoods with a hollow fill.

3 Click the Add data button, navigate to MyExercises, Chapter5, and the folder with
extracted raster files, click the .TIF file, click Add, and Yes to build raster pyramids. The
DEM raster image will automatically be classified and added to the table of contents.
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Frea 5-10

YOUR TURN (

Download the National Land Cover Database 2006 Land Cover from the National Map Viewer
and add it to your map document. You will learn more about land cover definitions and how to
classify them with unique values in chapter 11. Save your map document.
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Tutorial 5-11

Exploring sources of GIS data from
government websites

There are many sites to download GIS data from, including local, state, and federal
websites. In this exercise, you will download data from an official website of the
US government, nationalatlas .gov. Data from the National Atlas can also be found
in links from federal websites such as Geo.Data, gov and Geoportal.org. Agencies
that contribute geospatial data to these websites include the Department of
Agriculture (USDA), the Department of Commerce (DOC), the National Oceanic
and Atmospheric Administration (NOAA), the US Census Bureau (CENSUS),
the Department of the Interior (DOI), the US Geological Survey (USGS), the
Environmental Protection Agency (EPA), and the National Aeronautics and
Space Administration (NASA). Many other agencies provide other data on
nationalatlas.gov and Data.gov.

Download data from nationalatlas.gov

1 Open Tutorial5-11.mxd from the Maps folder and save the map document to the

Chapter5 folder.

2 Click Bookmarks > 48 Contiguous States.

3 Open your web browser and go to http://nationalatias.gov.

4 In the search box, type africanized bees, press ENTER, and click Spread of Africanized

Honey Bees in the United States. The direct URL to the map layer information for
Africanized (killer) bees is http://nationalatlas.gov/mid/afrbeep.html

About | Fea Shees | ConaztUs | Farers | Produces | SaeMaq | FAQ | Hap | 3

* natlonawaf;gow

Wy =Diesd ICanred Nongy Sees g
% un.zmz_mmaamnm honb/coum/ 23 0f
<2009 cpens the Agricultural ReuumSavlcanunapnge Backgroung
Irviormation ...

nationatatias govimid/atrbeep htmi

5 From the right panel under Data Download, click Invasive Species - Africanized Honey

Bees.
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@ Click Shapefile : afrbeep020.tar.gz, save the file to the Chapter5 folder, and uncompress
the files there. The downloaded compressed file needs special software to extract the
shapefile. The already extracted files, if needed, can be found in the DataGovShapefiles in

i the Chapter5 folder of FinishedExercises.

Import data and assign an x,y coordinate system

Sometimes downloaded GIS layers do not include a projection file with the x,y coordinate
system defined. In this exercise you will import the shapefile into a file geodatabase and
assign the x,y coordinate system.

1 Open Catalog, navigate to Chapter5.gdb, import the shapefile afrbeep020.shp and
rename the layer AfricanizedBees.

i
) 2 In Chapter5.gdb, right-click AfricanizedBees and click Properties.
3 Click the XY Coordinate System tab, expand Geograf)hic Coordinate Systems, expand
North America, click NAD 1983 > OK. :
4 Click the Add Data button, navigate to Chapter5.gdb, and add the AfricanizedBees -
layer.
:
|
i

Display layer using classification by year

1 In the table of contents, right-click layer AfricanizedBees, click Properties, and the

Symbology tab.
] Dala tx¢cusion Properties = ,_!II
2 Click Quantities > Graduated colors > YEAR Quey | Lagen |
as the fields value. a::m o4
STATE_FIPS
3 Click the Classify button, and in the oy PP :I
Classification window click the Exclusion, jtpz‘ = =
button. SR ) | :
2 e] ] | 3
a7 1992
4 Create the query "YEAR" = 0. This shows only ]I j ill o 2
the year that Africanized Bees began populating =T auramvaves foote [~
US states. SELECT - FROM AbicanBoss WHERE.
"YEAR" = 0 |
:J
e (o] | s | _sen |

0K I Cmndl
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5 Click OK > OK. Click YEAR as the fields value again. This will remove years 0 and 1 from
the classification ramp.

6 Change the number of classes to 4 and use the following colors:

Laverpionerties - |
Gonerd | Sousce | Selecsn | Disglay  Syibaogy | Reids | Detriton Quesy | Labels | Jons & Reates | Tims | HTHL Posm |
Show: § - -

Features h —.-“*“.'.'*‘.. ___lm—

Categores Y st
Natural Bresks (Jarks)

[Tox ] comea | mwy |

7 Click OK and move the layer just below USStates. You can now clearly see the years that
Africanized bees populated US states and counties.

8 Save your map document.
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YOUR TURN
Download two other GIS layers from the National Atlas, United States Tornado Touchdown
Points 1950-2008 (http://nationalatlas.gov/mlid/tornadx.html) and Bailey’s Ecoregions and
Subregions of the United States, Puerto Rico, and the U.S. Virgin Islands (http://nationalatias.
gov/mlid/ecoregp.html). Import these shapefiles into Chapter5.gdb and assign the x,y coordinate
system GCS NAD 1983. Classify ecoregions using unique values and the field DOMAIN. Create
a definition query showing tornados with injuries greater than 500 with graduated symbols
using the INJ field. Label tornados using the YEAR field. Save your map document and close
ArcMap.
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Assignment 5-1

Compare heating fuel types by US counties

The US Census collects data about the fuel used to heat houses in the United States. In this
assignment, you explore where different fuel types are used throughout the country. To do so you .
download the American Community Survey data from 5-year estimates at the county level, clean '
and join two data tables together, and create a la!out with two choropleth maps comparing fuel

heating types in the country.

Get set up

 Rename the folder \EsriPress\GIST1\MyAssignments\Chapter5\Assignment5-1YourName\
to your name or student ID. Store all files that you produce for this assignment in this
folder.

¢ Create a new map document called Assignment5-1YourName.mxd with relative paths.

Download and process data
Download American Community Survey data

« (http://factfinder2.census.gov). Click Topics > Housing > Physical Characteristic > Heating
Fuel. Click Geographies > Geographic type County > All Counties within United States and
add this to your selection. Use the search box to find tables B25040, select and download
table B25040 (HOUSE HEATING FUEL) for 2010 5-year estimates and save it to your
Assignment5-1YourName folder.

» In Excel, open ACS_10_5YR _ B25040 _with_ann.csv to clean up this data. The only
attributes that you need are Id or Id2 and the heating fuel type fields. Rename these with
logical names (for example, TOTAL, UTIL_GAS, TANK_LP_GAS, ELECTRICITY, OIL_
KEROSENE, COAL_COKE, WOOD, SOLAR, OTHER, NO_FUEL). Prepare the Id or Id2
field to join to the GEOID1O0 fields in the USCounties feature class. Save the workbook as
HeatingFuel2010.xlsx. Import the worksheet of the workbook into your file geodatabase as
CountyHeatingFuel2010. Join this table to the USCounties attribute table.

Build the map
Create a new file geodatabase called Assignment5-1YourName.gdb. Import the following data into it:

* \EsriPress\GIST1\Data\UnitedStates.gdb\USCounties—polygon features of US counties: An
attribute, GEOID10 is the county geocode in this table that you will join your downloaded
table to. It has the text data type.

= \EsriPress\GIST1\Data\UnitedStates.gdb\USStates—polygon features of US States.

« You will import the worksheet of HeatingFuel2010.xlsx into your file geodatabase as
CountyHeatingFuel2010.
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Requirements
* Create a layout that compares two attributes for alternative fuel types, SOLAR and WOOD.

* Use two data frames and two separate choropleth maps, one for each new attribute.

0
&
¢ .
* Rename both data frames and map layers.
 Show USStates as a hollow fill, black outline 1.5, and label with a white halo using state =
abbreviations.
* Use the same projected coordinate system for both layouts, Continental > North America > =
USA_Contiguous_Albers_Equal_Area_Conic.
* Zoom to the 48 contiguous states at the same map scale.

&

* Use the map layer and table in your file geodatabase (and not the shapefile or Excel table).

» Use separate quantile classifications with no decimal places, and colors that you think are
effective for each map.

= List the data source and the date that census data was collected in your layout.

* Click File > Export Map and save your map as Assignmerl)ts-1YourName.jpg with 150 dpi
resolution. A5-1
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Assignment 5-2

Create a map of Maricopa County, Arizona, voting
districts, schools, and voting-age population
using downloaded data and a web service image

Maricopa County, Arizona is one of the nation’s fasgest-growing areas with 3.2 million residents
and 1.5 million registered voters. Suppose that Maricopa County officials plan to use GIS to ensure
accurate voting boundaries, maintain voter lists, locate polling places, plan voting precincts,
recruit poll workers, and deliver voting supplies. Trained analysts will use the GIS, so it needs much
relevant detail.

In this assignment you focus on skills needed to download and prepare data from websites to use
GIS. You download voting districts, streets, and census block groups for the purpose of building
an interactive GIS to be used in selecting schools for use as polling sites. You clean the census data,
join it to the block group features, and use it to display the spatial distribution of the voting-age
population. Of course, the number of registered voters by block and estimates of voter turnout
would be better than voting-age population, but it’s not available. An x,y table that you download
shows schools that are open and their locations.

Get set up

» Rename the folder \EsriPress\GIST1\MyAssignments\Chapter5\Assignment5-2YourNarne\

to your name or student ID. Store all files that you produce for this assignment in this
folder.

» Create a new map document called'Assignment5-2YourName.mxd with relative paths.

» Create a new file geodatabase called Assignment5-2YourName.gdb. Import the spatial data
and tables you will download and process into it.

Download data

Download the following 2010 TIGER shapefiles for Maricopa County, Arizona:
* Block Groups—tl_2010_04013_bg10.shp (import as MaricopaBlockGroups)
= Voting Districts—tl_tl_2010_04013_vtd10.shp (import as MaricopaVotingDistricts)
« All lines—tl_2010_04013_edges.shp (process and import as instructed below)

From http://factfinder2.census.gov, download SF 1 2010 population by sex data for Maricopa
County, Arizona block groups.

« Click the Geographies link, Name tab, and Geographic Type Block Group.

* Click the plus (+) sign beside Within State, click Arizona, click Within County, Maricopa.
Select the check box for All Block Groups within Maricopa County, Arizona, and Add.
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¢ Close the Select Geographies window and scroll the pages until you find the table P12 (Sex
} by Age 2010 SF1 100% Data). Download and extract the file DEC_10_SF1_P12.csv. Be
i patient. This may take a while.

From http://nces.ed.gov/ccd/ (National Center for Education Statistics), download school data for
{ Maricopa County, Arizona. Use the following steps to download open schools in Maricopa County,
| Arizona:

l [ e Click the Build a Table link, select School for Select Row Variable, click 2009-2010 for
L Select Years, click Next and I Agree.

: » Under Select Columns select Basic Information (X), and then click School Name-by survey
i ! year (School) 2009-10 and County Name (School) 2009-10.

i e Under Select Columns select Contact Information, and then click Location Address
(School) 2009-10, Location City (School) 2009-10, and Location ZIP (School) 2009-10.

| s Under Select Columns select School/District Classification Information, and then click
! School Type-most recent year (School) Same All Years, Latitude (School) 2009-10, and
j Longitude (School) 2009-10. t

» Under Select Columns select Total Enrollment, and then click Total Students (School)
2009-10.

# Click Next.

¢ Under Row Variable, select AZ - Arizona. Under Other Filters, select County Name
(School).

* In the pop-up window called Column Filter Criteria, select 2009-10 for Select Years, type
Maricopa for Column contains, and click Save Filter.

» You'll get a large red X with County Name (School) [2009-10] contains Maricopa, but that’s
in case you want to delete the filter. So just leave that alone and don’t click it.

» Click View Table, click the Excel link > Download Excel File, save NCES_Report_12345.xls
Note that the report name will vary.

e Click Close.

Process the data

The shapefile, t1_2010_04013_edges.shp, has all lines used to build census blocks including lines
from streets, water features, railroads, and so forth. You need to extract streets from the shapefile,
using its FEATCAT attribute, to create a new feature class, MaricopaStreets. Streets have the
FEATCAT code value S, while railroad tracks have R, water (hydrology) features have H, and so
forth.

« Add t1_2010_04013_edges features to a new map document. Use Selection, Select
By Attributes, to build the query "FEATCAT" = 'S". In the table of contents, right-click
tl_2010_04013_edges, click Data > Export Data, change the Save as type to File and
Personal Geodatabase feature classes, and save the selected lines as MaricopaStreets in
Assignment5-2YourName.gdb.
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* Open Excel and then open dc_dec DEC_10_SF1_P12.csv to clean up this data. The only
attributes that you need are Id or Id2 and AGE18UP, which you will have to create and
compute from the individual age fields. The voting age in Arizona is 18. You can compute
the AGE18UP column in Excel or in ArcGIS using the field calculator. If you compute in
Excel be sure that the column contains the actual data and not an expression. Save the
spreadsheet as POP18UP.xlsx. Import the worksheet of the spreadsheet into your file
geodatabase as a table called POP18UP.

¢ Open NCES_Report.xls in Excel and ignore the warning message on opening. Clean the
data by deleting extraneous rows and colutnns and renaming columns to reasonably short
names without embedded blanks (use Latitude and Longitude for those two names).

» Click File, Save As, change the Save as type to CSV (MS-DOS), type the File name as
MaricopaSchools.csv. Note that saving the data as a CSV file gets rid of some troublesome
text formatting of Latitude and Longitude so that ArcMap will import the columns as
numbers.

¢ Import MaricopaSchools.csv into your file geodatabase as a table called MaricopaSchools

Requirements

* Add the census features to your map document and symbolize voting districts as a hollow
fill, black outline, width 1.50 and streets as medium gray (40%).

* Join the table POP18UP to the block group layer and symbolize as a choropleth map,
which represents the demand for voter registration facilities. Use a logical mathematical
progression.

* Add MaricopaSchools as an x,y table using GCS_North_American_1983 (NAD1983.prj)
coordinates.

1
* Create a definition query so that only open schools are included (assuming enrollment
over zero implies that a school is open) and export these points as a feature class called
MaricopaSchoolsOpen in your file geodatabase.

* Symbolize schools using size-graduated point markers for total number of students
(enrollment). Hint: An equal interval scale works well here.

* Use visible scale ranges to display detailed layers (streets and schools) when zoomed in

below a scale of 1:50,000. Display block groups when zoomed in below a scale of 1:100,000.

Display voting districts at all scales. Label voting districts and schools, but not streets or
block groups. This provides a tool for analyzing potential voting places.

* Zoom to Tempe voting district 10, and then zoom out to a scale of 1:20,000. Create a
bookmark called SampleTempeVotingDistricts.

» From the Esri web service, add basemap imagery with labels. Turn off the block group layer
and export your zoomed bookmark area as an image called Assignment5-2YourName.jpg.
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