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GIS II: Data Management
Leveraging the Where of Geographic Data Exercise

*** Files needed for exercise: MN_Tracts 2010.shp, and MD_USA_ CANADA.shp

Goals: The goals for this exercise are to gain experience performing spatial joins and selections and to

review your understanding of spatial data projections.

Skills: After completing this exercise, you will be able to spatially join a point dataset (businesses of
interest) to a polygon dataset (census tracts). This is a useful method for the enumeration of points within

polygons: i.e. what is the count for points of interest within geography of interest?

Adding Data and Checking Coordinate Systems

1. Open ArcMap. Choose to start a new blank map.
2. Click the Add Data button “*" 7 .

3. Click on the Connect to Folder button = . Browse to the Leveraging the Where
Exercise_Data folder and connect to it. You now have a permanent connection to that folder.

4. Double click on MN_Tracts _2010.shp to add it to your project. This shapefile has American
Community Survey 2008-2012 socio-economic and demographic data appended to it.

5. Open the table for the shapefile and take a look at the attribute fields.

Table O =
SRR 1
MMN_Tracts_2010 X
TotEduc Educ_[HS Educ_HS Educ_sColl Educ_Assoc | Educ_BA | Educ_MA pct_HHS pct_HS pct_sCaoll -

3 2753 64 387 473 276 1150 403 2.3247| 14.0574 171813 |1|
1828 73 T 424 214 616 124 39934 17.3414 26477
1252 204 473 200 173 15 a2 152935 | 381785 155744
80924 384 1800 1809 915 3054 1042 40518 20.0358 20,1358
2485 402 842 521 152 340 132 16.1511| 37.8465 20,9321
1912 30 769 382 145 274 32 162134 | 402197 19.9791
3877 387 2873 1036 381 396 304 99819 225174 287217
3597 44 1170 am 166 955 3 12232 32.52M 242145
2621 470 736 380 243 8T 275 17.9321 | 28.0808 144583
3819 178 742 656 204 1037 1002 46509 194282 171773
2123 383 560 305 237 332 256 18.0405| 263778 14 3865
2807 220 725 705 220 573 363 7.8375| 25.8839 251158
1374 37 255 404 61 445 187 2.8529| 188317 254032
2105 106 454 354 81 619 451 5.0356| 228928 16.8171
2777 115 245 604 260 670 283 41412 | 30.4285 21.7501
4245 183 821 as7 427 1285 663 43085 193358 201837
4666 119 1288 1124 391 1280 454 2.5504| 27.6038 240882
3264 100 713 502 43 787 3 3.0837 | 21.8444 278348
3089 47 434 863 I 1074 360 1.5215| 14.04%8 278378
Je02 183 723 855 251 1132 658 48133 19.0163 224882
2070 121 563 385 174 581 281 5.8454| 274338 178325
4477 118 1019 1078 223 1105 934 2.8357| 227808 240725
3252 418 1045 788 254 557 145 12.85358| 32.25M 24282 i

‘ 1737 ’?7&' :[71 L AR 7n A1 R F7ANR 3R 73INS 741 RR"{P

T 1 » » [E]S ] ©outof 133 Selected)

MM _Tracts_2010
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6.

7. Since this is the first projected layer you have added to your map data frame, the data frame
projection now matches MN_Tracts_2010.shp. Check this by right clicking Layers and going
to Properties. Take a look at the Coordinate System tab. Once you've verified that it is the

This shapefile is projected properly to conform to the standard projected coordinate system
for Minnesota. Confirm this by right clicking on the shapefile in your table of contents (TOC),
clicking Properties, and then selecting the Source tab. Once you’ve verified the projected

coordinate system, close the Layer Properties.

Layer Properties =

General | Source |Selection I Display I Symbologyl Fields I Definition Queryl Labels I Joins & Relatesl Time I HTML F‘opup|

Extent
Top: 5472414.143678 m

Left: 189779.182962m Right: 761657.136733m
Bottom: 4816296.002657 m

Data Source
Data Type: Shapefile Feature Class -
Shapefile: R:\Projects\CDCVGIS_Surveillance\Phase_9\Training_co
Geometry Type: Polygon L
Coordinates have Z values: Mo 3
Coordinates have measures: Mo 3

Projected Coordinate System: MAD_1983_UTM_Zone_15M

Projection: Transverse_Mercator

False_Easting: 500000.00000000

False_Morthing: 0.00000000 -
i 1] 3

Set Data Source...

[ 0K ][ Cancel ] Boply

——

same, close the Data Frame Properties.
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Data Frame Properties S

Feature Cache | Annotation Groups I Bxtent Indicators | Frame | Size and Position
General | Data Frame | Coordinate System | llumination | Grids

-" - | Type here to search ~ @ # | ﬁ; - 5t

£} NAD 1983 UTM Zone 7N -
) NAD 1983 UTM Zone 8N
{22 NAD 1983 UTM Zone 9N
(73 NAD 1983 UTM Zone 10N
(73 NAD 1983 UTM Zone 11N il
) NAD 1983 UTM Zone 12N =]
(23 NAD 1983 UTM Zone 13N
(23 NAD 1983 UTM Zone 14N
(23 NAD 1983 UTM Zone 15N

ﬁ BIATLAODD 1ITEA T~ 1ERI

Current coordinate system:

MAD_1983_UTM_Zone_15M
WKID: 26915 Authority: EPSG

| »

m

Projection: Transverse_Mercator
False_Easting: 500000.0
False_Morthing: 0.0
Central_Meridian: -93.0
Scale_Factor: 0.9996
Latitude_Of_Origin: 0.0

Linear Unit: Meter (1.0)

Transformations... I

OK || Cancel Apply
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Projecting On the Fly
1. Add MD_USA_ CANADA.shp to your project from the Exercise_Data folder. A Geographic

Coordinate Systems Warning dialogue box will appear.
| A b

I '

Geographic Coordinate Systems Warning 2

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

Data Source Geographic Coordinate System
MD_USA_CANADA GCS_WES_1984

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

You can use this button to spedfy or modify the

Ti formations...
transformation(s) used by this data frame: ranstormatons

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

[ Don't warn me again in this session
|:| Don't warn me again ever

About the geographic coordinate

systems warning

2. Click Close. You should now see MD_USA CANADA.shp in the TOC on the left hand side.
MD_USA_CANADA.shp is a continental (and also Hawaii!) dataset of McDonald’s
restaurants, so it probably uses a coordinate system that differs from MN_Tracts_2010.shp;
confirm this. What coordinate system is defined? GCS_WGS_1984 is the de facto projected

coordinate system for Global Position System (GPS) gathered data (these came from Points

of Interest Factory — check it out: http://www.poi-factory.com/node/11154 ). Note these data
are current as of 12/11/2016

4. Since the projected and geographic coordinate systems are both defined, ArcMap can project

on the fly and make the McDonald’s data work in the same data frame as the Minnesota tract
data.

5. The McDonald’s eating establishments should be displayed above your tracts.


http://www.poi-factory.com/node/11154
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6. For kicks, right click on MD_USA_CANADA.shp in your TOC and select the Zoom To Layer
option. You should see the many McDonald’s restaurants across the USA & Canada that
have been projected on the fly to NAD_1983_UTM_Zone_15N.
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7. Open the attribute table to find out how many McDonald’s are in the table; you should see
15,669 records - each represents one McDonald’s restaurant.
8. Once you have done this zoom back to the Minnesota tracts by right clicking on the

MN_Tracts_2010.shp and selecting Zoom to Layer.

Performing a Spatial Selection of Points
1. Under the selection menu select choose Select by Location to bring up the Select by
Location dialogue box. You want to use the location information of both the McDonald’s
points and tracts (Minnesota) to select features from the target layer (McDonald’s points)
that: are within a distance of... 2 miles from the source layer (Minnesota tracts). Plainly
put: which McDonald’s restaurant points are in located inside of, or within a distance of 2

miles from the border of Minnesota?



N

p

GIS II: Data Management
Leveraging the Where of Geographic Data Exercise

Select By Location | = |

Select features from one or more target layers based on their location in
relation to the features in the source layer.

Selection method:
[select features from v]

Target layer(s):

MD_USA_CAMADA
[0 MN_Tracts_2010 I

[] only show selectable layers in this list

Source layer:

| MN_Tracts 2010 |

Use selected features (0 features selected)

fetal selection method for target layer feature(s):

are within a distance of the source layer feature

Apply & search distance

2 [Miles

;hbout select by location [ oK ] [ Apply ] [ Close

b, "

2. Apply your spatial selection and then click OK.
3. Rightclick on MD_USA_CANADA.shp in the TOC and open the table; how many records

have been selected based on your spatial query?
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Table Of Conte.. ¥ X
8C8|H
= 7 layers
= MD_USA_Ck
. .
= MM_Tracts_,
O
b
* -
L, v
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yaieas §| Goieies dl |

MD_USA_CANADA

FID | Shape* Field1 Field2 Field3 -
¥ | 7029 | Point -03.698405 | 45.533576 | McDonalds-Aitkin MN

7030 | Point -03.35888 | 43.68626 |McDonalds-Albert Lea, MN

7031 | Point -83.36215| 43.5499%1 |McDonalds-Albert Lea, MN

7032 | Point -93.31685| 4385784 |McDonalds-Albert Lea,MN

T033 | Point -85.38888 | 45.84585 |McDonalds-Alexandria, MN

T034 |Point -85.365909 | 45.898585 |McDonalds PlayPlace-Alexandria MN

T035 | Point -83.35712| 4522027 |McDonalds PlayPlace-Andover MN

7035 | Point -93.30393| 45.24591 |McDonalds-Andover MN

T037 | Point -84.127614 | 45262742 |McDonalds-A MN

7038 | Point -53.405845| 4520778 |McDonalds PlayPlace-Anoka MN

7033 | Point -93.22027 | 4473224 |McDonalds PlayPlace-Apple Valley, MM

7040 | Point -03.20461| 45.05005|McDonalds-Arden Hills, MN

7041 | Point -82.98521| 43.86647 |McDonalds-Austin MN

7042 | Point -82.99329| 4357893 |McDonalds-Austin MN

7043 | Point -594.452091 | 45508445 |McDonalds-Avon MN

T044 | Point -94.614912 | 48713917 |McDonalds-Baudette MN

T045 | Point -94 248555 4534428 |McDonalds [WM]-Baxter MN

7045 | Point -93.86371| 4538871 |McDonalds-Becker, MN

T047 | Point -83.761632 | 44.619236 |McDonalds-Belie Plaine, MN

7048 | Point -54.89583 | 47.459207 |McDonalds PlayPlace-Bemidji MN

7049 | Point -94.86193| 47.45488 |McDonalds PlayPlace-Bemidji MN

7050 | Point -83.74531 45.3324 | McDonalds-Big Lake MN

7051 | Point -03.23368( 45.156597 |McDonalds-Blaine MN

7052 | Point -93.23524 | 45.19515|McDonalds-Blaine, MN

7053 | Point -93.24253| 44.35383 |McDonalds-Bloomington, MN

T054 | Point -93.33081 44 3104 McDonalds-Bloomington, MN

T055 | Point -93.301198| 4435904 |McDonalds-Bloomington MN

7055 | Point -83.27851| 4435762 |McDonalds PlayPlace-Bloomington MN

TO57 | Point -93.39628 44 3358 McDonalds-Bloomington, MN

7058 | Point -53.288373 | 44.830799 |McDonalds PlayPlace-Bloomington MN

T059 | Point -594.10156| 4353152 |McDonalds PlayPlace-Blue Earth MN

7060 | Point -04.181986 | 46.359987 |McDonalds PlayPlace-Brainerd MN

7081 | Point -94.217805 | 46.355872 |McDonalds-Brainerd MN

7062 | Point -93.32198( 45.0551%|McDonalds-Brooklyn Center, MM

7063 | Point -83.29987 | 45.10884 |McDonalds-Brookhyn Park, MM

7064 | Point -93.37695| 45.09408 |McDonalds-Brookhyn Park, MM -
<« [ v
[T 1 v E (238 out of 15669 Selected)

MD_USA_CANADA

Once you have confirmed that 238 records have been selected, close the table.

How could you have created this selection with a tabular selection?

Now you will export your selected McDonald’s to a new shapefile. In the process you will set

a new coordinate system, making sure it matches your Minnesota tracts. Right click on

MD_USA _CANADA.shp in the TOC. Select Data > Export Data.

7. Choose the radio button to indicate that you want to use the coordinate system from “the data

frame”. Recall that you have defined the projection for the data frame by adding

MN_Tracts_2010.shp as the first layer. With this information ArcMap can project the data to

Minnesota’s projected coordinate system.
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Export: [Selecbed features - ]

|se the same coordinate system as:

() this layer's source data

the feature dataset you export the data into
(only applies it you export to a feature dataset in & geodatabase)

Cutput feature dass:

GISlisslected\Leveraging_the_Where'Exercise_Data\MCD_MNshp (3]

8. Name your file MCD_MN and save it in your Exercise_Data folder.

Make sure you save as type: Shapefile. Click Save and add your new layer to the map.

; e
Lookin: [ Exercie Date Jet @l alao|

(E MN_Tracts_2010.shp
=MD_USA_CANADA.shp

Name: MCD_MH|shp

Save
Save as type: [Shapeﬂe ,] [ Earice] ]

9. Add the MCD_MN.shp to your TOC. You can now remove MD USA_ CANADA.shp from
your TOC.
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Performing a Spatial Selection of Polygons

1. You now have a shapefile that contains only McDonald’s within/or within a distance of 2 miles
of the border of Minnesota: MCD_MN. Let’s say you are interested in knowing all census
tracts that contain at least one McDonald’s restaurant. You could not do this using a tabular
selection and so you must use a spatial selection.

2. Click on the Selection tab and choose Select by Location to answer the question: which
census tracts contain a McDonald’s restaurant?

3. You will select features from MN_Tracts_2010.shp (Target layer) that contain features from
the MCD_MN layer (Source layer). To do this your spatial selection method will be: Target
layer features contain the Source layer feature. Click Apply, and then click OK.

i b |

Select By Location =

Select features from one or mare target layers based on their location in
relation to the features in the source layer.

Selection method:
select features from -

Target layer(s):

[0 MCD_MN
MM_Tracts_2010

[ only show selectable layers in this list

Source layer:
[ MCD_MN R
Lse selected features ({0 features selected)

Spatial selection method for target layer feature(s):

contain the source layer feature -

[7] Apply a search distance
2.000000 Miles

Close

About select by location oK H Apply ] [
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4. Take a look at your map; these are the census tracts that contain McDonald’s.

5. Now open the attribute table associated with MN_Tracts 2010.shp and toggle the buttons on
the bottom of the table to Show only selected records. How many tracts contain
McDonald’s? You should note that there are 218 tracts that contain a McDonald’s for the
state of Minnesota.

6. Take a look at median household income (MedHHinc) for the tracts that contain McDonald’s
as opposed to those that do not. To do this, right click on the MedHHinc field. Select
Statistics.

7. Switch the selection and check the descriptive statistics on those tracts that do not contain
McDonald’s.

8. This is great information and a good way to understand your data with a query, but like a

tabular selection it is not permanent. What about making a more formal connection between
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the data? How about determining the count of the McDonald’s restaurants by census tract?
You can accomplish this with a spatial join.

9. Clear your selected features using the ! putton.

Performing a Spatial Join
1. You are now ready to perform a spatial join between two related layers of data with the goal
of answering a question that was initiated by a spatial selection: How many restaurants of
interest are present with each host tract?
2. Open ArcToolbox. Go to Analysis Tools > Overlay > Spatial Join.

[£§ ArcToolbox
+ ﬁ 30 Analyst Tools
—|-§5l Analysis Tools

+ % Extract
- % Creerlay
#*¢ Erase

A Tdenticy
}" Inkersect

A Spatial Join
#° Symmetrical Difference

3. Our Target Features (the data to which you are appending) will be: MN_Tracts _2010.shp .
Our Join Features (the data you are appending) will be: MCD_MN . Join Operation: you want
to JOIN_ONE_TO_ONE. Keep the default: keep all target features checked, and Match
option: CONTAINS.
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=nt\GISII_SHD\GISII-selected L everaging_the_Where\Exercise_DataMN_Tracts_2010_MCD_sj.shp

Join Operation (optional)
JOIN_ONE_TO_ONE

Keep All Target Features {optional)

Field Map of Join Features {optional)

[#)- STATEFP10 (Text) -
[~ COUNTYFP 10 {Text)
TRACTCE10 {Text)
GEQID10 (Text)

i1 NAME 10 {Text)
11-NAMELSAD 10 (Text)
1) MTFCC 10 (Text)

11- FUNCSTAT10 (Text)
- ALAND10 (Double)
AVWATER 10 (Double)
11 INTPTLAT10 (Text)
- INTPTLON10 (Text)
- TotEduc (Double)

- Educ_ItHS (Double)
- Educ_H5 (Double) -

m

€ B [ @

Match Option (optional)

o)

4

Co
Search Radius (optional)

-

m

Match Option

Target Features
[N Tracts_2010 ] (optional) 1
Join Features Def h L g

- + efines the cnteria used to
IMcD_MN = match rows. The match
Output Feature Class options are:

+ |INTERSECT—The
features in the join
features will be
matched if they
intersect a target
feature. This is the
default. Specify a
distance in the
Search Radius
parameter.

+ INTERSECT_3D—
The features in the
join features will be
matched if they
intersect a target
feature in three-
dimensional space
(. y, and z).
Specify a distance
in the Search
Radius parameter.

o WITHIN_A_DISTANCE
The features in the
join features will be

Meters - - |4 1} +
[ oK ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help ]

-

|

home for on your computer. Make sure you save it in your Exercise_Data folder as a

shapefile (a good name: MN_Tracts_2010_MCD_sj.shp).

a. Think about this join: McDonald’s to tract. It is possible that one tract may contain

Notice that this spatial operation creates a new dataset that you will need to name and find a

more than one McDonald’s, right? So how will the attribute fields be handled for your

join features (McDonald’s) when multiple restaurants are present in a tract? There

are no fields that you are interested in capturing in from our Minnesota

McDonald’s table other than a count of restaurants by tract, but if you had

numeric values that you would like to keep tabs on by tract, like sales volume

or number of employees, you would adjust the merge rules for your fields in

the Field Map of the Join Features window. This controls what happens to fields

when there is more than one record that fulfills your match option (i.e. tracts that

contain more than one McDonald’s).

5. Click OK to run the spatial join tool. The new dataset will be automatically added to your table

of contents. Open the attribute table and take a look the fields. For every record in your tract
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table (each record represents a closed polygon geometry) where a McDonald’s is present,
information for the restaurant has been appended to the tract.

6. You can also check this by looking at the Join_Count field; it will be the first field in your new
table. A count greater than 0 means that the tract contains a McDonald’s.

7. Are there any tracts with multiple McDonald’s? Sort the Join_Count field in descending order

by right clicking on the field and choosing Sort descending.

Table O x
ERIE R Y
MM_Tracts_2010_MCD_sj s
FID Shape * JainECount TARGET_FID | STATEFP10 | COUNTYFP10 | TRACTCE1OD GE( »
45 | Pohygon 2 45|27 138 020301 271 39||:|
106 |Polygon 2 106 |27 123 041107 271231
283 |Polygon 2 283 (27 013 170500 27013
314 (Polygon 2 314 (27 141 030502 2714
363 |Polygon 2 363 (27 137 000300 27137
702 |Pohkygon 2 T0Z (27 145 000500 271451
1152 | Polygon 2 1152 |27 019 050701 270191
1332 | Pohygon 2 1332 |27 037 060820 270371
& |Pohygon 1 68|27 123 042401 27123
186 | Pohygon 1 18|27 138 020904 271391
31 |Polygon 1 3127 123 040402 27123
32 |Polygon 1 38|27 138 021300 271391
40| Pohygon 1 40|27 138 020203 271391
45| Pohygon 1 45|27 138 020200 271391
49 | Pohygon 1 49|27 123 041104 27123
55 |Polygon 1 5527 123 042402 27123
&9 | Pohygon 1 80|27 nos 450600 27005
78| Pohygon 1 7B |27 03s 451200 27035!
20 | Pohygon 1 20|27 03s 451600 27035!
22 | Pohygon 1 22|27 03s 451000 27035!
29 | Pohygon 1 20|27 03s 051302 27035!
102 |Polygon 1 102 (27 081 420802 27081
104 |Polygon 1 104 (27 123 042501 27123
114 |Polygon 1 114 (27 077 450300 27077
122 |Polygon 1 122 (27 nas 450300 27085t
125 |Polygon 1 12527 033 270400 27033 7
1 | 3

THR 0 r E (8 out of 1336 Selected)

| MN_Tracts_2010_MCD_s; |

Take a look at the resulting data; can you think of useful applications in your own work?



N

LCEHL

Children's Environmental Health Initiative

GIS II: Data Management
Leveraging the Where of Geographic Data Exercise

This type of examination is particularly useful in assessing the food environment for your state or
community. More information on assessing the food environment may be found here:

http://www.cdc.gov/obesity/downloads/HFRassessment.pdf

Modified Retail Food Environment Index Across Census Tracts within State:
- Measures the number of healthy and unhealthy food retailers across census tracts in a state
- Lower scores indicate:
0 Less healthy food retailers
0 More convenience stores and fast food restaurants relative to healthy food retailers
Modified Retail Food Environment Index Across Impoverished Census Tracts within State:
- Measures only census tracts where 20% or more of the residents are below the poverty line
Community Food Environment T == __ 4

Strategies to improve the community food environment include increased access and availability to healthier food retailers. The modified Retall Food
Enviranment Index (mBFEl) measures the numbear of healthy and less healthy food retailers within a census tract using the formula shown.
Faor this indicatar, healthy food retailers include supermarkets, supercenters, and
mRFE] = 100% # Healthy Food Retailers produce stores.t Less healthy food retailers include convenience stares, fast food
# Healthy Food Retailers + # Less Healthy Food Retailers | cacrayirants, and small grocery stores with 3 or fewer employess.t Higher mRFEl scores
indicate more access to healthy food retailers and fewer less healthy food retailers.

Indicator National Data*

= hModified Retail Food Enviranment Index acrass census tracts within state 10

= Modified Retail Food Envirenment Index acrass impoaverished census tracts within state 7

*The numbers shawn for national data sre the medians of all state seares
T Areas without these typsas af healt aby faad retailers may still provide adequate acceds if smaller stares and 1ast faod restauranty pravide quality and affordatle hea thy fonds and DEveraged

More information on mRFE can be found here:

http://www.cdc.gov/obesity/downloads/NationalActionGuide.pdf
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