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PREFACE 
 

This exercise manual was conceived and executed with several key goals in mind.  

First, the author wanted to create a free collection of exercises for distribution to students and faculty.  

Second, the author sought to create exercises and assignments using “real world” data that students will find 
interesting, or at least local to their own experience. 

Third, rather than simply teaching students “about” geography, I wanted to show students how to “do 
geography” so it becomes obvious that geography is a “problem-solving discipline” rather than just a subject 
for trivia specialists. 

 

Below are listed the Student Learning Outcomes associated with this series of GIS exercises. 

1. Students collect and analyze data related to the society’s social, economic and cultural processes 

a. Students create maps from data. 

b. Students make accurate measurements. 

c. Students critically interpret map data. 

d. Students engage theories about spatial phenomena to solve problems. 

e. Students use statistical formulae to test simple hypotheses. 

f. Students use GIS to analyze stochastic processes to solve problems. 
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USING THIS EXERCISE MANUAL 
Exercise Organization 

The assignments in this manual require access to ArcPro GIS, or perhaps a similar GIS software with analytic 
functions.  Older versions of these exercises designed for use with ArcMap GIS 10.x these exercises are 
available by request. 

Instructors wanting to use or adapt these exercises may request data, questions, and answer keys from the 
author.  Contact Dr. Graves at steve.graves@csun.edu   Instructors must provide proof of employment at an 
educational institute. 

Students may provide answers to assignment questions via paper, or online software, generally in the context 
of a learning management system, like Blackboard, Moodle, or Canvas.  Question banks are also available from 
the author by request. 

Multiple video tutorials accompany the exercises  Students seem to prefer the video tutorials to written 
instructions.  

The video tutorials are embedded into each exercise and are housed on my YouTube channel at the URL 
below: 

https://www.youtube.com/user/sgraves10/videos 

 

A C K N O W L E D G M E N T S  A N D  D O N A T I O N S  

The Third Edition of this collection of exercises, each re-written for use with ArcGIS Pro software, was funded 
in part an award from the Social Science Research and Instructional Center (SSRIC)  

https://ssric.org/ 

 

 

mailto:steve.graves@csun.edu
https://www.youtube.com/user/sgraves10/videos
https://ssric.org/
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INTRODUCTION TO GIS  
This exercise is designed to introduce students to several of the most basic 
functions of Geographic Information Software. This exercise, and the 
subsequent exercises in this series, are designed for use in general education 
courses. This exercise can be used in an on-campus, online, or hybrid format 
courses. Access to a high-quality internet connection, ArcPRO GIS (or similar), 
and a computer is necessary to complete this and subsequent assignments in 
this series. Computers with Microsoft Windows operating systems are ideal, but 
students with access to virtual terminal software (e.g., Citrix) may be able to 
logon remotely using a variety of software platforms, including Apple/Mac and 
Google/Chrome operating systems. 

Student Learning Outcomes 

1. The student working from home successfully installs virtual desktop client software 
or opens a cloud-based computing application, such as Citrix (optional) 

2. The student uses basic functions of GIS software, including pan and zoom, turning 
on/off layers of data, attribute ruler, identification, attribute tables 

3. The student recognizes the basic terms and concepts necessary to successfully use 
GIS software. 

4. The student demonstrates the ability to use basic tools in GIS software to identify 
demographic values from points, lines, and polygons. 

Software Notes: 

Computing is changing rapidly. Increasingly, companies and government agencies are 
housing computing-intensive applications, software, and data on central servers. Rather 
than installing software on a desktop or laptop computer, end-users, like you, will 
increasingly log on to a virtual workstation pre-loaded with software and connected to 
high-powered servers. 
 
At the time of this writing, two ESRI software products, ArcMap 10 and ArcGIS Pro, far 
outstrip all other GIS software packages in terms of users and popularity. However, several 
additional GIS software packages are widely available, including Maptitude and the popular 
open-source platform QGIS. Each software offers similar functionality, uses similar 
terminology, and similar logic – so learning one will greatly help your ability to use the 
others.  
 
This series of exercises were written for ArcGIS Pro because that software appears to show 
the most promise to remain the leading GIS software for government and business, and 

Exercise 

1 

https://qgis.org/en/site/
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software licenses for ArcGIS Pro are widely maintained on California State University 
campuses. An earlier version of this manual contains instructions for similar exercises using 
ArcMap 10x.  Contact Steve Graves for access to the earlier versions of these instructions. 
QGIS users should find most of these exercises easily converted for use in classes using “Q”. 

Instructions 

Familiarize yourself with Geospatial Technologies. 

1. Read the paragraphs below and watch the short video linked at the end of the section. 

In this course, you will get a brief introduction to using several tools of the geographer, 
including those known as geospatial technologies. Geospatial Technologies include 
multiple computing tools that collect, analyze, and display spatially organized data. The 
two main geospatial tools are GIS (Geographic Information Systems) and RS (Remote 
Sensing). You are probably somewhat familiar with GPS, Google Maps, and Google Earth, 
which additional geospatial technologies, but they have very limited analytical power. You 
can think of GIS as “Google Maps combined with advanced statistical software”.  

 
Geospatial technologies are becoming increasingly commonplace technological tools of the 
new century. College-educated persons should learn some of the basic functions of GIS, RS, 
and GPS, especially if they have taken a geography course.  
 
You should also know that the U.S. Department of Labor recently identified geospatial 
industries as one of the top growth fields for the future; alongside biotechnology and 
nanotechnology. This means that skills in this area may help you get a job after you 
graduate. Because the effective collection, analysis, and visualization of data is a key task of 
many industries and government agencies, students with GIS skills have been enjoying 
quality careers in a variety of fields. Everything from environmental consulting to crime 
analysis to marketing and retail site location uses GIS nowadays. 
 
To provide you some additional 
insight into the uses of GIS 
technology, watch the following 
YouTube video from Penn 
State, which serves as “Trailer” 
to a video series called 
Geospatial Revolution:  
https://youtu.be/ZdQjc30YPOk  

 

Answer a few questions about 

the content of the paragraphs 

above and the video. 

  

https://youtu.be/ZdQjc30YPOk
https://www.youtube.com/embed/ZdQjc30YPOk?feature=oembed
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Optional: Install Citrix Receiver and Open ArcGIS Pro 
via Citrix Receiver  

Consult your instructor for specific instructions on installing 
and licensing ArcGIS Pro 

Familiarize yourself with the basic features of ArcGIS Pro 
software   

1. Open ArcGIS Pro and open the map document, or 

project “Introduction” 

2. You may want to save a copy of the project file. Your 

instructor should give you additional instructions about where and how to save project 

files if you are opening this project file (and the individual layers within it) from a 

common, read-only server location. Even if you are not working from a read-only 

server, saving a copy of the original file is a smart habit to develop – because it’s easy to 

make a mistake that may force you to start over. 

3. When you open the map document or “project”, you’ll see several vector map layers in 

the map window. Each layer is a separate file that may be used in multiple different 

project files. Vector map layers may be points, polygons, or lines. 

These are the active layers.   

• The bottom layer is the basemap layer – it’s a topographic layer and it may not be 

visible if you are not connected to the internet because that layer is stored on an 

online server at the software company.  The basemap functions as a reference layer.   

The basemap layer may slow your computer down – so feel free to turn it off by unchecking the 
box if you notice the map loading slowly. 

 

• One of the middle layers is a polygon layer of the US States. 

• This is a choropleth (kor-uh-pleth) or graduated color map, of US States by 

population in 2010. 

• The population data is divided into quantiles.  This means that the 50 states are 

divided into classes containing an equal number of states. In this case, it’s 10 

states per class, and each class is painted with a unique color.  

• The graduated color scheme is ideal for numeric data, in this case, population. 

• The top layer is a point layer of Major U.S. Cities. 

• The red dots show the population of the cities using a graduated size symbology 

strategy. 

• Numerous symbology techniques are taught in a cartography or 

‘geovisualization” course. 

4. You should notice that there are additional inactive layers as well. Those layers do not 

have a checkmark in the box next to the layer name, so they do not appear in the map 

window. Click in those boxes to activate or “turn on” and “turn off” those other layers. 

Inactive layers include: 

• California Rail – a line layer of the railway lines in California. 

Figure 1: Video Tutorial: Introduction to ArcGIS 
Pro.  Open in separate browser for best results. 
URL: https://youtu.be/iZCOan6d-9w  

https://www.youtube.com/embed/iZCOan6d-9w?feature=oembed
https://youtu.be/iZCOan6d-9w
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• US Counties – a polygon layer of US Counties 

• Southern California Places – a polygon layer of cities in Orange, Ventura, and Los 

Angeles counties.   

• Polygons are best used to display city data when you are zoomed into the county 

or city level (a large-scale map). 

• Point maps work better to indicate the general location of cities when you are 

zoomed out to the state level (a small-scale map) 

• Remember small scale = small detail and large scale = large detail! 

5. The PROJECT or MAP file is the master file. Each layer file is a separate component 

within the larger file, but layer files are independent of each other. It is important to 

remember that the PROJECT or MAP file contains little more than a directory list of 

layers and tables and the pathways to where they are stored.  

6. You cannot share a MAP file or project file without also sharing the multiple constituent 

layer files.  Often the project and layers are stored together in a single folder. 

7. The LAYER files that you see in Table of Contents can be re-used in other MAP Projects 

and may be stored/saved in a variety of locations.  

8. Click on the “drive” icon that looks like a cylinder underneath the “Search” window in 

the Table of Contents to switch from the default mode showing layers in the Contents 

window in the “List by Drawing Order” fashion, to a mode that shows layers in the 

Contents listed by their “Data Sources”.  

• NOTE that the file Major Cities and Topographic layers are in a different 

location than the other layers, which are stored in a geodatabase called 

“Introduction”.   

• The Major Cities file is a “shapefile”.  It is an older type of layer file that 

remains the industry standard and can be read by various GIS software 

packages.  

• Shapefiles include anywhere from four to seven helper files. 

Answer one or more questions to demonstrate your familiarity with the basic features 

of GIS Software. 

Basic Functions of ArcGIS Pro 

9. To get a feel for how GIS software works, you should experiment a bit with the following 

tools found on the Map tab’s tool ribbon (default):  

• “Explore” Tool. Here are some of its functions: 

• The Explore button is also the “pan” (hand icon) tool. 

• Zoom in / out: functionality changes by device – a two-button mouse with a 

scroll wheel is recommended. 

• The Explore button also can be used to “identify” an object (location), which 

causes an information window about that object to pop-up (location) 

• Globe icon – Zoom to the original/full extent. 
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• Right and left arrows (the left arrow is especially useful if you accidentally zoomed 

or moved the map because it allows you to “go back” to previous views). 

• The Ruler button for measuring distances and areas. Click once at each stop.  Double 

click to finish measuring. Click on the eraser icon to start over.  Click on the Explore 

button to return to the default cursor.  

Answer one or more questions to demonstrate your familiarity with the basic tool 

functions – Measure and Explore 

Attribute Table 

10. Now, right-click (that’s a two-finger click for Chrome / Apple users) on the words, 

“Major Cities” in the Table of Contents. 

11. From the drop-down menu, select “Attribute Table” 

12. On the Map tool ribbon, click on the “Select” button and then click on a point 

representing a major city in California.  Note that the city is highlighted in the map 

window and the attribute table.    You may need to Zoom to California 

13. Now in the Attribute Table, click on the small square just left of the number 3 in the FID 

column. The row of data associated with San Francisco should highlight and the point on 

the map representing San Francisco should appear highlighted. 

14. Click “Clear” either on the map tool ribbon or on the toolbar above the Attribute Table 

to unselect any selected/highlighted rows in the table and/or points on the map. 

15. In the attribute table, right-click on the column header “Name” and choose “Sort 

Ascending” from the list of options to sort the cities alphabetically.   

Answer one or more questions. 

• Now sort the data by “AREALAND” using both ascending and descending strategies 

to answer the next question(s) 

Answer one or more questions. 

• Now sort the data by “AREAWATER” using both ascending and descending 

strategies to answer the next question(s) 

Answer one or more questions. 

16. Close the Attribute Table so you can see just the map window and Table of Contents by 

clicking on the X on the “Major Cities” tab at the top of the Attribute Table. 

17. Next, activate the layer “Southern California Places” by clicking in the box next to the 

layer name in the Table of Contents, then right-click to open the drop-down menu. 

Select “Zoom to Layer” so you can see the layer easily. You may want to turn off the US 

States and/or US Counties layers. 

• This layer is a polygon layer showing all the “places” in Southern California.  Note 

how the point layer (red dot) indicating “Los Angeles” is almost in another city. 
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• Use your mouse or the zoom-in tool to zoom in further – focusing on the red dot 

point marker indicating the location of the city of Los Angeles.  

Answer one or more questions  

Basic Statistics Tools 

18. Right-click on the layer “Southern California Places” and open the Attribute Table.  

19. Find the column “2011 Population per Square Mile”, right-click on the column header, 

and select from the Drop-Down menu “Statistics”.  A new window will appear on the 

right “Chart Properties” with basic statistics, including mean, median, Standard 

Deviation, sum, etc.  

Answer one or more questions using the data in the Chart Properties / Statistics 

Window. 

20. Note that a histogram appears in the window where the Attribute Table was.  The 

histogram is an important graphic device that helps you quickly see the distribution of 

the data. This histogram interactive, so if you click “Select” from the Map Tool Ribbon 

and then click on any polygon on the map of Southern California Places, the data for that 

location will highlight in the histogram (and the Attribute Table). 

21. Click on Los Angeles City, Malibu City, etc. to try it out. 

22. Also, if you click on any bar in the histogram, locations on the map within the range of 

values represented by the bar on the histogram will highlight on the map and in the 

attribute table. 

23. In the “Chart Properties” window, note that “Mean” (statistical average) is calculated for 

you and a red line appears on the histogram indicating the mean.  Click on Median, and 

“Std. Dev.” to place additional marker lines on the histogram.  

24. Click on “Show Normal Distribution” to activate a line showing an approximation of the 

data were it normally distributed – or fitted to a “bell-curve”. 

25. Return to the Attribute Table by clicking on the Southern California Places tab. 

26. Find the column, “2011 Median Household Income”.  You may want to sort the data 

(ascending and descending) and/or right-click on the column header to select from the 

drop-down menu “Statistics” to see a histogram of the data. 

27. Note that the produced histograms remain in your Table of Content for future use. 

28. Note that if you select (highlight) any place in the map, histogram, or attribute table, it 

may be hard to find in a large table of data by scrolling.  You can click in the lower-left 

corner of the attribute table to show ONLY the highlighted features on the map by 

clicking on the “Show selected records” button.  

Answer one or more questions  

29. Continue to explore the functions of ArcGIS Pro, including strategies for saving your 

work. It is important for you to understand that saving the MAP file, which is the master 

file, does NOT save changes to the individual layers within the map. To save specific 
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layers within a map, you must right click on the layer and select from the drop-down 

menu “Data” and then from the submenu “Export”. Subsequent exercises in this series 

explore these functions. 

30. Your instructor may create additional tasks for you beyond the one listed in this basic 

introduction to GIS/ ArcGIS Pro. 
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PREDICTIVE CRIME ANALYSIS WITH GIS: 
CATCHING THE HOLLYWOOD ARSONIST 
The behavior of criminals, like the behavior of most people, tends to be somewhat predictable in 
time and space. Law enforcement agencies can use GIS to conduct spatial analyses to help them 
solve crimes and to make judgments about the pattern of crime the witness in their jurisdiction. 
In this exercise, you will use several basic statistical formulas to evaluate the validity of a basic 
theory used by crime analysts. In the process, you will direct resources to catch a serial criminal. 

Student Learning Outcomes 

1. Students demonstrate an understanding of the several strategies used to predict the 
central spatial tendencies associated with a serial crime spree. 

2. Students calculate three separate measures of central tendency. 
3. Students use measures of central tendency to identify likely criminal suspects from a 

hypothetical list of suspects. 
4. Students use measures of central tendency to direct the actions of a hypothetical police 

force. 

Introduction 

Beginning around New Year's Eve 2011 and continuing for 
several days, an arsonist terrorized many neighborhoods in 
Los Angeles stretching from Hollywood to the eastern San 
Fernando Valley.  

Serial criminals have both a “modus operandi” (M.O. or 
“mode of operation”) and a geographic profile. Serial 
criminals tend to act in ways that make predicting future 
crimes a reasonable possibility and identifying other 
characteristics of the criminal within the realm of possibility.  

In this assignment, you are to imagine yourself as a crime analyst hired as a consultant to the Los 
Angeles Police Department's serial crimes division. Your job is to help authorities nab the 
arsonist terrorizing the city by identifying prime suspects based on the location of a list of known 
suspects and making recommendations about where to set up a “checkpoint” operation to screen 
for likely suspects who may not be known to the local police.  

Background 

First, you should familiarize yourself with the story by reading a short article from the Los 
Angeles Times from January 1, 2012. You may be asked to answer several questions from the 
newspaper article to ensure you are familiar with the background of the case. 

Exercise 

2 

Figure 2:1: Los Angeles, CA: Dingbat style 
apartments were the favored target of the 
Hollywood arsonist indicating a Modus Operandi. 

https://commons.wikimedia.org/wiki/File:Dingbat_LaTraviata.jpg
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L O S  A N G E L E S  T I M E S  
R A S H  O F  A R S O N  F I R E S  C O N T I N U E S ,  S P R E A D S  A C R O S S  W I D E R  A R E A  

January 01, 2012 
By Andrew Blankstein, David Zahniser and Joe Mozingo, Los Angeles Times 

The attacks range from the Westside to Hollywood and from the San Fernando Valley south to 
Lennox. The Los Angeles police and fire departments lead a multi-agency campaign across the 

county. 

A rash of arson fires in the dark of night set Los Angeles on edge over New Year's Eve, and 
authorities deployed hundreds of extra firefighters, patrol cars, undercover officers, and helicopters 
to stop the attacks. On Saturday night, firefighters rushed to multiple fires, quickly extinguishing a 
vehicle fire in a Hollywood carport and responding to another in the massive parking structure at 
Hollywood Boulevard and Highland Avenue. Those blazes followed at least 38 other suspicious fires 
between Thursday night and Saturday morning, making it the worst wave of arson since the 1992 
riots. 

"Whoever is doing this is really messing with people's lives," said Los Angeles Fire Capt. Jamie Moore. 

Most of the blazes were started on automobiles, but some spread to homes and apartments. The 
attacks ranged from the Westside to Hollywood and from the San Fernando Valley south to Lennox. 
By Saturday night, the Los Angeles police and fire departments were leading a multi-agency 
campaign across the county. 

"We're pulling out all the stops," Los Angeles Fire Department spokesman Brian Humphrey said. 
"We're hoping that the person or people responsible will be brought to swift and complete justice." 

Extra firefighters were reporting to stations across Los Angeles, Santa Monica, Burbank and 
Glendale, while investigators set up a telephone hotline, interviewed witnesses, and ran down tips. 
Officials announced at least $35,000 in rewards for information leading to a conviction in the case. 

"We've reassigned detectives from Major Crimes Division and Robbery-Homicide, exclusively to find 
who's doing this," said LAPD Cmdr. Andrew Smith. "We've got dozens of detectives working around 
the clock." Police arrested two people Friday on suspicion of lighting fires but said they were not 
suspects in the arson rampage. Based on witness interviews, authorities said they were searching for 
a man driving a white and tan mid-1990s Lexus ES300. However, the large number of fires sparked 
over the two-day period led law enforcement sources to speculate that more than one arsonist was 
at large. 

The sources, who spoke on the condition of anonymity because the case was open, said it's possible 
some of the blazes were the work of copycats. 

The fires occurred when many people were enjoying the holidays with friends and family. Sidni 
Appleseed Myles, 42, said she heard an explosion in the carport underneath her North Hollywood 
apartment about 2 a.m. Saturday. Seeing the flames out the window, Myles ran outside in her 
nightgown with an out-of-town guest and her two teenage daughters, screaming, "Fire!" The 
tenants dashed out to find four cars engulfed in flames that then reached the balcony and ignited an 
outer wall of Myles' apartment on Colfax Avenue. 

"You can't believe the inferno that was there. It was incredible," said her friend, Ray Carroll, a 
teacher from New Jersey. "I'm just glad to be alive," said Myles. Carl Lybecker, 32, who lived next 
door to the Colfax apartments, said it was sheer luck that no one was injured. "The scary part is 
being so vulnerable in the middle of the night," he said. "These people woke up. But what if they 
were sleeping? What if they had been taking sleep medication?" 
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A few blocks away in Valley Village, Josh Mills and his wife were alarmed about the fires in their old 
West Hollywood neighborhood as they watched the news Friday evening. "I can't believe this," Mills 
said. Then, as they slept around 2 a.m., someone pounded on their door and yelled, "Your car's on 
fire!" 

At first, Mills thought it might be a ruse for a home-invasion robbery. But his wife looked out the 
window and saw flames under his BMW sedan parked on the street. Mills, 43, ran into the cold night 
in his pajamas. A small fire was burning from what looked like a rag or newspaper under his engine. 
He thought about trying to kick it away, but decided it was too dangerous. In seconds, the fire 
spread beneath the hood. The front tires exploded "like bombs," then the back tires burst, he said. 
Within a few minutes, the car was consumed. Fire officials declined to discuss how the fires were set, 
but Mills said arson investigators told him that the fire may have been started with Sterno fuel. "It's 
the holiday season, goodwill toward men, and here's somebody who's definitely not understanding 
that," Mills said. 

In Sun Valley, Steve Diaz, 26, and Michelle Villegas, 25, woke up around 2:20 a.m. after hearing 
windows shattering in their co-op apartment building. Villegas called 911 and then they struggled 
to find their way as smoke poured in. "As soon as we went out, the heat burned your face," said Diaz, 
a lab technician. Firefighters were already there and guided them to safety. But the couple lost their 
car, parked in the carport, and maybe their home. At least eight apartments, including theirs, were 
seriously damaged. "I don't know that it's even sunk in yet, what's happened," said Diaz.  

In all, 12 vehicles burned in the Valley early Saturday, three in the Wilshire Division of the LAPD, one 
on the Westside and one in Lennox, officials said. The night before, 21 fires broke out, mostly around 
Hollywood and West Hollywood. Authorities said a conservative estimate of property damage was 
$350,000. 
 
Answer one or more question(s) about the article above 
 

Theory 

Now that you know some of the background associated with this particular crime spree. You 
should familiarize yourself with the basics of a theory describing the spatial behavior of 
criminals. Read the excerpt below from Mapping Crime: Principle and Practice: 
(from Data, maps, and Patterns: National Criminal Justice Reference Service) 

"On the micro or intraurban scale, a broad array of environmental factors must be taken into 
account if crime patterns are to be understood. Arguably, the most important general principle is 
usually known as distance decay. This is a process that results from another behavioral axiom, the 
“principle of least effort”, suggesting that people usually exert the minimum effort possible to 
complete tasks of any kind. Distance decay is the geographic expression of the principle of least 
effort. As shown in (the figure below) the relationship between the number of trips and distance is 
represented by a line showing that people take many short trips but few long ones. This principle 
has been observed to apply to a broad range of behaviors, including shopping, health care, 
recreation, social visiting, journeying to work, migration, and last but not least, journeying to crime. 
It is possible to create families of distance-decay curves to represent different classes of movement 
behavior. For example, shopping trips can be divided into convenience and comparison types. 
Convenience shopping is characterized by many very short trips because most people will get items 
such as milk and bread from the closest possible source. Comparison shopping occurs when buyers 
need big ticket items such as appliances, cars, houses, and college educations. Longer trips in search 

https://www.ncjrs.gov/html/nij/mapping/ch1_13.html
https://en.wikipedia.org/wiki/Distance_decay
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of more expensive goods and services are thought to be worthwhile because price savings produced 
by better deals will pay for the longer distances traveled, at least in theory. 

Similar reasoning might be applied to 
criminal movements, although not 
enough data have been published to 
permit much in the way of 
generalization. The pioneering work 
of Frisbie et al. (1977), in Minneapolis, 
showed that more than 50 percent of 
residential burglary suspects traveled 
less than half a mile from their homes 
to their targets. Commercial burglars 
went somewhat farther, with some 50 
percent of incidents occurring within 
0.8 miles. Stranger-to-stranger 
assaults had a wider range, with the cumulative 50-percent threshold not accounted for until a 
radius of about 1.2 miles from the offenders' homes. Commercial robbers also reached the 
cumulative 50 percent of incidents at about 1.2 miles. However, a larger proportion of the 
commercial robbers traveled longer distances compared with those who committed the other 
crimes, presumably to locate suitable targets and also to avoid the recognition that may come with 
robbing the corner store. Travel distances tend to reflect population density and other 
characteristics of the physical environment (such as the geography of opportunities)15, so it is 
unlikely that distance-decay curves for crimes could ever apply universally. Nevertheless, the 
concept of distance decay is still a useful one, even if curves for specific crimes cannot be calibrated 
very accurately.  

Although journeys to crime vary among crime types and with the demographic characteristics of 
offenders, targets or victims tend to be chosen around the offender's home, place of work, or other 
often-visited locations. If your home is burglarized, the chances are that the burglar is a not-too-
distant neighbor. The long-established prevalence of violence among intimates is further 
confirmation of the idea that most interactions—including negative ones—occur at short range. 

Distance decay is a useful general concept, but a detailed understanding of the fine points of local 
crime patterns demands detailed local knowledge. Where are the neighborhoods that are 
experiencing the greatest social stress? What are the patterns of mobility of the population? Who 
are the movers and shakers in the drug and gang scenes, and do their movements affect crime 
patterns? What changes are going on?" 
 

Answer one or more question(s) about the passage above 
 

Formulate a Hypothesis 

To "catch the bad guy", you need to know where to find him (or her). As is the case with solving 
many problems, you need both data and theory. You've just read the theory. The data is 
presented below.  

If you engage the theory from above with this data, you can begin to build a hypothesis about 
where to search for the arsonist. Often, we are told that a hypothesis is an “educated guess”, but 

Figure 2:2: As trip distance increases, the frequency of trips decreases. 

https://www.ncjrs.gov/App/Publications/abstract.aspx?ID=41627
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because you are acting as a data scientist, a more scientific hypothesis is necessary. Scientific 
hypotheses must be testable. 

Some possible testable hypotheses for this exercise include: 

If the arsonist’s behavior follows the principle of least effort then the criminal will live 
(or operate from a base) near the spatial center of criminal activity.  

If you believe this hypothesis is likely to find support in the analysis, then as an investigator you 
should consider suspects living near the center of the arson activity more likely to be the 
perpetrator and those living further away from the center of the arson activity less likely suspect.  

If the arsonist’s behavior conforms to the principle of least effort, then the location 
where the criminal is most likely to be identified or apprehended will be near the 
spatial center of the criminal activity. 

If you have confidence in the logic that informs this hypothesis, then you should establish a 
checkpoint or “stake out” to search for likely suspects near the spatial center of the criminal 
activity. 

You will calculate several spatial statistics and use them to craft a strategy to rank suspects 
according to their likelihood of being the actual arsonist and make a recommendation about the 
best location to establish a checkpoint or observation post to scan for possible suspects. Exactly 
how to best estimate the spatial center of this criminal activity is the main task ahead of you. 
You will use several spatial analysis tools that measure central tendency in the data.  

Answer one or more questions to check for your understanding of the information above. 

Open the Map Project 

The first step in catching a serial criminal is to examine the 
pattern on the map. Here’s how: 

1. Open the map document “Hollywood Arsonist” in ArcGIS 
Pro. 

2. Note the layers of data in the map document. 
• Los Angeles County ZIP Code Boundaries (labels 

appear when zoomed in). 
• Los Angeles area major streets and highways (labels 

appear when zoomed in). 
• Los Angeles County terrain – a layer showing local topography (off by default) 
• Point Layer: Arsons 

o Points correspond to each address where a suspicious fire in Los Angeles 
occurred during the three-day arson spree around New Year's Eve 2011-12. 
Addresses were geocoded or plotted on a map for you from a list made available 
in The Los Angeles Times. 

• Point Layer: Suspects 
o A fictitious map layer of points corresponding to the addresses of "known 

arsonists" in Los Angeles.  
o Each of these addresses was drawn from a random sample of addresses of 

restaurants, so they are not the location of actual arsons suspects except for one. 

Figure 2  Video Tutorial – Hollywood Arsonist 
URL: https://youtu.be/j6VqbGEW0C0  

https://www.youtube.com/embed/j6VqbGEW0C0?feature=oembed
https://youtu.be/j6VqbGEW0C0
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o One point is near the actual address of the Hollywood Arsonist suspect (now 
convicted) as reported by The Los Angeles Times. 

Part 2 –Filter the Bad Data 

As it turns out, not all the “suspicious fires” occurring during the Hollywood Arsonist’s crime 
spree fit the "modus operandi" or "MO" of the criminal believed to be responsible for setting the 
majority of the fires. Those fires that did not fit the pattern are noted in the attribute table 
attached to the Arsons map layer. It is important to remove these fires from consideration before 
you test your hypothesis. 

3. Right-click on “Arsons” in the Table of Contents window. 
4. Select "Open Attribute Table" from the menu. An attribute table window will appear. 
5. Right-click on the column header with the words “Fires_link”. It is above a column filled with 

only the letters y and n. 
6. Select "Sort Ascending" to put the data from that column in alphabetical order. The rows with 

the letter “n” in the Fires_link column will rise to the top. The fires associated rows of data 
marked by “n” were not associated with the Hollywood Arsonist. 

7. Place your cursor on the small blank square to the left of the cell in the top-left position in the 
table – just left of the “1” under the column header “OBJECTID” 

8. Click and drag downward to highlight (in blue) all the rows of data that have the letter "n" in 
the "Fires_link" column. There are 12 rows of data that have “n” in the “Fires_link” column. 

9. Once you have highlighted all the rows of data that are NOT connected to the Hollywood 
Arsonist, click on the “Switch” button on the top toolbar in the Attribute Table. 

10. At the bottom of the attribute table, you should see "50 of 62 selected".  
11. Leave these arsons selected during the entirety of this exercise. 
12. You can now click the “x” in the upper right corner of the “Arsons” tab in the attribute table to 

hide it and return to the map window. 
13. Examine your map. Note that the fires NOT highlighted in blue are those that did not fit the 

crime pattern and those highlighted with a blue dot are those that DO fit the pattern. The 
highlighted points are the only arsons that will be analyzed by the software when you 
analyzed data.  

Part 3a – Analyze the Data - Calculate the Mean Center 

To test your hypothesis about the principle of least effort, you must first identify the location that 
represents the least travel to each selected arson. This is the mean center of the selected arsons. 
This measure is a simple statistical mean or statistical average, but since the data is spatial 
(latitudes and longitudes) the software calculates the statistical mean in two-dimensional space 
by calculating the mean of the latitudes of all the selected arsons and then repeats the process for 
the longitudes. The software then creates a new point layer with one point on the map using the 
mean latitude and mean longitude.  Here’s how you do it: 

14. Click on the Analysis tab above the main toolbar. 
15. Click on the Tools options among the Geoprocessing options. 
16. The Geoprocessing window will appear to the right of the Map window. 
17. In the “Find Tools” box, type “Mean Center” 
18. Click on the list of suggested tools the Mean Center tool.  
19. Double-click on the Mean Center tool to open the dialog box associated with that tool. 
20. When the Mean Center tool window appears, set the Parameters as follows: 

Input Feature Class: Arsons 
Output Feature Class: MeanCenter (no spaces!) 
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**If you are working from a read-only drive, consult with your instructor about where to save 
your output files. 

Weight Field: (blank) 
Case Field (blank) 
Dimension Field (blank) 

21. Click on the Run button at the bottom of the Geoprocessing window. 
22. Notice the information at the bottom of the Geoprocessing window. You can click on View 

Details to open a window with some information about the processes that just completed. 
23. Note the new (bright green?) point on your map indicating the mean center of the selected 

arsons and along with a new layer “Mean Center” in your Table of Contents.  
24. You can close the Geoprocessing window if you like. 
25. Note the location of the Mean Center marker (point) relative to the highlighted arsons on your 

map. You should turn on the Terrain and Highway layers to provide you with additional context 
as you consider the utility of the Mean Center in helping you identify a prime suspect and/or 
chose a spot to set up a checkpoint and/or roadblock.  

26. Click back on the Map tab. 
27. Turn off the Arsons layer. 
28. Zoom in a bit on the new point on your map.  
29. Then click on the Measure button on the top tool ribbon. 
30. Click on the Mean Center point on the map, note that the cursor has changed, then and drag 

the cursor toward each of the nearest suspects. Make a note of those distances. 
 
Answer one or more question(s) using the measure tool and data on the map. 
 

Part 3b: Calculate a Standard Deviational Ellipse 

Next, you will narrow your search for a prime suspect by creating a standard deviational ellipse, 
which will appear on the map as an oval. The standard deviational ellipse has two functions in 
this exercise. First, it uses the location data from the highlighted arsons to calculate a standard 
distance around the mean center.  The standard distance is a spatial equivalent to the standard 
deviation that you may have calculated in a math or statistics course. So, about 68% of the 
highlighted arsons will be within 1 standard distance of the mean center. Second, the standard 
deviational ellipse is different than a simple standard distance because it indicates directional 
skewing in the data. If the arsons were committed without a directional bias, the point map of the 
arsons would extend away from the mean center in all directions equally.  However, this is not 
the case with the map of arsons – they tend to trend in a north-south direction and extend less 
from the mean center to either the east or west.  To create a standard deviational ellipse follow 
the instructions below: 

Steps: 

31. Turn back on your Arsons layer (for reference) 
32. Click on the Analysis tab again and click on the Tools button again to launch the open the 

Geoprocessing window. 
33. Type over the words “Mean Center” in the Find Tools box with “Directional Distribution 

(Standard Deviational Ellipse)”.  You only need to type part of the name for the software to 
suggest the correct tool. 

34. Select the tool and set the Parameters as follows: 
Input Feature Class: Arsons 
Output Ellipse Feature Class: ArsonsSDE *no spaces! 
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**If you are working from a read-only drive, consult with your instructor about where to save 
your output files. 

Ellipse Size: 1 standard deviation 
Weight Field: (blank) 
Case Field (blank) 

35. Click Run and wait a moment while the software completes the calculation. 
36. Zoom in on your standard deviational ellipse and complete a quick visual analysis of the map. 
37. Note the number and location of the Suspects within the ellipse. 
38. You may want to turn off the arsons layer for a moment and make sure the Suspects layer is 

visible (check on) Note of the number of suspected arsonists within the standard deviational 
ellipse. 

39. Click on the Map tab and click on the Explore button. 
40. Click on the Suspects within the ellipse to see the pop-up window with information about 

each subject. 
 
Answer one or more question(s) using the data on the map.  

Visual Analysis  

Because the mean center of the arsons is somewhat distant from any of the arsons, and the 
standard deviational ellipse is oval rather than circular or round, you can deduce several things 
about the data. First, something may have prevented the arsonist from setting fires near the 
mean center of the arsons on the map. The arsonist could live near the mean center, but if you 
zoom in on the map, and turn the background layer on, you should be able to figure out why that 
is not likely, especially if you are familiar with the region around Hollywood. Second, the ovoid 
shape of the Standard Deviational Ellipse (and the map of the arsons) indicates that the behavior 
of the arsonist was directionally skewed along a north-south axis. The distribution of arsons was 
skewed perhaps by the terrain and the road network.  Examine the map and consider how 
terrain and the highways affected the pattern of the arsons. 

Answer one or more question(s) using the data on the map. 

Choosing another measure of Central Tendency – Dealing with Skewed Data 

A quick analysis of the physical geography (terrain) around the arsons’ Mean Center point should 
indicate to you that the Mean Center is not as useful as it might normally be if the distribution of 
crimes had been committed where the terrain was flat. Flat terrain would invite a higher 
population density – which would also mean more “dingbat apartment” buildings to burn and a 
greater likelihood of finding a suspect. 

The shape of the ellipse suggests the arsonist was forced to travel further away than they desired 
to find suitable buildings to torch, thus creating the skewed elliptical pattern evident on the map. 

When you know that when a map or dataset features a skewed distribution, the mean center (on a 
map) or arithmetic mean (in a spreadsheet, i.e.) is a less useful measure of central tendency.  The 
median is the most commonly used alternate measure of the central tendency. For geographers, 
the alternative to spatial mean is the spatial median. Calculating the median center is useful when 
the standard deviational ellipse indicates skewing among the pattern of points (arsons in this 
case) on the map. To calculate the median center follow these steps: 

Part 3c: Calculate the Median Center 

41. Turn on the Arsons layer (for reference) 

https://en.wikipedia.org/wiki/Skewness
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42. Click on the Analysis tab again and click on the Tools button to open the Geoprocessing 
Window.  

43. In the find tools box type “Median Center”.  You only need to type part of the words for the 
software to suggest the correct tool. 

44. Select the tool and set the Parameters as follows: 
Input Feature Class: Arsons 
Output Ellipse Feature Class: MedianCenter (*no spaces!) 

**If you are working from a read-only drive, consult with your instructor about where to save 
your output files. 

Weight Field: (blank) 
Case Field (blank) 
Attribute Field: (blank) 

45. Click Run and wait a moment while the software completes the calculation. 
46. Notice the information at the bottom of the Geoprocessing window. You can click on View 

Details to open a window with some information about the processes that just completed. 
47. Note the new large (yellow?) point on your map indicating the median center of the selected 

arsons and along with new layer “MedianCenter” in your Table of Contents.  
48. You can close the Geoprocessing window if you like. 
49. Note the location of the Median Center marker (point) relative to the highlighted arsons on 

your map. You should turn on the Terrain and Highway layers to provide you with additional 
context as you consider the utility of the Median Center in helping you identify a prime suspect 
and/or chose a spot to set up a checkpoint and/or roadblock.  

50. Click back on the Map tab. 
51. Turn off the Arsons layer. 
52. Zoom in a bit on the new point on your map.  
53. Then click on the Measure button on the top tool ribbon. 
54. Click on the Median Center point on the map, note that the cursor has changed, then and drag 

the cursor toward each of the nearest suspects and nearest street intersections. Make a note 
of those distances.  

Answer one or more question(s) using the data on the map. 
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BLACK GHETTOS IN THE UNITED STATES 
The morphology (or shape) of ethnic ghettos varies through space and time. This is 
true of African American ghettos in the United States where the pattern of 
segregation for African Americans evolved differently in the northern, southern, and 
western regions of the United States. In this exercise, you will analyze the pattern and 
intensity of segregation of African-Americans in four US Counties. 

Introduction 

The first section of this exercise introduces students to the various models used to describe black 
ghettos in the United States. The second part requires students to use maps displaying the 
distribution of African-Americans in at least four metropolitan counties in the United States using 
GIS software. Students will calculate the Dissimilarity Index, a statistical measure widely used to 
measure levels of residential segregation for case study county. 

S T U D E N T  L E A R N I N G  O U T C O M E S  

1.  Students identify several different types of black ghettos in the United States as they appear 
on a map in several large metropolitan counties. 

2. Students correctly calculate a statistical measure of segregation. 
3. Students correctly interpret the statistical measure of segregation. 
4. Students visually analyze the spatial pattern of black segregation in the United States and 

match the pattern to a theoretical pattern suggested in the literature. 
5. Students identify the causal variables associated with the varied morphology of black ghettos 

in the US. 
 

Background 

Ethnic minorities have suffered from a wide range of discriminatory practices in the United 
States. One form of discrimination that is of particular interest to geographers is housing 
discrimination. Redlining, block-busting, mortgage discrimination, steering, restrictive 
covenants, and a host of government policies, some intentionally racist, and other unintentionally 
so, have encouraged various ethnic groups to live in certain parts of our cities while restricting 
other groups from living in some parts of our cities. Evidence of the effects of decades of systemic 
racism is evident on the landscape, and it is easy to map the patterns of residential segregation, 
and perhaps even ‘ghettoization’ using GIS software.  

There are multiple laws today designed to prevent housing discrimination, but they are not 
always easy to enforce, or even easy to interpret. In this exercise, you are to imagine yourself as 
an analyst for a non-profit that advocates for fair housing for ethnic minorities.  

Exercise 

3 
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Your task is to evaluate the patterns of segregation in several metropolitan counties, to report the 
type of ghettos evident from your analysis, determine the degree of segregation and progress 
made by various cities in meeting goals to diminish the residential segregation of African-
Americans.  

Ghetto Types 

In a well-known research article exploring 
segregation patterns in San Diego, geographers Larry 
Ford and Ernst Griffin offered a sort of typology of 
black ghettos in the US (see Ford, Larry, and Ernst 
Griffin. "The Ghettoization of Paradise." Geographical 
Review 69, no. 2 (1979): 140-58. 
doi:10.2307/214961 - 
https://www.jstor.org/stable/214961). The 
paragraphs below, excerpted from Chapter 9 of An 
Introduction to Human Geography: A Disciplinary 
Approach, provides a quick overview of the evolution 
of residential segregation patterns by region in the 
United States. 

Early Southern 

Evidence of the "Early Southern" ghetto is rather rare 
now, but it was once common in cities in the 
American South with a large black population, 
especially before the Civil War. Essentially, the Early 
Southern ghetto featured black families living in 
dwellings behind, or very close to, the house where 
they were enslaved (or worked post-slavery). In the 
cities of the South before the Civil War, white and 
black people often lived very near each other. There 
was little physical (geographic) segregation, although 
there was often extreme social segregation.  

Classic Southern 

After the Civil War, many rural Blacks began moving 
off plantations seeking work in cities. If they stayed in 
the South, they were likely to find themselves 
restricted to the less desirable portions of southern 
cites, often on the "other side" of the rail line that had 
come through town. This new spatial arrangement 
was driven in part by the newly won freedom of 
African Americans, who now had some limited say in 
where they could live. Because black people made up 
nearly half of the population of the Lowland South, 
half of the area of cities like Atlanta, could be occupied 
by African-Americans.  That remains true to this day. 

 Figure 1: Classic Southern Ghetto. Black folks following the 
Civil War were required to live on "the other side of the 
tracks". 

Figure 1: Early Southern Ghetto. Black people lived on the 
same property as whites, often in small houses along 
alleyways before the Civil War. 

https://www.jstor.org/stable/214961
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Early Northern and Classic Northern 

In the North, slavery was rare, so African-Americans constituted a far smaller minority than in 
the South before the Civil War. Industrial jobs and the promise of a more equitable social 
environment drew many thousands of Blacks to northern cities. In northern cities, Blacks were 
often forced to live in a portion of the "inner city". During this period, African-Americans followed 
a similar trajectory as newly arrived immigrants from Europe. In the generalized map below 
African-American areas are represented by green squares, and you can imagine that maybe 
Italians live in areas marked by blue squares, and the Irish are in the peach-colored squares.  

Over time, the "Early Northern" ghetto evolved into 
the "Classic Northern" ghetto. By then, African 
Americans dominated the entire inner city as 
European immigrant groups toward the suburbs. 
Places like Detroit, Chicago, Cleveland show these 
patterns to some degree still today. 

New City 

In cities that grew rapidly in the years after the 
popularization of the automobile (1920s+), black 
residents built a new kind of ghetto that tended to 
originate near the C.B.D. (Central Business District) 
and grow linearly along a transportation corridor 
away from the CBD. Most of these cities were in the 
western United States, but the pattern may 
characterize parts of Southern cities like Atlanta if 
that city grew rapidly during the age of the 
automobile.  

Answer questions about the paragraphs above. 

Figure 3: Early Northern (left) and Classic Northern (right) Black Ghettos. Typical of the pattern of black ghettoization in cities in the Industrial 
Midwest and Northeast, blacks occupy an ever-increasing portion of the inner city. Note that other minority groups occupy parts of the inner 
city in the Early Northern model, but far less of the inner city in the Classic Northern model. 

Figure 4: New City Black Ghetto: In this model ethnic 
ghettos evolve along corridors established by major streets 
or highways. The blue areas may represent a Mexican-
American neighborhood. 
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Open the Segregtion Map in ArcPro 

1. Launch the software and open the file “Segregation”.  
Your instructor will provide directions on where the file 
is stored.  You may want to save a copy of the file with an 
alternate name as your “working copy” 

2. Note that the map file is zoomed in on Wayne County, 
Michigan – which contains the city of Detroit. 

3.  Note in the Table of Contents, you’ll also see additional 
layers including: 
a. CBD – a point layer of the approximate location of the 

Central Business Districts for each county. 
b. Harris County, Texas 
c. Mecklenburg County, North Carolina 
d. Orange County, California 
e. Los Angeles County, California – 2000 
f. Los Angeles County, California – 2010 
g. US Counties (inactive) 
h. Background Layer (Open Street Map) 

**Deactivate / turn off the Background layers if they slow your computer too much. 

Basic Descriptive Statistics – Wayne County, Michigan. 

1. In the table of contents, right-click (Apple/Chrome = two-finger tap) on the words Wayne 
County, Michigan. 

2. From the drop-down menu select "Open Attribute Table" to open the data table connected 
to the map of Wayne County, Michigan. 
a. Note that each polygonal census tract displayed on the map has data in one row of the 

table. Each row of data is dynamically linked to a census tract.  When one or more row is 
highlighted on the map, it is also highlighted in the attribute table - and vice-versa. 

3. Open the attribute table and find the column for Population by census tract in Wayne 
County.  It’s the column “Pop 2010” 

4. Right-click on the column header and select “Statistics” from the drop-down menu.   
5. You’ll notice a new “Chart Properties” window to the right of the map and attribute table, 

plus a histogram of the data.  Examine the statistics in this new window. 
6. Select (check) “Show Normal Distribution” and “Std. Dev” to add a normal curve to the 

histogram and two lines to indicate standard deviation on the histogram. 

Standard Deviation 

Standard Deviation is an important statistic, especially for analyzing patterns of residential 
segregation. Standard Deviation is a measure of deviance around the mean, but in simpler terms, 
it provides the answer to the question “How average is the average?” 

For example, the class you're in a class of 40 that has 20 people who weigh 148 pounds and 20 
people who weigh 152 pounds, the mean (average) weight of the class would be 150 pounds. If 
another class of 40 has 20 students weighing 100 pounds and 20 weighed 200 pounds, the mean 
weight would still be 150 pounds. The standard deviation, however, would be very different. The 
standard deviation in the first scenario would be small (2 pounds), and the standard deviation in 
the second scenario would be very large (50 pounds). The histograms would also look very 
different.  

Figure 4: Video Tutorial - Mapping Segregation, 
Part 1.  URL: https://youtu.be/dGkmLts1nqU   

https://www.youtube.com/embed/dGkmLts1nqU?feature=oembed
https://youtu.be/dGkmLts1nqU
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*The ratio of the standard deviation to the mean is known as the Coefficient of Variation* 

Two cities could have the same average (mean) percentage of black people per census tract, but one 
could be very ghettoized (large standard deviation) and the other could be very well integrated 
(small standard deviation), but you'd need either a map, a histogram, or the standard deviation 
statistic to figure this out. 

Answer one or more question(s) using the data in the attribute table. 

7. In the Chart Properties window click on the down arrow to the right of “Pop 2010” in the 
numbers box. 

8. Select variable for the percentage of African-Americans by census tract in Wayne County.  
It’s “Percent Black in Tract”.  

9. Select (check) “Show Normal Distribution” and “Std. Dev” to add a normal curve to the 
histogram and two lines to indicate standard deviation on the histogram. 
• Note the highly bi-modal distribution – like a two-hump camel, but also note that the 

‘average’ census tract is around 50% Black.  This is when the average is actually unusual 
and why the standard deviation is helpful. 

Answer one or more question(s) using the data in the attribute table. 

Choropleth Mapping  

Next, you will make a simple choropleth map (Links to an external site.) of Wayne County's Black 
population. A choropleth (pronounced KOR-uh-pleth) map, also called a thematic map, is a very 
useful tool that graphically displays numeric data, allowing viewers to quickly analyze and 
comprehend data patterns that might be impossible to perceive displayed only in a spreadsheet. 

To make a map of the percentage of Black persons in each census tract in Wayne County, 
Michigan (Detroit) follow the directions below. You will manipulate the map slightly, calculate a 
few statistics, answer a few questions, and then repeat the process with data from two additional 
US counties.  

10. Return to the Table of Contents pane and right-click again on the words "Wayne County, 
Michigan". 

11. Select from the drop-down menu, “Symbology” – a new window will appear to the right of 
the map.  You can close the “Chart Property” window if you would like. 

12. The symbology type is “Single Symbol”, but you should click on the down arrow to change 
the Primary Symbology to “Graduated Colors”. 

13. By default, the software maps “Pop 2010”, but use the drop-down menu to change that to 
“Black Pct” 

14. By default, the software uses a symbology method “Natural Breaks”.  That’s OK many times, 
but you should use the drop-down menu to change the method to “Equal Interval” which 
will force the map to use five classes of data: 

0-20 percent 
21-40 percent 
41-60 percent 
61-80 percent 
81-100 percent 

15. The default color scheme should be OK, but you are welcome to change it…but use a single-
color ramp to conform to standard cartography principles.  Examine your map. This is a 
map of black ghettoization in Wayne County, Michigan. 

16. Click Save or Save As. 

https://en.wikipedia.org/wiki/Coefficient_of_variation
https://en.wikipedia.org/wiki/Choropleth_map
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To improve your understanding:   

• Map a few other variables, especially “Percent Black” and “Percent White” using the 
drop-down Field menu in the Symbology Window.  

• Notice the very stark differences in the percentage of Black people in this county.  
• Notice how many census tracts with over 80% black population are directly adjacent to 

census tracts with less than 20% black persons.  
• Notice how few tracts contain a mixture of black and white folks. Ethnically mixed 

neighborhoods would have an intermediate color on the color ramp (e.g., orange on a 
red-to-yellow color ramp). 

• You may want to turn on/off the census tract layer and examine the effect of the network 
of major highways on the boundaries and distribution of black and white neighborhoods.  

• You may want to turn on/off the CBD layer to see the patterns of ethnic residency around 
the Central Business District (for Wayne County – the Hamtramck neighborhood would 
make for a more centrally located CBD than the CBD itself – which evolved along the 
river/ border)  

• Examine again the Histogram window.  Click (or click and drag) to highlight one or more 
of the vertical bars in the histogram, which will highlight corresponding census tracts on 
the map and in the attribute table.  Note the relationship between the histogram and the 
map. 

Answer one or more question(s) regarding the map. 

Analyzing Segregation:  
Calculating the Index of Dissimilarity 

You can see from the map that you made that Wayne County 
has neighborhoods that are either very heavily black or very 
heavily white.  If you wanted to know how many people would 
have to move to make the entire county perfectly integrated 
(all census tracts would have the same percentage of black 
people as the county average) you would calculate the Index of 
Dissimilarity. It is a popular measure of segregation – but it 
only measures the two groups at a time. 

 
Here's the formula.  Note that the “B’s” and the “W’s” can be swapped because of the absolute 
difference of the variables is summed. 
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or more simply – this is the one you’ll use in this exercise 
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where 
    bi = the black population of the ith area, e.g. census tract 

Figure 5: Video Tutorial: Mapping Segregation 
Part 2. URL: https://youtu.be/dGkmLts1nqU  

https://www.youtube.com/embed/5YQAZaUP1sM?feature=oembed
https://youtu.be/dGkmLts1nqU


 

 

26 

    B = the total black population of the large geographic entity for which the index of 
dissimilarity is being calculated. 

(or Bp – the percent of all blacks in the county in the census tract) 
 
    wi = the white population of the ith area 
    W = the total white population of the large geographic entity for which the index of 

dissimilarity is being calculated. 
(or Wp – the percent of all whites in the county in the census tract) 
 

It's really not scary, so don't freak out at the Greek letters. Translated into plain English, this 
formula "says" this: 
A) Divide the number of black persons in each census tract by the total number of blacks in the 
county to get the percent of the county's black population per census tract. 
B) Do the same thing for white people. 
C) Find the absolute difference between the black percent and white percent in each census tract 
to make sure there are no negative numbers. 
C) Add all those differences up and divide the result (sum) in half. 

 
*The number you will get will be less than 1, but it represents the percentage of people who would 
have to move to evenly distribute blacks and whites across the county’s many census tracts. 

*If you are working from “Read Only” Map Layers 

Before you calculate this formula, you need to understand where the files are stored and whether 
you have ‘write access’ to the map layers.  If your layer files are stored on YOUR drive, then you 
should have write access and you can skip the following steps. On the other hand, if you are working 
from files housed on a server, they may be “read-only” and you’ll have to save copies of each map 
layer file you want to modify.  Steps: 

17. In the Table of Contents, right-click on the layer you want to save as your own.   
18. From the drop-down menu, select “Data” and then from the submenu “Export Features”. 
19. The “Geoprocessing” window will appear prompting you Copy Features.  The input feature 

should be “Wayne, Michigan” and in the “Output Feature Class” window is the name of the 
layer you are going to create.  By default, the new name will be “Wayne, 
Michigan_CopyFeatures”. 

20. Click in the Output Feature Class box and change that to whatever you like, but this tutorial 
will refer to the newly created layer as “Wayne2”. 

21. Click on the file folder icon to the right of the Output Feature Class to select the location 
where you want to save the new file.   
**Check with your instructor on the best location to save your new layer file.  If you have 
default geodatabase, that’s great – and you can save it in there. Otherwise, perhaps, save it 
to your desktop or favorite folder – where it will automatically save as a .shp file or 
“shapefile”. 
**MAKE SURE NO FEATURES (census tracts) are highlighted or selected!!! 

22. Click on the Run button at the bottom of the Geoprocessing window to save, or export that 
data. 

23. The new layer will appear in your Table of Contents and Map window. 
24. Close the Geoprocessing window – or make copies of the remaining layer files. 
25. Deselect – or “uncheck” the "Wayne, Michigan" layer file if you'd like.  You don't need it now.  
26. Remember what you just did though!  You'll repeat it several more times during this lab. 
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Using the Field Calculator 

27. Open the Attribute Table for the map “Wayne2” by right-clicking on the layer name in the 
Table of Contents and choosing “Attribute Table” from the drop-down menu. 

28. Find the column “Diss Index” and right-click on the column header. 
29. From the drop-down menu select “Calculate Field” 
30. The Geoprocessing window will appear with the correct Input Table and Field Name, but 

you must change the Expression Type of “Arcade” using the down arrow to find and select 
that calculator. 

31. Find the box below “DISSINDEX =” and copy and paste the formula below into the box.  Note 
that the factions in the formula above have already been calculated for you in the columns 
WhitePctCnty and BlckPctCnty.  Each of those cells represents the percentage of the 
county’s total white or black population living in that census tract: 
 

.5*Abs($feature.WhitePctCnty - $feature.BlkPctCnty)/100 
 

32. Click the OK button at the bottom of the Geoprocessing window and small fractional 
numbers will appear in each cell in the column “Diss Index”.  A value of 0.001517 should 
appear in the top row of the Diss Index column, indicating the value for census tract (Object 
ID = 1). Congratulations!   

33. You can close the Geoprocessing window if you’d like. 
34. In the Attribute Table for Wayne2, right-click on the column header, “Diss Index” and select 

“Statistics” from the drop-down menu. 
35. The “Chart Properties” window will appear with the statistics you need to answer the 

questions below, plus a histogram to help you see additional patterns. 
36. The Index of Segregation itself is the “Sum” in the Chart Properties window. 
37. Make a note of this value, you’ll need to compare to the results you get for other 

counties. 
38. Highlight/select the vertical bars on the right side of the histogram.  These are the most 

segregated census tracts. The vertical bars on the left side of the histogram are those that 
most resemble the average percent white and black in the county. These are the integrated 
tracts. 

 
Answer one or more question(s) regarding the statistics you have calculated. 

For the final portion of this lab, you will map and analyze the residential segregation patterns of 
African-Americans in at least two additional counties, repeating the steps you have just 
completed on Wayne County’s data for Mecklenburg County, North Carolina (Charlotte) and 
Harris County, Texas (Houston)You will answer questions about the pattern and degree of 
segregation in those locations and compare it to the pattern you analyzed for Wayne County 
(Detroit). Your instructor may prompt you to answer additional questions about additional 
counties or may have you analyze data about Asian-American or Hispanic residential patterns. 

Harris County, Texas 

Harris County, Texas is home to Houston is the third-largest county by population in the United 
States. The population is about one-third white (non-Hispanic), about one-fourth black and about 
40% Hispanic. Harris County grew rapidly during the 20th century, leaping from less than 
100,000 in 1900 to 1.2 million by 1960.  
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Repeat the steps that you completed in the section above (Wayne County) for Harris County.  The 
percent Black map is already completed for you.  Abbreviated steps are below: 

39. Right-click on Harris, Texas in the Table of Contents.  
40. From the drop-down menu, select “Zoom to Layer” to "fly to" Harris County. 
41. You may need to save a copy of this layer to your own drive space, just like you did for 

Wayne County, Michigan.  
a. Right-click on Harris County, Texas, and select “Data/Export” find a location to save the 

file and name it “Harris2”.  Use “Harris2” rather than the read-only copy supplied to 
you. 

42. You may uncheck the old "Harris County, Texas" map to prevent yourself from accidentally 
trying to work with it. 

43. Right-click on YOUR recently added Harris 2 layer and select Properties from the drop-
down list. 

44. Examine the pattern of black residence in Harris County.   
45. You may want to turn on/off the CBD map and the highway (background) layer.  
 
Answer one or more question(s) regarding the map. 

 
46. Now, calculate the Index of Dissimilarity for Harris County, using the same steps you used 

when you calculated it for Wayne County. 
47. Make a note of the value you get for the Index of Dissimilarity (sum) 
 
Answer one or more question(s) regarding the statistics you have calculated. 
 

Map and Analyze Mecklenburg County, North Carolina 

48. To map Mecklenburg County, North Carolina (it includes Charlotte), right-click on the 
"Mecklenburg County, NC" layer and select "Zoom to Layer" to zoom to the greater Charlotte 
area. 

49. To modify this map, you may have to make a copy of this map (data/export) to a drive space 
of your choosing.   

50. Name your exported file "Mecklenburg2" 
51. You may want to uncheck the old Mecklenburg County, NC map to prevent yourself from 

accidentally working with it. 
52. Make a note of the spatial pattern of black census tracts in the county.  You may add the CBD 

layer and examine the patter of Interstate Highways 
53. Note that the census tracts in rural Mecklenburg County (they are the large ones along the 

outside edges of the county),  
 

Answer one or more question(s) regarding the map. 
 

54. Calculate the Index of Dissimilarity for Mecklenburg County, North Carolina 
 
Answer one or more question(s) regarding the statistics you have calculated. 
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California Counties 

The segregation patterns evident in and around Detroit, Charlotte, and Houston follow the 
patterns suggested by geographers Ford and Ernst (above).  Counties in California do not follow 
the theorized patterns nearly as close, but California counties are not without interest.  In this 
portion of this exercise, you will analyze the pattern and degree of residential segregation of the 
black population in Orange and Los Angeles Counties.  Your instructor may ask you to 
additionally analyze the patterns of residential segregation for Hispanics (Latinx) and/or Asian-
Americans as well. First, let’s do a quick analysis of Orange County. 

Orange County, California. 

Until very recently, Orange County, California was a stronghold of political conservatism – a place 
that might seem a region where segregation of African-Americans might be intense, but as you 
will see racism, politics, and patterns of residence do not interact as you might expect, nor do 
they appear the same in all parts of the United States.  Examine the map of Orange County and 
calculate the Index of Dissimilarity. 
55. You may need to save (Data/Export) a copy of the Orange and LA County maps. 
56. Rename the Orange County, California map “Orange2” 

Mapping and Analyzing Residential Segregation in Los Angeles County, California 

Los Angeles is the most populous county in the United States with a population of over 10 
million. Nearly 1 million African-Americans live in Los Angeles, which is a very large number, but 
Blacks are the fourth largest ethnic group in the county, behind Latinos (which includes some 
Blacks) and Asian-Americans.  Still, African-Americans have a long history in Southern California, 
figuring prominently among the earliest residents of the city during the Spanish Colonial Era. 
African-Americans have been subjected to a long, but varied history of racism and residential 
segregation in Los Angeles, so the pattern of residence in recent years is of some interest.  Your 
task is to compare the pattern and degree of residential segregation of African-Americans over 
time.  You will map and analyze the patterns of residential segregation for Los Angeles County in 
2010 (like others), but also in the year 2000 to see if the segregation of Black people and/or 
Hispanics) is growing or diminishing. 
 
Follow the steps you used for the other counties in this assignment to complete the final analysis. 
 
Answer one or more question(s) regarding the statistics you have calculated. 
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FAST FOOD AND FITNESS IN LOS ANGELES  
Obesity is a national crisis in the United States.  Just over 40% of the American 
population was considered obese in 2019 and those percentages were significantly 
higher among Latinos and African-Americans. People who are obese frequently 
suffer from several related health conditions including, heart disease, stroke, 
diabetes, and some types of cancer. The estimated annual medical cost of obesity in 
the United States is around $150 billion. Obese people have higher health care costs 
as well ($1,429 higher than those of normal weight). The causes of obesity are hotly 
debated, but in general diet and physical activity are linked to healthy weight 
outcomes. Poverty complicates efforts to reduce obesity, partly because inexpensive 
food (cost and time) often contribute to obesity for the poor people who rely on it.  
Fast food restaurants have been identified as a possible contributor to the obesity 
crisis in the United States – especially in communities of color. 

S T U D E N T  L E A R N I N G  O B J E C T I V E S :  

1. Students use GIS software to analyze fitness and business data in the course of testing a 
hypothesis regarding neighborhood fitness levels. 

2. Students identify the variety of retail, demographic, income, and fitness patterns in Los 
Angeles and how each contributes to childhood fitness levels. 

3. Students successfully use Ordinary Least Squares Regression to evaluate the relative impact 
of several variables upon childhood fitness levels in Los Angeles. 

4. Students recognize the utility of model residuals in identifying outlying observations. 

Background 

In 2008, Los Angeles City Councilperson Jan Perry helped pass an ordinance that was 
designed to restrict the number of new stand-alone fast-food restaurants that could open in 
South Los Angeles, a region of the city with a high percent of people of color and high rates 
of obesity-related illness.  

Some who studied the situation in the few years following Perry’s "fast food ban" argued 
that the law had no effect on the level of obesity and that the number of fast-food 
restaurants had not diminished, despite the passage of the ordinance. 

Critics pointed to several problems with the "ban". The biggest problem was that it had so 
many loopholes that the number of restaurants continued to increase during the period of 
the “ban”. The “ban” also failed to address other sources of unhealthy food options, like 
convenience stores, while doing nothing to improve access to healthy food options.  

One widely-cited study that declared the LA "ban" on fast food restaurants a failure itself 
had several problems. One problem was that it used a measure of access to fast food that 
inaccurately measured “access” to food retailers. Another problem stemmed from the 

Exercise 

4 
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variables used in the study to measure obesity or fitness. Still, the study was widely hailed 
in the media and repeatedly cited it as proof that regulating the landscape of food access 
was a stupid idea. Read the news item regarding the ban below or use the link to open the 
story in a browser window: https://www.npr.org/sections/thesalt/2015/03/20/393943031/why-los-
angeles-fast-food-ban-did-nothing-to-check-obesity 
 

There's a researcher at the RAND Corporation who has been building a reputation as a curmudgeonly 
skeptic when it comes to trendy ways to fight America's obesity epidemic. 

First, Roland Sturm took aim at the idea that "food deserts" — areas without well-stocked grocery stores — 
cause unhealthy diets and obesity. His studies found that they do not. When Los Angeles decided in 2008 to 
ban new fast-food restaurants in some of the city's poorest neighborhoods, Sturm was skeptical that it would 
help lower obesity rates. 

Now Sturm, an economist, has taken a close look at what LA's fast-food ban has accomplished. He 
concludes in a new paper published online by the journal Social Science & Medicine that there's no 
evidence it had any effect at all. In fact, obesity rates in South Los Angeles and other neighborhoods the law 
was aimed at increased faster than in other parts of the city or other parts of the county. 

Advocates of the measure saw it as a powerful tool to help improve diets. Opponents, like fast-food chains, 
said "the sky is falling," Sturm tells The Salt. In reality, he says, "this has had no measurable impact." 

In part, he says, it's because the fast-food ban took aim at an inconsequential target. It merely blocked new 
construction or expansion of "stand-alone fast-food" restaurants. Yet Sturm found that in South LA, the area 
covered by the ban, free-standing restaurants are relatively uncommon. They are far outnumbered by 
restaurants in strip malls and small food shops such as corner stores, none of which are restricted by the 
new city ordinance. 

In the years since the ordinance was enacted, he says, the distribution of food outlets in this part of LA has 
remained more or less the same. Small corner stores are common, and so are fast-food restaurants in strip 
malls. No new free-standing fast-food restaurants have opened, but they were rare to start with. 

Finally, he says, "social norms have not changed, either." Surveys of diet and obesity show no changes that 
can be attributed to the new fast-food restrictions. Fast-food consumption and obesity rates continued to 
increase in all areas of LA from 2007 to 2011-2012, and the increase was greatest in the areas affected by 
the fast-food restrictions. There was one notable exception: Soda consumption declined, but this was true 
across the city, not just in South LA. 

Barry Popkin, a professor of global nutrition at the University of North Carolina, Chapel Hill, says he wasn't 
surprised at all by Sturm's observations. "That little ban was just too trivial," he tells The Salt. Many studies 
have now concluded that physical access to food "is less important than people think." 

"Trivial" not how Kelly Brownell, a professor of public policy, psychology, and neuroscience at Duke 
University, characterizes it, though. "I would not agree that this was a trivial measure, as it could be 
precedent setting, and in communities without many fast-food restaurants, setting limits could help prevent 
problems," Brownell writes in an email. But he says he also wasn't surprised that the ban wasn't effective. 

Sturm says he never set out to be an obesity policy killjoy. "I have no horse in that race, I care about getting 
facts right," he says. He admits, though, that the notion of supermarket proximity reducing obesity "always 
seemed fishy" even before he looked at the data. 

And sometimes, he says, altering aspects of the food environment can affect diets and obesity. He's come to 
the conclusion, for instance, that food prices matter. He's analyzed data from the U.S. and from South 
Africa, and in both cases, when fruits and vegetables were cheaper, people ate more of them, compared to 
less-healthy foods. 

Popkin agrees. Diets won't change significantly, he says, "until we start changing the relative price of food," 
making nutritious food more affordable. 

 
Answer one or more question(s) regarding the passage above. 

  

https://www.npr.org/sections/thesalt/2015/03/20/393943031/why-los-angeles-fast-food-ban-did-nothing-to-check-obesity
https://www.npr.org/sections/thesalt/2015/03/20/393943031/why-los-angeles-fast-food-ban-did-nothing-to-check-obesity
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Launch the Software and Open the File 

1. Launch the software and open the file “Fast Food”.  Your 
instructor will provide directions on where the file is 
stored.  You may want to save a copy of the file with an 
alternate name as your “working copy” in a drive where 
you have full write access.  

2. Examine the map.  Note the layers in the Table of Contents 
window and map window. 
a. Elementary Schools – active  - checked (visible) 
b. Fast Food Ban Area – inactive - unchecked 
c. Los Angeles Planning Areas – unchecked 
d. Percent Students in HFZ – IDW Raster  - unchecked 
e. LA ZIP Codes – Mean HFZ (healthy fitness zone)-  unchecked 
f. LA ZIP Codes – Ethnicity - unchecked 
g. LA ZIP Codes –- Income - unchecked 
h. LA ZIP Codes –- Fast Food (total restaurants) - unchecked 
i. LA ZIP Codes –- Fast Food (Location Quotient) - unchecked 
j. A background layer of ZIP codes – unchecked 
k. Basemap – active (checked on), but turn it off if your computer is responding slowly. 

3. Explore the map layers and familiarize yourself with the various layers. 
4. Find Santa Monica on the map as well. This region of Greater Los Angeles serves at the other 

quasi case study in this exercise. 
5. Turn on the “Fast Food Ban Area” and zoom in to that region so you are familiar with the 

South Los Angeles region.   
• right click on the layer in the Table of Contents and click “Zoom to Layer” as a shortcut. 

6. Click on the Explore button to activate the pan and identify tools. 
7. Click on “Magnolia Avenue Elementary” – it’s in the most northern school in the “Ban Area” in 

the eastern (right) corner. You should see the following data in the pop-up window: 
 
Students: 3208 
Percent Students in HFZ (mean): 45.15 
Standard Deviation: 14.746398 
Standardized HFZ: -0.7268 
 

8. Interpret this information as:  
3,208 fifth grade students at this school were tested during the 15 year study period and the average 
percent of students testing in the “Healthy Fitness Zone”, was 45.15% with a standard deviation of 
(meaning 68% of students were within plus or minus) 14.7% of the aveage.  Compared to other 
elementary schools in Los Angeles County, this schools’ average score is negative 0.7268 standard 
deviations below the average. (*The county wide average for students was about 60%.) 

 

9. Now right-click on Elementary Schools in the Table of Contents, and select “Attribute Table” 
from the menu. 

10. In the Attribute Table, right-click on the column header “Percent Students in HFZ (mean)” 
and select “Statistics” from the menu that appears.  Examine the histogram and values. 

11. Click the Show Normal Distribution and “Std.Dev.” in the Chart Properties window. 
12. Click on the “Select” button on the top tool ribbon and then click on Magnolia Avenue 

Elementary in the map window to highlight it.  Note where this school appears on the 
histogram relative to the mean and standard deviation markers. 

Answer one or more questions about schools in the “ban area” and the Santa Monica Area 

Figure 6: Video Tutorial - Fast Food and Fitness, 
Part 1. URL:  https://youtu.be/EMZ3ulyKGQ0  

https://www.youtube.com/embed/EMZ3ulyKGQ0?feature=oembed
https://youtu.be/EMZ3ulyKGQ0
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Reading Rasterized Fitness Data 

To analyze the relationship between 5th-grade fitness levels and proximity to fast-food 
restaurants (and other food retailers), the fitness data associated with the schools (points) had 
be converted to ZIP code level data so that it could be compared to demographic and business 
data that is available at the ZIP code level. There are multiple strategies for converting point data 
to polygon (ZIP) data, but in this exercise you will use data that was first converted from the 
schools point data values (vector data) to raster format, using the Inverse Distance Weighting 
(IDW) tool in ArcPro. This tool interpolates (estimates) data values for locations where the data 
is unknown by using data at known locations.  

It’s a kind of “hot spot” mapping. So if the value for HFZ is 100 at school A, and two miles away at 
school B, the value for HFZ is 60, then the software will interpolate a value of 80 for the area half-
way between the two schools. This step is important because school attendance boundaries and 
ZIP codes do not correspond, so creating a raster surface of interpolated values creates a map 
that estimates local fitness levels across Los Angeles, even where schools are widely spaced and 
attendance boundaries are unknown. We can take the raster values and put them back in vector 
map polygons by joining the mean raster value to census tracts or ZIP Codes. In a more advanced 
course, you might be asked to transform the data yourself, but in this exercise, the two-step 
transformation has been performed for you. 

Still, it remains important that you know data can be transformed in this fashion and that you 
understand the spirit of the process. 

Follow the steps below: 

13. You may want to close the Attribute Table and Histogram /Statistics windows. 
14. In the Table of Contents Window, click on (activate) the layer “Percent Students in HFZ (IDW 

Raster).  Only the Elementary Schools layer should also be active (no “Ban Zone” layer) 
15. Note the pixelated pattern of the raster map. 
16. Zoom in on any elementary school, and click on an elementary school to bring up its data. 
17. Click on a raster pixel very close to the same school in the Percent Students in HFZ - IDW 

Raster layer. Note the similarity in data values and understand that the pixel value was 
derived from the percent of students in the HFZ at the nearest school, but that as distance 
increases from that school, the values from other nearby schools also affect the pixel values 
in the raster map layer.  

Answer one or more questions using data from the map. 

Raster to Polygon Data 

The data from each pixel was assigned to the ZIP code containing that pixel. This process used 
the analysis tool “Zonal Statistics” which calculated the mean of the raster values within each ZIP 
code, allowing that mean of pixel values within each ZIP to be uploaded to the ZIP code map as a 
column or variable. The resultant variable is displayed in the map layer “LA ZIP Codes - Mean 
HFZ” to examine and analyze that data: 

18. In the Table of Contents, click on the “LA ZIP Codes - Mean HFZ” layer. 
19. Click on and off the layer “Percent Students in HFZ - IDW Raster”  
20. Note the relationship between the two layers of data – and the HFZ scores at the schools. 
21. Using the Explore button, zoom in on a ZIP code and click to bring up the data (or open the 

Attribute Table) 
Answer one or more questions using data from the map. 

https://en.wikipedia.org/wiki/Raster_data
https://en.wikipedia.org/wiki/Inverse_distance_weighting
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Evaluating Cause and Effect in a Complex System 

The last portion of this exercise will introduce you to a data 
modeling technique called Ordinary Least Squares 
Regression.  This process allows you to test multiple 
hypotheses about the relationship between several 
variables and the fitness levels of in neighborhoods. 

Already you have examined the outcome or dependent 
variable – Mean Healthy Fitness Zone.  It’s called the 
dependent variable because it is dependent on other 
variables.  It is the outcome or “effect” variable. Sometimes it’s also known as the “Y” 
variable. The variable we are using in this exercise is a proxy variable because it is being 
used instead of fitness or obesity rates for each person in each ZIP code.  That data doesn’t 
exist, so we use a proxy. 

Whenever you can see an effect (obesity), you search for causes.  Those are causal variables, 
which are sometimes called independent or “X” variables.  You are going to analyze several of 
the variables that “cause” obesity in this section of the exercise. The test you are going to 
run will indicate both the strength of the effect the variable has on neighborhood fitness 
levels and the certainty of the effect (confidence).  And, because you’re going to analyze the 
effect of several variables simultaneously – because multiple factors cause obesity – you will 
also evaluate the overall strength of the ‘model’ which is what we call the analytic 
combination of our cause and effect variables.  

Answer one or more questions about the information above. 

Ordinary Least Squares Regression 

Before you run the regression tool, it’s important to quickly look over the variables you’ll be 
using on the map. These variables were selected for inclusion in the regression model 
because: 1) they have been shown by other researchers to be related to obesity, or 2) we 
have reason to believe that they may be related to obesity rates and we want to test our 
assumptions.  Here’s what you should do: 

22. Turn on/off (and examine) the following map layers that will be used in your regression 
model to see the patterns of the variables that are contributing to the overall pattern of 
fitness.  You’ll answer some questions about each layer. 
a. Median Income 
b. Ethnicity / Percent White  
c. Fast Food Restaurants 
d. Fast Food Location Quotient – a measure of the relative density of fast-food restaurants 

as a percent of all businesses in a ZIP code.   
• A location quotient of 100 means that the percent of all businesses that are fast-food in 

that ZIP code is equal to the percent of all businesses in the county that are fast-food. 
• A location quotient of 50 means that the percent of all businesses that are fast food in 

that ZIP code is half the percentage of all businesses in the county that are fast-food.  

Answer one or more questions about the information contained in the map layers you 
examined and about Location Quotient 

Figure 7: Video Tutorial - Fast Food and Fitness, 
Part 2. URL: https://youtu.be/MOhtrcTd248  

https://en.wikipedia.org/wiki/Ordinary_least_squares
https://en.wikipedia.org/wiki/Ordinary_least_squares
https://en.wikipedia.org/wiki/Dependent_and_independent_variables
https://en.wikipedia.org/wiki/Dependent_and_independent_variables
https://en.wikipedia.org/wiki/Proxy_(statistics)
https://en.wikipedia.org/wiki/Dependent_and_independent_variables
https://en.wikipedia.org/wiki/Economic_base_analysis
https://www.youtube.com/embed/MOhtrcTd248?feature=oembed
https://youtu.be/MOhtrcTd248
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“Run the Model” 

Now it’s time to set up the model and run the Ordinary Least Squares regression tool so that 
you can test some assumptions about the causes of obesity/fitness that prompted the Los 
Angeles City Council to pass a ban on the expansion of fast-food restaurants in South Los 
Angeles.  

For this exercise, the basic hypothesis you are to test is as follows:  

If the density of fast-food restaurants in a neighborhood (as measured by the location quotient 
at the ZIP code level) contributes to the degradation of neighborhood fitness levels, then the 
regression modeling will indicate that the fast-food density is both negative and statistically 
significant associated with fitness levels, even after holding constant the effect of other 
variables. 

That may seem terrifying and a bunch of statistical mumbo-jumbo to you, but it’s not so bad 
once you’ve done it a couple of times and you see how it works. This exercise doesn’t 
attempt to teach you all the nuances of regression modeling, but it is a good introduction to 
how the process.  Here are the steps: 

23. Click on the Analysis tab and click on the Tools button. 
24. In the Geoprocessing window that appears, type “Ordinary Least Squares” in the Find Tools 

box. 
25. Select the Ordinary Least Squares tool from the list of tools that appears. 
26. Set the parameters as follows: 

• Input Feature Class: LA ZIP Codes – Mean HFZ 

• Unique ID Field: UniqueID 

• Output Feature Class: “OLS_Mod1” – save it in a drive that you have write access. 

• Dependent Variable: HFZ_Mean 

• Explanatory Variables: 
o Unemployment Rate (Unemployment Rate in 2010) 
o Percent Brown (Percent of African-Americans and Hispanics combined) 
o Percent No HS (Percent of persons without a high school diploma) 
o Percent $25-50K (percent of households with income from $25-50,000 per year) 
o LQFF10 (Location Quotient for Fast Food restaurants in 2010) 

27. If you have a place to save, or write access to a drive, in the Output Report File box, type in 
“Model 1” (it’s a .pdf file) and click on the Run button. 

28. Allow the software a minute or two to complete the analysis, write the output report file (if 
you did that), and construct a new map layer. 

29. Click on the words “View Details” at the bottom of the Geoprocessing Window that appears 
once the OLS test is finished and another window will pop-up providing a summary of your 
results. If you also chose to create an Output Report File, you can click on the link to open it 
from the results window under Parameters – it will open either in a browser window, Adobe 
Reader, or another software that reads .pdf files. 

Interpret the Results 

Reading and understanding the results is the hard part because there are many considerations, 
but for this introductory exercise you should focus on only a few of the indicator statistics in the 
output.  Here’s how. 

30. Note in the table of OLS results there is a list of variables on the leftmost column. 
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31. The second column has the Coefficient, which indicates the strength and direction of the 
relationship between that independent (x) variable and the dependent (y) variable. 
• A negative number indicates that as the x increases the value of y decreases. 
• The coefficient tells you how much the average of the dependent variable changes with a 

one-unit change (like Percent Brown) in the independent variable (percent of students 
in HFZ) – while holding other variables in the model constant. 

32. The column of data under “Robust_t” contains numbers that indicate the strength of the 
causal variable in the model.   
• The customary ‘cutoff’ for this indicator is +/-1.96 and it’s tied to the next stat… 

33. The column of data under Robust_Pr [b] contains a number indicating the statistical 
significance of the coefficient. 
• The customary ‘cutoff’ for this indicator is .05 – which means you have at least a 5% 

probability (chance) you could be wrong if you rejected the null hypothesis – that is to 
say “there’s no relationship between these variables”.   

• Very low probabilities suggest high confidence that indeed a relationship exists between 
the variables. 

34. The VIF column should not have numbers above 7.5, which would indicate that the 
explanatory/independent/causal variables were too similar or “redundant” 
 

Summary of OLS Results                                         
 
Variable Coefficient [a] StdError t-Statistic Probability [b] Robust_SE   Robust_t     Robust_Pr [b]     VIF [c] 
Intercept      85.149980 1.958337   43.480750      0.000000*  2.007278    42.420613    0.000000* -------- 
UNEMPLRATE    -0.614119 0.252086   -2.436145       0.015571*  0.261333   -2.349950     0.019585*       1.944742 
PCTBRWN       -0.194121 0.027122   -7.157216       0.000000*  0.027662   -7.017525     0.000000*       4.205745 
PCTNOHS        0.290866 0.070459    4.128171       0.000056*  0.071003    4.096538     0.000063*       3.713186 
PCT2550       -0.518226 0.110564   -4.687092       0.000006*  0.122407   -4.233623     0.000037*       3.369836 
LQFF10        -0.015216 0.008268   -1.840428       0.066958   0.007644   -1.990457     0.047684*       1.585608 

 
OLS Diagnostics                                               Input Features:              LA ZIP Codes - Mean  
 
HFZ   Dependent Variable:                             HFZ_MEAN Number of Observations:                    243   
Akaike's Information Criterion (AICc) [d]:   1564.345732 Multiple R-Squared [d]:                     0.617778   
Adjusted R-Squared [d]:                         0.609714 Joint F-Statistic [e]:                     76.611724   
Prob(>F), (5,237) degrees of freedom:           0.000000*Joint Wald Statistic [e]:                 401.197326   
Prob(>chi-squared), (5) degrees of freedom:     0.000000*Koenker (BP) Statistic [f]:                11.702879   
Prob(>chi-squared), (5) degrees of freedom:     0.039094*Jarque-Bera Statistic [g]:                  0.840199   
Prob(>chi-squared), (2) degrees of freedom:     0.656982 
 
Notes on Interpretation *  An asterisk next to a number indicates a statistically significant p-value (p < 0.01). 
[a] Coefficient: Represents the strength and type of relationship between each explanatory variable and the dependent variable. 
[b] Probability and Robust Probability (Robust_Pr): Asterisk (*) indicates a coefficient is statistically significant (p < 0.01); 
if the Koenker (BP) Statistic [f] is statistically significant, use the Robust Probability column (Robust_Pr) to determine 
coefficient significance. 
[c] Variance Inflation Factor (VIF): Large Variance Inflation Factor (VIF) values (> 7.5) indicate redundancy among explanatory 
variables. 
[d] R-Squared and Akaike's Information Criterion (AICc): Measures of model fit/performance. 
[e] Joint F and Wald Statistics: Asterisk (*) indicates overall model significance (p < 0.01); if the Koenker (BP) Statistic [f] 
is statistically significant, use the Wald Statistic to determine overall model significance. 
[f] Koenker (BP) Statistic: When this test is statistically significant (p < 0.01), the relationships modeled are not consistent 
(either due to non-stationarity or heteroskedasticity).  You should rely on the Robust Probabilities (Robust_Pr) to determine 
coefficient significance and on the Wald Statistic to determine overall model significance.[g] Jarque-Bera Statistic: When this 
test is statistically significant (p < 0.01) model predictions are biased (the residuals are not normally distributed). 

WARNING 000851: Use the Spatial Autocorrelation (Moran's I) Tool to ensure residuals are not spatially autocorrelated. 

Writing output graphic file.... 
C:\Users\sg4002\Documents\ArcGIS\Projects\IHG_Labs\Fast Food\Fast Food\Model1.pdf 
Completed script Ordinary Least Squares (OLS)... 

Succeeded at Wednesday, May 20, 2020 2:10:47 PM (Elapsed Time: 25.46 seconds) 

 
On the second page of the output, find the Adjusted R-Squared value.  It indicates the overall 
strength or “fit” of the model.  It’s often interpreted as the percent of the variation in the 
dependent variable that is predicted by the combination of the independent/causal variables.  If 
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the model’s independent (causal) variables predicted the dependent(effect) variable perfectly, 
then the R-squared value would by 1 (or 100). 
 

Reading the Residual Map 

The model is not perfect. That’s OK because there are many reasons why fitness levels/obesity 
varies from neighborhood to neighborhood, and there’s no way to know them all.  We know 
there will be differences between what our model predicts (Estimated -HFZ) and the actual data 
we used for the dependent variable (HFZ_Mean) in each ZIP code. Those differences are called 
“Residuals”.  You can open the Attribute Table and see all the data. Keep in mind though that 
frequent big residuals = lower R-Squared values.  

To make the map easier to read and understand, the map you see displays the standardized 
residuals for each ZIP code. This means the software took the raw residuals and put them on a 
bell curve in a process that’s called “normalizing” or “standardizing” the data. Again, you can see 
the data itself in the Attribute Table. 

The residuals are VERY interesting because they quickly point to ZIP codes have fitness rates 
“better than” we expect, given the conditions in that ZIP (as indicated by the causal variables we 
chose) and which ZIP codes are doing “about as expected”, and those doing “worse than 
expected” given the assumptions /variable in the model.  Read the map. 
 
35. Examine the map and open the attribute table for the residual map. 
36. The ZIP codes in yellow have fitness levels close to what the model predicts. 
37. The ZIP codes in the darkest shades of red have fitness levels well above what we predicted 

with our model. 
38. The ZIP codes in shades of blue have fitness levels that are below what we predicted with our 

model or “given the conditions in the ZIP code”.  
 
Answer one or more questions about the data in the attribute table/map of model residuals. 
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RETAIL SITE LOCATION 
Almost every time you visit a fast-food restaurant, mall, or major retail chain store, you 
are visiting a location that was carefully planned by a team of people using common 
principles of Economic Geography. The decision-making processes that factor into the 
where stores open and thrive, or fail and close, are complex and the retail site location 
analysts who make those decisions are highly trained professionals who can make or 
lose a company enormous sums of money. It is a highly lucrative career option. 

Introduction 

You may have heard the adage, “the three most important words in business are, “location, 
location, location”. Unfortunately, many students in the business school at your college or 
university get little formal instruction in the art and science of evaluating locations for business. 
It's not just business students that might find the skills in this exercise beneficial. Students hoping 
to work in the health care industry, public service, law enforcement, intelligence, non-profits and 
a host of other fields may someday be in a position to decide, "Where shall we put our next (fill in 
the blank)?" Maybe you are just curious about "why did they put that store there? 

In this exercise, you have been hired by a large doughnut store chain to identify the best location 
for a new store in the San Fernando Valley portion of Los Angeles, and a location for a factory that 
makes crème filling and sprinkles used by all the doughnut shops in the San Fernando Valley.   

Student Learning Objectives: 

1 Students recognize retail and industrial site location analysis as career paths. 
2 Students recognize and apply several basic theories from economic geography. 
3 Students complete simple calculations in GIS software. 
4 Students map ideal locations for a factory  
5 Students choose among proposed locations for a retail establishment. 

 

Background – The Hotelling Model  

One of the reasons businesses locate where they do is to be near their customers. This is 
especially true when many competing businesses sell similar products, like doughnuts. Sure 
some doughnuts are better than others, but most folks happily eat doughnuts from the 
nearest store, and will not drive far past one doughnut store to get doughnuts at another. In 
economic geography terms, the doughnut shop nearest you represents what’s called an 
intervening opportunity because it stands between you and more distant doughnut shops. 
Generally, you will take advantage of the intervening opportunity, rather than visiting a 
more distant doughnut shop. 

Exercise 

5 
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Economic geographer Harold Hotelling analyzed the effect intervening opportunities had on 
the location of businesses. The scenario below describes the most famous example of how 
customer behaviors create location responses by businesses on the landscape. 

Imagine that you are on a beach selling ice cream and there is another person on the beach 
also selling ice cream.  In Scenario 1, the x’s represent your customers, and the y’s represent 
your competitor “Them”’s customers. You and your competition have a roughly equal 
number of customers. 

Scenario 1: Time 1 
x x x x x x x x x x x YOU x x x x x x x x x x  y y y y y y y y y y THEM y y y y y y y y y y 

Because you are smart, you move your ice cream business toward the competition to 
“invade” their trade area because you know customers will not pass your shop to buy ice 
cream from your competition.  By moving next to your competitor, you ‘capture’ a large 
portion of their trade area and most of the competition’s customers. 

Scenario 2: Time 2 

 x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x YOUTHEM y y y y y y y y 

Your competitor is likely to retaliate by moving their ice cream just to the other (left) side of 
your shop to capture your market. You, of course, would do the same and you and your 
competition would continue to leapfrog each other until you reach a state of equilibrium in 
which you and your competitor would find yourself adjacent to one another at the center of 
your market area, once again, with an equal number of customers as is the case in scenario 
3 below. 

Scenario 3:Time 3 

x x x x x x x x x x x x x x x x x x x xYOU THEMy y y y y y y y y y y y y y y y y y y y y y  

The logic of these moves and counter-moves was observed and published many years ago 
by Howard Hotelling. The Hotelling Model describes how firms will locate in a situation 
with only two competitors.  The logic of this model holds true in a multi-competitor 
environment, but the resultant patterns are varied depending on the type of business.  

Doughnut shops tend to compete on both price and quality, so the logic of the Hotelling 
Model in two-dimensional space produces a dispersed pattern retail landscape. 

Answer one or more questions about the information in the paragraphs above. 
  

https://en.wikipedia.org/wiki/Harold_Hotelling
https://en.wiktionary.org/wiki/leapfrog
https://en.wikipedia.org/wiki/Hotelling%27s_law
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Mapping Doughnut Shops in the San Fernando Valley 

Your task is to make recommendations to your employer 
about where to place a new retail doughnut shop in the San 
Fernando Valley and where to place a factory that delivers 
ingredients to all doughnut shops in the region. Here’s how. 

1. Open ArcGIS Pro Software 
2. Open the file “Doughnut” in the Doughnut folder. 

• Consult with your instructor if the file/folder is 
housed on a common server. 

3. Examine the map. Note the various map layers: 
a) Doughnut Shops – Active (Visible) 
b) Streets and Roads – Inactive 
c) ZIP Codes - Inactive 
d) Census Tracts: Population 2018 – Inactive 
e) A Background Layer for your reference 

Use the Explore tool to answer one or more questions about the map 

Locate the Crème Filling and Sprinkles Factory– Measuring Central Tendencies in Space  

The first task you must complete as a site location analyst is to recommend a location for a 
factory to make the ingredients used by local donut shops. This factory will manufacture 
and deliver sprinkles and crème filling to all the doughnut shops in the San Fernando Valley. 
Because doughnut shops have little storage space, and fresh ingredients are key to quality 
donuts, shipments must be made daily to each doughnut shop from this factory.  

This strategy for manufacturing, warehousing, and delivery of products is scalled just-in-
time manufacturing. It was pioneered by auto manufacturers in Japan during the 1960s. 
Just-in-time production theories have radically changed the nature of manufacturing and 
retail in the United States during the past several decades. Because the transport and 
storage of doughnut ingredients are expensive, it is important to locate the factory (and/or 
the ingredients warehouse) in a location that minimizes transport costs.  That point is called 
the least cost location, and it’s a part of the answer to the Weber Problem a foundational 
issue in Economic Geography named after Alfred Weber. 

In this exercise, you’ll calculate the least cost location for the factory first using only the 
minimum total distance from all the doughnut shops. To find this location, you have to 
calculate the “average location” or “spatial mean”, and then you’ll use a weighting factor to 
calculate a weighted spatial mean, to make the process slightly more realistic. The distances 
used to calculate the spatial mean center are all ‘straight-line’ distances and do not account 
for the local street network. 

In a more advanced GIS course, you might learn how to use more complex versions of these 
formulas using a set of tools and strategies called “Network Analysis” commonly used by 
Amazon, FedEx and UPS to route deliveries efficiently over the street/road network. 

See the entry for Spatial Statistics on Wikipedia for more information. 

Answer one or more questions about the information in the passage above. 

  

Figure 8: Video Tutorial - Retail Site Location, 
Part 1. URL: https://youtu.be/amkDWCPRUIk  

https://en.wikipedia.org/wiki/Just-in-time_manufacturing
https://en.wikipedia.org/wiki/Just-in-time_manufacturing
https://en.wikipedia.org/wiki/Weber_problem
http://en.wikipedia.org/wiki/Statistical_geography
https://www.youtube.com/embed/amkDWCPRUIk?feature=oembed
https://youtu.be/amkDWCPRUIk
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Calculate the Mean Center of Doughnut Shops. 

1. Click on the Analysis Tab above the main toolbar. 
2. Click on the Tools button and a Geoprocessing window will appear. 
3. In the Find Tools search box type “Mean Center” and click the Mean Center tool from the 

list of tools that appear. 
4. From the list of Input Feature Class layers, select Doughnut Shops from the drop-down 

list. 
5. In the Output Feature Class box, type “Factory_MC” 
6. Click on the folder icon to the right of the Output Feature Class box and select the 

location where you want to save the new map layer (single point). 
*Consult with your instructor if you do not have write-access to the default folder. 

7. Leave the “Weight Field” and other field options blank 
8. The parameter should be set as such: 

Input Feature Class: Doughnut Shops 
Output Feature Class: Factory MC 
Weight Field: (blank) 
Case Field: (blank) 
Dimension Field: (blank) 

9. Click the “Run” button. 
10. Note that a new point marker (bright green dot) appears on the map.   
11. Zoom in on the point “Factory_MC” you just created. Turn on the ZIP code layer, the 

street layer and make sure the Doughnut Shop layer is on. 

Answer one or more questions about the location you just created on the map. 

Repeat the steps from above, but for this round of analysis, you will use a weighting factor 
because you were told that some doughnut shops require more than one delivery per day, 
and others may not require daily deliveries. This information may move the least cost 
location toward a cluster of busier doughnut shops, perhaps at busy tourist destinations. 

12. This time you’ll include a weighting factor (Sales) and you will name the new layer 
FactoryWMC (for Factory Weight Mean Center). 

13. The parameters should be set as such: 
Input Feature Class: Doughnut Shops 
Output Feature Class: Factory WMC 
Weight Field: Sales 
Case Field: (blank) 
Dimension Field: (blank) 

14. Click Run and note the appearance of a new point on the map. 
15. You may want to click on the Factory_WMC point in the Table of Contents. This will 

open the Symbology window and from there you can select a new color or marker style.  
16. Zoom in on the point “Factory_WMC” you just created. Turn on the ZIP code layer, the 

street layer, and make sure the Doughnut Shop layer is on. 
17. Optional.  Measure the distance between your new point and the two nearest doughnut 

shops. Measure first the straight line distance between the points.  Then by using a 
series of clicks, follow the street network to estimate the total distance on the road 
network a truck would have to follow to deliver to the two nearest doughnut shops. 

Answer one or more questions about the location you just created on the map. 
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Retail Site Location: Find a Location for a New Doughnut 
Shop 

Next, you are to imagine that you’ve been hired to 
recommend a location for a new doughnut shop. You are 
going to use the GIS software to analyze the trade areas of 
existing doughnut shops so that you can estimate the 
threshold, or minimum number of customers necessary, to 
establish a successful doughnut shop while identifying 
regions of the San Fernando Valley that are underserved by 
doughnut shops. There are multiple techniques for 
determining a trade area. In this exercise, you will create very simple trade areas by 
creating Thiessen Polygons (Voronoi diagrams) – shapes drawn around each doughnut shop 
so that border of the trade area is halfway between each competing doughnut shop in every 
direction (north, south, east, west, southwest, northeast, etc.). You should note that the 
location of doughnut shops, though following the logic of the Hotelling Model discussed at 
the beginning of this lab, produces a dispersed pattern of points because doughnut shop 
owners seek to maximize the number of customers it serves most conveniently. 

Generate Thiessen Polygons  

18. Click on the Analysis Tab  
19. Click on the Tools button and the Geoprocessing Window will appear. 
20. In the Find Tools box (perhaps still containing the words “Mean Center”) type in 

“Thiessen Polygons” – spelling counts! 
21. Select (click) from the list of tools that appear “Create Thiessen Polygons” 
22. In the Create Thiessen Polygon tool window your Parameters should appears as below: 

Input Features: Doughnut Shops 
Output Feature Class: TradeAreas (no spaces!) 
Output Fields: “All fields” – from the drop down menu 

*make sure that the output feature class is saving to a drive where you have write access. 

23. Click Run and a new polygon layer will appear on the map and in the Table of Contents. 
a. Turn off the Streets and Roads Layer 
b. Turn off the ZIP Code layer 

24. Zoom out so you can see your new Trade Area layer.  
a. Note that the software automatically calculated a maximum extent for the trade 

areas, so that the trade areas at the edges of your study don’t stretch off into infinity. 
b. Optional: In the Table of Contents, click once on the color swatch for the TradeAreas 

layer. The Symbology window will appear. From the Gallery options, select “Black 
outline” and maybe change the outline to red (properties tab) to make the territory 
contained within each doughnut shop’s trade area more evident. 

25. Open the Attribute Table for the TradeArea layer and sort the data (ascending and 
descending) by “Shape_Area” to see the largest and smallest trade areas. The small 
polygons surround doughnut shops with lots of local competition. The big polygons 
surround doughnut shops with less local competition.  

Answer one or more questions about the data in the Attribute Table 

Figure 9: Video Tutorial - Retail Site Location, 
Part 2. URL: https://youtu.be/PSMvXXD9wlM 

https://en.wikipedia.org/wiki/Threshold_population
https://en.wikipedia.org/wiki/Voronoi_diagram
https://www.youtube.com/embed/PSMvXXD9wlM?feature=oembed
https://youtu.be/PSMvXXD9wlM
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Area vs. Customers 

If you were going to establish a new doughnut shop, a good place to consider would be on 
the boundary between two large Thiessen Polygons. That way, you could capture a larger 
trade area for a new doughnut shop. However, some of the largest Thiessen Polygons (in 
area) are on the edges of the San Fernando Valley, so it would not be wise to simply choose 
large Thiessen Polygons because some of those polygons might cover mountainous regions 
where few customers live. For example, the trade area containing Sunland and Shadow Hills 
also contains a large area in the Angeles National Forest…and there are not many doughnut 
customers there!  

26. In the Attribute Table for Trade Areas, sort the data by Sales (derived from the 
Doughnut Shop layer) 

Answer one or more questions about the data in the Attribute Table 

Join Demographic Data from the Census Tract Map  

Perhaps the most amazing capability of GIS software is its ability to combine multiple data 
sets (like Thiessen Polygons, addresses, ZIP code data, and Census Data) into a single data 
set. No other software does that. For this exercise, you’ll be joining data from the Census 
Tract layer into your new Trade Area layer – that way you can see how many people live in 
each trade area – and how much money they have, etc.  Here’s how: 

27. In Table of Contents, right-click on the TradeAreas layer. 
28. From the drop-down (or pop-up) menu select, “Joins and Relates” 
29. From the submenu, select “Spatial Join” and the “Spatial Join” dialog window will 

appear. 
30. Set the parameters as follows: 

 
Target Features: TradeAreas 
Join Features: “Census Tracts - 2018” 
Output Feature Class: “TradeAreasJoined” 
Join Operation: Join one to one 

Keep All Target Feature (check on) 
Match Option: Intersect 
 

a) Expand the Fields menu, under Output Fields, scroll down until you come to row 
“Population 2018” – click on it. 

b) From the “Merge Rule” drop-down menu select “Sum”  
• Set “Merge Rule” to “Sum” for the following: “BabyBoomers18” and “Workers 18 
• Set “Merge Rule” to “Mean” for: Median Income 18 and PerCapita Income18 
• **YOU MAY NEED TO EXPAND THE DIALOG BOX WINDOW SIZE. 

c) Match Option: Intersect 
• This will consider Census tracts touching the trade area part of the trade 

area. This will represent an over-count of the actual population, etc. within a 
trade area, but accurately reflect the relative population of each trade area 
vs others in the region. 

31. Click “Run” and a new layer, “TradeAreasJoined” that looks similar to the “TradeAreas” 
layer will appear on the map and in the Table of Contents.  

32. In the Table of Contents, right-click on the new layer and open the Attribute Table.  
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33. Sort the data by 2018 Total Population (ascending and descending) 

Answer one or more questions about the data in the Attribute Table 

Calculate Purchasing Power 

The last step in this segment of the assignment is to calculate a new column of data that can 
help you identify the trade area with the greatest purchasing power. Some trade areas, as 
you can see, have lots of people, and others fewer people but high incomes. The best trade 
areas have lots of people with lots of money, in other words, lots of purchasing power. 
Follow the steps to calculate a simple version of purchasing power 

34. In the attribute table for the layer TradeAreasJoined, scroll to the right to find the 
column, “Purchasing Power”. You may have to expand the field to see the column header. 
Right-click on Purchasing Power and from the drop-down menu select, “Calculate Field”. 

35. When the Calculate Field Geoprocessing window opens, click in the box under 
“PurchPower=” and then select from the list of variables in the Fields list “2018 Total 
Population” by double-clicking on the variable name. 

36. Type * (or click on the * in the operators list) to indicate multiplication. 
37. Double click on the “2018 Per Capita Income” variable in the Fields list. 
38. Type “/” (or select it) to indicate division. 
39. Enter 100000 (this makes the data manageable). Your formula should appear: 

!Population2018! * !PerCapitaIncome18! / 100000 

40. Click on the Run button and examine the results in the Attribute Table. 
41. You can close the Geoprocessing Window if your calculations worked. 
42. Right-click on the “Purchasing Power” column header in the Attribute Table. 
43. Select from the menu, “Statistics” and a histogram and statistical table will appear.  

44. In the Table of Contents window, right-click on the “Trade Area Joined” layer and from 
the menu, select “Symbology” 

45. In the Symbology window change the Primary Symbology to “Graduated Colors” 
46. In the “Field” menu select “Purchasing Power”  
47. Change the Method to “Equal Interval” and examine your map. 
48. In the Table of Contents, sort your data by Purchasing Power (high to low and low to 

high). 
49. Use the select tool to highlight the rows containing the trade areas/doughnut shops 

with the top five and lowest five purchasing power values.  
*click on the box to the left of the of the data columns to highlight – click-drag to highlight 

multiple rows) 
a. You may want to turn on your ZIP code layer 
b. You may want to turn on the World Street Map background layer. 
c. You may need to turn on/off your TradeAreasJoined map so you can see what 

neighborhoods include the trade areas with the greatest purchasing power. 

Answer one or more questions about the data in the Attribute Table 

*Additional Bonus Steps Available – check with your instructor. 


