GIS lll: GIS Analysis
Module l1a: Network Analysis Tools

*** Files needed for exercise: MI_ACS09_cty.shp; USBusiness09_MlI.dbf; MI_ACS09_trt.shp; and
streets.sdc (provided by Street Map USA)

Goals: To learn how to use the Network Analyst tools to perform network-based analyses. Specifically,
to use the Network Analyst Extension to add network locations, set your analysis properties and
perform a basic service area analysis.

Skills: After completing this exercise, you should have a basic familiarity with Network Analyst Tools and
have experience performing a service area analysis.

Service Area Problem: We are interested in finding out the percentage of Michigan’s population that is
within a 30 minute drive time from any Target store. To do this we will create service area polygons
representing a 30 minute drive time through a nationwide network dataset (StreetMap USA) to a Target
retail store. We will use Target locations for the state of Michigan from the InfoUSA dataset.

Prepare your node data:

1. Open ArcMap.

2. Right click on your data frame and set your coordinate system to Michigan’s standard projected
coordinate system: Projected Coordinate Systems > State Systems > NAD 1983 Michigan GeoRef
(Meters).

Note: All training state systems are listed in the StandardMapProjections.txt file located in the
Exercise01_data folder.

4]

Data Frame Properties ?

Featurs Cache I Annctation Groups | Estert Indicators | Frame | Size and Position
General | Data Frame Coordinate System llumination
Current coordinate system:

MAD_1983_HARN_Michigan_GeoRef_Meters - Clear
Projection: Hotine_Oblique_Mercator_Azimuth_Natural _¢
False_Easting: 2546731.436000

False_Morthing: -4354009.816000

Scale_Factor: 0.999600

Azimuth: 337.255560

Longitude_Of_Center: -86.000000

Latitude_Of Center: 45,309167

Linear Unit: Meter

GCS_Morth_american_1983_HARN
Datum: D_Morth_aAmerican_1983_HARN -

4 [ b -ansformatione. ..

Select a coordinate system:

NAD 1983 (CORS596) Oregon Statewide Lambert (Meters) » Modify...

NAD 1983 California (Teale) Albers (Meters)

NAD 1983 Florida GDL Albers (Meters)
NAD 1983 Georgia Statewide Lambert (S Feet)

NAD 1983 HARN Oregon Statewide Lambert (Intl Feet)

NAD 1983 HARN Oregon Statewide Lambert (Meters)

MNAD 1983 HARN Texas Centric Mapping System Albers (b =
« [ r

NAD 1983 HARN California (Teale) Albers (Meters) =

MNAD 1983 HARN Florida GDL Albers (Meters)
NAD 1983 HARN Michigan GeoRef (Meters)

NAD 1983 HARN Mississippi TM (Meters)

g tes

Rem

oK ][ Cancel ][ Aeply |

Click OK.
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3. Add Ml counties: MI_ACS09 cty.shp. This county shapefile will provide some useful geographical
context for your analysis.

4. Addthe InfoUSA table USBusiness09_MlI.dbf. These data represent all the M| businesses present
in the 2009 InfoUSA dataset. (If you are interested, similar data for your state can be accessed
here: https://cehi.nicholas.duke.edu/share/projects/gis-state-surveillance-phase-iii/gis-
state-surveillance-phase-iii-implementation-teams/shared-documents/infousa/)

5. Next you will make a selection from this table in order to limit records that represent a
Target Retail Store business.

a. Right click on the table in your table of contents (TOC) and select open to open
the table for viewing.

o= -
M=

b. Click on the drop down arrow on the table options icon Y215l to select by

attributes.
c. Create anew selection WHERE: "CompanyNam" =TARGET" and click apply.
7| =

Select by Attributes

Entera WHERE clause to select records in the table window.

Method : Create a new selection &

QI -
"CompanyMam"” |
"Address"

"State" .
2 () (=)
ENiESrT
() ()
e Lo [a]
s [ Get Unique Values | Go To

SELECT * FROM USBusiness03_MI WHERE:
"ComparyMam" =TARGET

-

E]

Clear H Verfy H Help H Load H Save ]
[ Apoy Close

You should note that 58 out of 121295 records have been selected in the lower right
hand side of your table.
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T

4 1% E (58 out of 121295 Selected)
USBusiness09_MI

These represent the records that meet the requirements of your query- Target Stores


https://cehi.nicholas.duke.edu/share/projects/gis-state-surveillance-phase-iii/gis-state-surveillance-phase-iii-implementation-teams/shared-documents/infousa/�
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6. While the table is still open click on the table options icon again and select export; this will

export the 58 selected records to create a new table.

7. Savethetable as Target USBusiness09_MI.dbf in the exercise 1a folder; make sure you select

dBASE Table in the Save as type: dropdown.

Saving Data o=
Lookin: [Elﬁ '|%{:I.ft::| v|_4“|&|‘~—‘@'
Name Type
[ESlUsBusiness09_MLdbf dBASE Table
Name: Target_USBusiness09_MI.dbf
Save 2= type: | 4gAsE Table v] [ Cancel |

When you are asked if you would like to add the new table to the current map, click yes.

8. Right click on your table and select Display X|Y data. Do not click OK yet!

-
Display XY Data

7| =

A table containing X and Y coordinate data can be added to the
map as a layer

Choose a table from the map or browse for another table:

| Target_USBusiness09_MI J
Spedify the fields for the X, ¥ and Z coordinates:

X Field: Long -
Y Field: Lat -
Z Field: <None > -

Coordinate System of Input Coordinates
Description:

Projected Coordinate System: -
MName: NAD_1983_HARN_Michigan_GeoRef_Meters

Geographic Coordinate System:
MName: GCS_Morth_American_1983_HARN

4 F
|| show Details

Warn me if the resulting layer will have restricted functionality

OK ] [ Cancel

)
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9. Note that the raw data from the InfoUSA data is geographically defined using latitude and
longitude coordinates (decimal degrees). You will need to let the software know to use a
Geographic Coordinate System, NAD 1983, for proper georeferencing when displaying X|Y data.

10. Click Edit > Select > Geographic‘Coordinate Systems > North America > NAD1983 and click Add.

/{ Spatial Reference Properties ? = l

[ 1 |

Browse for Coordinate System 2_3

Look in: lENorthAmEnm '] & @ (¥ ‘ Ell = &
Name Type .
3 NAD 1927 prj Coordinate System o
';3 MAD 1927 (CGQTT).prj Coordinate System
@ MAD 1927 (Definition 1976).prj Coordinate System
() NAD 1983 pr Coordinate System |
@ MNAD 1983 (CORS96).prj Coordinate System L
C,‘ MAD 1983 (CSRS).prj Coordinate System )
C’, MNAD 1983 (N5R52007).prj Coordinate Systermn
@ MAD 1983 HARM.prj Coordinate System
A . _anoE e B i dfll| | |
Name: NAD 1983.prj Add

Show of type: lCuord\natE Systems - | ‘ Cancel |

New =| Create anew coordinate system,

Modify...
‘ Clear Sets the coordinate system to Unknown,

Save the coordinate system to a
file

Edit the properties of the currently selected
coordinate system.

‘ Save As...

| OK Cancel | Apply

Finally, click OK. You have now let the software know that these are Geographic Coordinates.

11. Your 58 target stores should now be displayed on top of your Michigan counties.
12. Right Click on your ‘event’ class and export to a new shapefile.
13. Using the same coordinate system as the data frame, name the shapefile: MI_Target retail.shp.

Export Data [ ? S

Export: | All features - ]

Use the same coordinate system as:
(") this layer's source data
(@) the data frame

the feature dataset you export the data into
{only applies if you export to a feature datasetin a geodatabase)

Output feature dass:

Add the the new shapefile MI_Target_retail.shp to your project.

Network Analysis:
1. Turn on NA extension - Customize > Extensions.
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[ A 10
Copyrght D188 010 ESH Ine: AL Faghts Heserved

fhxus Esticns: [ |

2. Activate your NA toolbar - Customize > Toolbars > Network Analyst.

Customize | windows  Help

_| Toolbars 3 |

] Extensions...

add-In Manager. .. i

Customize Mode. ..

Style Manager. .,

arcMap Options. ..

Looks like this:

Nebtwork Analyst

=g | <[5l B (3| Metwork Dataset: I

wf-ﬂ
ha

EHI,

Children's Ervironmental [ealth Initiative

3. Add your StreetmapUSA network dataset streets. Choose yes to add all feature classes that

participate in the network dataset.

1I
Look in: Iﬁstreets j & L3 | g - | £ | By &
I I Type I
SDC Metwork Dataset
streets, sdc SDiC Feature Dataset
7 Shreets. Iy Layer

Show of bype: IDatasets and Layers j Cancel |

Note: This is a nationwide dataset included in your ESRI ArcGIS Data disks. Be forewarned- it is large. The
.sdc format is un-editable, but it means you will not need to create your own network dataset. You
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should see a detailed road network begin to fill in. You can turn these off by un-checking them in the
TOC to speed things up a bit.

4. |If your network analyst window is not visible, make it visible by left clicking on & in the
toolbar.
5. Inthe Network Analyst toolbar, click Network Analyst > New Service Area.

Network Analyst

Metwork Analysk =

Mew Route

| Mew Service Area |

Mew Closest Facility
Mew 0D Cost Matrix
Mew vehicle Routing Problem

Mew Location-allocation

Options...

6. Adjust your service area properties and analysis settings. Left click on the Service Area
Properties icon in the Network Analyst window (in the upper right-hand side).

EI)

Polygons (0)
Lines (0}

[ Point Barriers (0)
Restriction (0)
Added Cost (0}

E Line Barriers (0)
Restriction (0)
Scaled Cost {0)

Bl Polygon Barriers (0)
Restriction (0)
Scaled Cost (0)

(=] Tabie OF Contents

7. Under the General tab, name this service area layer: Target 30 min drive time; click Apply rather

than OK.
TN X
Ureflensston | dcoumiston | AsbuePwssetws | Mok Locstion |
Geed | e | Sese | AndweeSewsn | PolgonGemsen |
Loy Mame: [ Torget 30w v e 7 vable
S =
=
Credty: |
e e
b e o o e
1 Do shoms by e et
L L [ @
Inbeynd: [shane: ,'Mml ﬂ&ﬁ

I S
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1. Under the Accumulation tab, check Time. This will set your impedance measurement or cost for
moving through the network based on time. Click Apply rather than OK.

JLover Properties 1%
Geerd | Lwen | Sowce | AndwisSemngs | PobgonGenession |
L Gionensh . | . | Motk Locatons |
Actamulston Attrates
Name Lirdts
B T Mrutes
O erath ks

ok | cwxel i |

2. Take a look at your Attribute Parameters tab. You can see that the time attribute is informed by
speed limit parameters for your network. Click Apply rather than OK.

| Anelysis Settings | Polygan Generation
Atrbute Parameters | Network Locations

Specify the parameter valuss for the network attributes,

Attribute [ Parameter [ ¥alue [
Time 10VPH 10

Time 15VPH 15

Time 20MPH 20

Tme Z5MPH z5

Time 30MPH 20

Time 3MPH 35

Tme SOMPH 0

Time E5MPH &5

Time OtherRoads 5

ok | ceneel | aww |

3. Under the Analysis Settings tab you should see that your impedance or cost will be measured in
time (minutes). Set your default break as 30 minutes. Set your direction as Towards Facility. Go
with defaults for the remaining options on this tab. Click Apply rather than OK.
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Layer Properties

Line Generation |

Accumulation

Attrbute Paramsters |

2lx

Network Locations |

Gerersl | Lees | Sours AnalysisSetings | Polygon Generation
ing Restrictian
Impedance: [Time tMinutes) =l Onesiiay
TurnRestriction
Default Breaks: 30
Direckion:

" Away From Facility
% Towards Facilty

U-Turns at Junctions:

¥ Ianore Invalid Locations

Allowed =

k|

Corcel |

Apply |

4. Under the Polygon Generation tab, keep all the defaults with the exception of Multiple
Facilities Options. Select Merge by break value and click Apply rather than OK.

Layer Properties

Line Generation |

Gereial | Layers

¥ Generate Polygons
[~ Polygon Type
= Generalized
" Detailed
[ Trim Polygons
100

Meters al

Azcumulation |

Attribute Parameters I

Souwce | Analysis Sefiings

2lx]

Mebwork Locations
Palygon G eneration

i~ Multiple Facilities Options
" Qwerlapping
Create pokygons For sach facilty. Thess
polygons may overlap.
" Not Overlapping
Allocate pokygons to the closest Farilty.
% Merge by break value

Jain polygons of mulkiple Facilities having the
same break values,

[ Excluded Sources

~Overlap Type
% Rings
Do not include khe area of the smaller breaks.
Create the polygons going between
cansecutive breaks,
1 Disks
Create the pokygons going From the Facility ko
the break.

<>
<

alii>
-

o]

Concel |

Apply

5. Under the Network Locations tab we will set the tolerance for loading or locating the Target
store locations on the network dataset. Set the Search tolerance for finding the Target stores
on the network to 500 meters. This will set the tolerance for loading locations onto the network
(i.e. locations up to 500 meters from a road will be located on the network).
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[Lavw Pt x|
Gewd | L | Soues | AvskesGelne | PobonGessies |
UnaGamsion | Accomision | Arbuse Prseters [T p—
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6. Click Apply then OK.

7. Right click on Facilities in the Network Analyst window and select Load locations.
The target stores are the Facilities that you will be creating service areas for.

[Target 30 min drive time i =]
Facilities {0)
Polygons {0)

Lines (0}

[ Point Barriers (0)
Restriction (0}
Added Cost (0)

[ Line Barriers {0}
Restriction (0)
Scaled Cost (0)

= Polygon Barriers (0)
Restriction (0}
Scaled Cost (0)

8. Make sure that your shapefile MI_Target_retail.shp is the data to be loaded and select Address
as your sort field. You can sort by any of the attributes in the table but it is a good idea to use a

unique identifier. The Search Tolerance you input in the Network Locations tab should be
reflected here.

ot [N Tyt e

¥ oty e o e

e




p
L EHT

Children's Ervironmental [ealth Initiative

GIS lll: GIS Analysis
Module l1a: Network Analysis Tools

9. Click OK. You should see 58 facilities located in your Network Analyst window.

S5 JACKSON NG
W

@ 500 E EDGEWOOD ELVD

Solve the 30 min drive time service area problem:

Remember- we want to create a network-based area that represents a 30 minute drive time to any
Target store within M.

1. Right click on the solve icon ﬁ . This may take a bit of time (remember that we are using a very
large network dataset).
2. While you wait, take a look around. Take a look at the lower left-hand side of your screen. If you
Bl&u 4]
see this: empdtingserdcearea | jt’s @ good sign. Some indication of progress on the lower right-hand

side of your screen is also a good thing: ~Hl 25% . Now is also a good time to stretch out
and ask any questions you may have.
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3.  When the solving is complete you should see something that looks like this:

4.

In your table of contents you will see the results of your analysis. Export the polygons for your
analysis to a new shapefile by right clicking on them and choosing Export Data. This time, use
the projection system of the data frame. Name the file 30min2target.shp.

Expart: IAII features j

Use the same coordinate system as:
€ this layer's source data
%' the data frame

€ the feature dataset you expaort the data nto
(only applies if you export bo a feature dataset in a geadatabase)
Oukput Feature class:

Add 30min2target.shp to your dataframe

5. Add the Michigan Census tracts: MI_ACS09 trt.shp.
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6. Click Selection > Select by Location. Spatially select all census tracts (target layer) that have
their centroid (center of gravity) in the 30 minute drive time polygon (source layer). We will
make an assumption that all tracts with their centroid within the 30 minute drive time polygon
have populations that are within the 30 minute window to a Target store. Click Apply; then OK.

Select By Location E ¥ 237

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

Selection method:

[setect features from -

Target layer(s):

O Lines -

[ Line Barriers

[ Palygons

[ Polygon Barriers
[ MI_Target_retail
[ 5DC Edge Source
[ SDC Edge Source 2
[ SDC Edge Source 3
[ SDC Edge Source 4
[0 MI_ACS09 _cty
MI_ACSD9_trt -

m

Only show selectable layers in this list

Source layer:

)"@' 30min2target j

Use selected features (58 features selected)

Spatial selection method:
Target layer(s) features have their centroid in the Source layer feature -

[] apply a search distance
20000, 000000
——

The results should looks something like this:

7. Openthe table for MI_ACS09_trt.shp; you should see that 2171 of the 2757 Ml tracts have been
selected. Right click on the TotalPop attribute field and select statistics for these selected
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w/x
ha

EH

Children's Ervironmental fealth Initiative

tracts. Take a look at the sum of the tract values for your selection. There are 8,111,453 people
within a 30 minute drive time of a Target.

Selection Statistics of MI_ACS0S trt ? R_ e
Field
lataiEoe: b Frequency Distribution e
Statistics: F
Court: 2171
Minimum: 0 -
Maxdmum: 16760 ]
Sum 8111453 E
Mean: 3736274988
Standard Deviation: 1840 477877
0 3792 7584 11376 15168
« » 1896 5688 9480 13272 E
26005031300 4130 4040 o 24 62 64 96.42 0 0.57
26005032000 5085 4919 23 0 10 133 96.74 0.45 0
PRONSNAZ100 5779 553 0 16 n 155 96 73 n n31

8. Now Clear selection and take a look at the sum of the tract values for all of MI. The total

Michigan population estimate in 2009 was 10,039,208.

| 26003980300 | 2512 18| 53| 0] 26| 54 75.68 | 21.14 | 0]
— Statistics of ML_ACS09._trt [?] 2= |b—
1| Feld
— TotaiPop = Frequency Distribution —
—| Statistics: —
1 Istics 500 :
Count: 2757
| Minimum: 0 400 -
— Maimum: 16760 300 F—
—1 | Sum: 10035208 |
|| Mean: 3641352194 200 | -
B Standard Deviation: 1823.186463 100
= 0 e
| 0 3684 7368 11052 14736
A ez b 1842 6526 9210 12894 16578 | S
| 26005031800 | 4150 | 4040 | 0] 24| 62| 64 96.42 | 0] 057 |
[ 26005032000 | 5085 4918 23| 10| 133 ] 9674 | 045 | ol

Solution: It looks like ~ 81% of MI’s population is within a 30 minute drive time to a Target.

Discussion:

1. Do you buy this?
What are some likely assumptions/caveats to this type of analysis?

N

3. Do you think Target used location-based intelligence when locating its stores across the

state?

How could you use a similar service area analysis in your work? What would you do
differently?



