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Center for Geographic Analysis, Harvard University

LAB EXERCISE 5: Queries, Joins: Spatial and Non-spatial

1.0 Getting Census data

1.

If you do not have any specific locations in the
US in mind do the following:

2.
3.

Your Selections

Go to the American Factfinder website
http://factfinder2.census.gov/. Click on

w Advanced Search
Search all data in American FactFinder, wit LEER!

e g e «SHOW ME ALL” 1O
search for data.

m Your source for population,

0a'n | 23
housing, economic, and '® /ﬁ\~

geographic data

-

First click on the Geographies.
Then, in the window that appears, select
Census Tract as the geographic type,

Massachusetts as State and then, Select
a county: Middlesex, select one on more
geographic areas: All Census Tracts within
Middlesex County, Massachusetts. Finally
click on “ADD TO YOUR SELECTIONS”
Close this window

Then select the variables you are interested in
for example you could search for “Poverty”. In
the 2012 ACS 5 year estimates you could select
S1701 Poverty status in the past 12 months.
Then click on “Download.” Click on OK to get
a zip file of the data.

Extract all the files from the zip file after
double-clicking on it and then clicking on
“Extract all files”.

Search Results: 1-25 of 376 tables and other products match 'Your Selections'

optional
Search using... Refine your search results: (opt )]
People:Poverty
Poverty © @ topics () race/ancestry () industries (7 occupations
Census Tract . view o™ § P =
All Census Tracts within Middlesex 1 Selected: |5 View i3 Download Compare j Clear All 4 12345
County, Massachusetts
clear all selections and D Table, File or Document Title Dataset About
start a new search 2012 ACS
] DPO3 SELECTED ECONOMIC CHARACTERISTICS 5-year
Search using the options below: estimates
Topics ' 2012ACS
(age. income, year. dataset, ) 81701 POVERTY STATUS IN THE PAST 12 MONTHS 5-year [ ]
estimates
Geographies ’ 2012 ACS
(states, counties, places, ) [ | s1702 POVERTY STATUS IN THE PAST 12 MONTHS OF FAMILIES S-year o
estimates
Race and Ethnic Groups ’ 2012 ACS
(race, ancestry, tribe) ] | s2201 FOOD STAMPSISNAP 5-year (/]
estimates
Industry Codes } RATIO OF INCOME TO POVERTY LEVEL IN THE PAST 12 MONTHS BY NATIVITY OF 2012 ACS
(MAICS industry. ...) [} B0S010 CHILDREN UNDER 18 YEARS IN FAMILIES AND SUBFAMILIES BY LIVING 5-year o
ARRANGEMENTS AND NATIVITY OF PARENTS estimates
EEO Occupation Codes » 2012 ACS
(executives, analysis, ...) B BOBO12 PLACE OF BIRTH BY POVERTY STATUS IN THE PAST 12 MONTHS IN THE UNITED Syear o
STATES estimates
EQGRADHICAL LIQRILITY Il TUE DACT YEAD BY DOVESTY STATIS N TUE DACT 2012 ACS -

. Select a geographic type

‘ Select a state

@ Selectacounty:

@ selectone or more geographic areas and click Add to Your Selections

List Hame Address Map

Step 3

Didn't find your geographic type? Try the Name, Address or Map geography search options instea

Select geographies to add to Your Selections )

[ Census Tract [+]

Massachusetts  [+]

Widdlesex [+]

All Census Tracts within Middlesex County, Massachusetis [JIFS
Census Tract 3001, Middlesex County, Massachusetts. [ |
Census Tract 3011 n1 Middlesex County, Massachusetts —
Census Tract 3011.02, Middlesex County, Massachusetts
Census Tract 3021, Middlesex County, Massachusetts

Census Tract 3103, Middlesex County, Massachusetts
Census Tract 3104, Middlesex County, Massachusetts o

ACS_13 5YR_S1701 metadata has documentation about the names of the variables. The
file ACS_13 5YR_S1701 with_ann.csv can be edited in Excel. I edited this file in


http://factfinder.census.gov/servlet/DatasetMainPageServlet?_program=DEC&_submenuId=datasets_2&_lang=en&_ts=
http://factfinder2.census.gov/
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Excel to remove the detailed header row since ArcMap can only read one header
row. (The name of the file depends on the year — if you download ACS data for 2011 it
will be labelled ACS_11 5YR_S1701_with_ann.csv)

6. Add ¥ -in ArcMap the census tracts shapefile: census_tract 2010 esri from

USA_Data\USA_Census

~

Then add ¥ ~the table ACS 11 SYR_S1701_with_ann.csv to ArcMap.

8. Open the attribute table for the tracts shapefile and the table. (Right-click against the
shapefile in the TOC and “Open Attribute Table or Open).
9. To see them both use the Arrange Tables option in the Table Options menu. Do they

have any common fields?

They have a common field: FIPS2 and GEOID2 (for 2011 data) or Geo.id2 if you
downloaded from the Census for anotherlocation.

Note: For the step of joining a table with the shapefile data the key variables should be of the
same “Type” — both should be text or integers. You can find out the type by right clicking on the
column name and selecting properties. The column names for the ACS table are explained in the
file ACS_13 5YR_S1701_metadata. HC03_EST_VCO1 is the estimated percentage of the

population in the tract living in poverty and HC03_EST_VC03 is the estimated percentage of

children living in poverty in the tract.

Note: ArcMap will read Excel files but it will only read one header row so if your excel file
has multiple rows of header information you will need to delete them.

1.1 Joining tables

Now you can join the non-spatial data table to
the spatial tracts data using the common key
FIPS2 and Geo.id2 (or GEQid2).

1. Right click on the tracts shapefile (not
the excel file because you want to join
the excel file to the spatial file so you
can map the variables later) in the TOC
and click on “Joins and Relates.” Then
click on “Join” to get a new window
called “Join Data”. Complete the details
of the join as shown (See screenshot).
Click “OK.”

2. Now the attributes from the ACS table
will be visible in the “tracts” attribute
table.

3. To save just this dataset right-click on
the tracts dataset in the TOC and then
select Data and Export Data to save this
new dataset to your desktop — you might
call it

Join Data @

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

|Join attributes from a table -

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

FIFS2 -

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

E ACS_13_5YR_S1701_with_ann.csv M=)

—_—

| Show the attribute tables of layers in this list

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

GEQid2 -

Join Options
Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

Q) Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

Validate Join

About joining data [ oK l [ Cancel l
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MA_MiddlesexCounty_tracts_join_with_ACSpoverty for example.

Note: To save it so that the

Layer Properties

headers for the variables are

General | Source | Selection | Dlsp\ayl Symbology |F|s|ds | Definition Quaryl Labels | Joins &Rslatesl Time | HTMLPupupl

Show:

Saved you have to Save it to a E‘;::;’::es Er::;quanlilies using color to show values. N Import.
geOdatabaSe as a F||e and ?_"' Value: HCO3_EST_vCO3 - Netral Breaks (Jeks)
i Graduated symbols ormalization: none - Classes: 5 - Classify..
Personal Geodatabase Covapononarmos | [Lcoss. |
Feature Class. | have saved | crans Coorfane: B I
... . Multiple Attributes m. ange abe

this JOlnEd datain a S!i-:ooogooora.zooooo ;D;D;DD—3ZDDDDD
geodatabase named as o 2 o001 1620000
MA_Middlesex_tracts.gdb — W o 50w 280000168 300000

4. You Can nO\_/V map_a Varl_able ‘DShuwclass ranges using feature values Advanced ~
of your choice. (Right click

on the layer census_tract_2010_esri in the TOC, Properties, Symbology, Quantities,

change the Value field)

1.2 Attribute Queries

We can now perform an attribute query.
For example you might want to select all
tracts in Middlesex county (or the state for
which you downloaded data) that have
20% percent of its residents living below
poverty level (these queries will depend on
the variables you downloaded). As the
table and the map window are dynamically
linked, your selection results will be
visible in both places.

5. On the main menu bar at the top of
the geographic data view, click on
selection and then “Select by
Attributes.” A select by attribute
window appears. Or, in the corner

of the table itself| <7 click on the
“Table Options” pull down menu
and click “Select by Attributes” or

click on the icon for B ! “Select
by Attribute” at the top of the table.

Select By Attributes @
Layer. |°® MA_Middlesex_tracts_withACS13povertydata |~7 ]|
["] Only show selectable layers in this list
Method: ICreate a new selection ~

HCO1_MOE_VCO01
HCO02_EST_VCO1
HC02_MOE_VCO01
HCO3_EST_VCO1
HCO03_MOE_VCO01

m

| ‘ | <> ‘ | Like ‘ 20.600000000000001 ~

21
2= And 21.100000000000001

L2 J[>=] [and]
21.199999999999999

l ‘ l <= ‘ l 20 ‘ 21.600000000000001 =

(] [0 ] [Nt ] | 2 onoecneon -

Is Get Unique Values | Go To:
L5 ]

SELECT * FROM MA_Middlesex_tracts_withACS13poverydata WHERE:

HCO03_EST_VCO1 >= 20

| Clear | | Load..

| | Veiy || Help

| | save.

I

[ ok || || Close

Apply

)

Regardless of which screen you

use to access the “Select by Attributes” window, a similar screen becomes visible (the
Select by Attribute dialog accessed from the table screen does not contain the Layer line
because you are already working in a table for a specific layer). Under fields, scroll down
to a variable you want to query (HCO3_EST_VCO01 for example) and double click on it. Then
click on “> =" and then type 20 as shown in the screenshot. This will select all the tracts
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in Middlesex County, MA where more than 20% of the population are below the poverty
line.

Click Apply and then the tracts are highlighted in both the map as well as the table.
Click on any column in the table to highlight it and then click on the right mouse button.
From the accompanying menu, you can select Sort Ascending or Sort Descending.

9. (optional) Right click and open the attribute table. You can add fields to a table. In the

o N

Table OptionS 1 . Add Field B [ | [ add Fieid (B o |
menu, select Add o [ S —
Field called PcMinority or o _
. . ype: l Double - ] Type: I Double - I
PcHispanic of type Double. _ _
. . . Field Properties Field Properties
10. (optional) Right click on the [Frociin £ , [Fregsion £ ‘
newly added column [seae [0 ! [cae D ‘
Pcminority and select Field
Calculator. Double click on
the fields as shown in the
screenshots that follow to [ Carce ] [ Carca ]
) [ =m= COmpose the new variable.
e = 11.Note that you might get an

Fields: Type: Fields: Type:

POPOO_SQMI " @ Number
PoP2010

error where the population is 0 (a
divide by 0 error) so you might need

3

AVERL_ES 417 @number

AAAAA

HAWN_PT £

HISPANIC o &

BLACK. o
E
E

.
)
)
0 e
Fix: ; WHITE Date
;
OTHER L: )
sin ()
Sar ()
)

( )
e . to first do an attribute query (see
= = screenshot) to select only tracts
Seons DOREEE | | gnn[aja]e o AaE =

(IHisPANIC] / [POP2010]) F 100 B (((PGP2010] - [WHITE])/ [POP2010]) * 100

- - "
Ceear Load, save, rep Ceear Load... save. Hep = ™

which have a population greater than 0. 3 o

12.You can also calculate statistics by selecting
“Statistics.” For example one could calculate the
average minority percentage in tracts where there is
greater than 20% population below poverty population.
Right click on the column PcMinority column and select Statistics to get a screen as

shown below. The mean percentage minority in high poverty tracts is about 42%
Selection Statistics of MA_Middlesex_tracts_withACS13povertydata ==

Field
M Frequency Distribution

Stalistics

Count: 3

Minimum: 17.348837
Maximum: 74.441384

Sum: 1313.100791

Mean: 4235809

Standard Deviation: 12449426
Nulls: a
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1.3 Spatial Queries
13. Add the rail network layer MA _railroad. E— =3
14.0n the main menu bar, click on selection, and then | s e ion o of mors e eyers basse on herr ocston n

select by location. In the example shown you will | seicen metnoc:

select all the census tracts (in Middlesex County) I:e‘::;“(m :
that are within 0.25 mile of a rail line as shown in i

the screenshot. Note that if any part of the tract is

within ¥ of a mile the entire tract will be selected.

1.4 Spatial Join
You can also spatially join two datasets. You will overlay
the rail road data to the Middlesex tracts and calculate the | /oS stesebrsnsis

Source layer:

length of railroad in each tract. 7 WA railroad

Use selected features (0 features selected)

|4

Spatial selection method for target layer feature(s):

15.Right-click on the census tracts shapefile in the
TOC, then select “Joins and Relates™ to get the

are within a distance of the source layer feature -

Apply a search distance

window as shown in the screenshot where you 0250000
specify the layer that needs to be joined spatially. oot selectbylocatin ok | [_agply | [ close

The result of the spatial join is saved in new
variables in the new shapefile that includes data from both the joined shapefiles.
16.You can then symbolize by length of railroad in a tract.

I B
Join Data M

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

[Juin data from another layer based on spatial location v]

1. Choose the layer to join to this layer, or load spatial data from disk:

[ MA_railroad k3 @]

2, Youare joining:  Lines to Polygons

Select a join feature dass above. You wil be given different r
(| options bazed on geometry types of the source feature dass
and the join feature dass.

(@) Each palygon will be given a summary of the numeric attributes
of the lines that intersect it, and a count field showing how
many lines intersectit,

How do you want the attributes to be summarized? '
[ Average [ Minimum [ standard Deviation .
Sum I:‘ Maximum D Variance .
(7) Each palygon will be given all the attributes of the line that is
dosest to its boundary, and a distance field showing how dose
the line is {in the units of the target layer).
B = layers i Note: A line faling inside a polygon is treated as being dosest
B @ MA_rsilroad to the polygen, (i.e. a distance of 0). H
-
- mllmad by, tracts- MAMiddlesexCounty 3. The result of the join will be saved into & new layer.
Sum:LE_NGTH Specify output shapefile or feature dass for this new layer:
[70.000000 - 1.264961
11264962 - 5127458 Jesktop\USA_data'vairoad by tracts MAMiddiesexCourtylsh] (2]
[ 5.127490 - 2.867790
9867791 - 22770127
(S = y




