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CHAPTER I: INTRODUCTION

The Food and Nutrition Service (FNS) of the U.S. Department of Agriculture (USDA) is
the sole Federal agency responsible for providing a food security safety net across the United
States and its territories. FNS’s mission is to increase food security and reduce hunger by
providing children and low-income individuals with access to food, a healthful diet, and nutrition
education in a manner that supports American agriculture and inspires public confidence.
Enabling participants to move to a healthier lifestyle, however, requires that households have
adequate access to a variety of high-quality, affordable foods. Such access often is compromised
in low-income areas where convenience stores, corner stores, and fast-food restaurants may
outnumber or take the place of supermarkets and other food retailers that offer a greater variety
of healthy foods (Morland, Wing, & Diez Roux, 2002). On the national level, the lowest income
neighborhoods have 30 percent fewer supermarkets than the highest income neighborhoods, with
more extreme disparities in some cities (Walker, Keane, & Burke, 2010).

The purpose of this feasibility study is to demonstrate the practicability of using
geographic information system (GIS) tools to catalog Supplemental Nutrition Assistance
Program (SNAP) households who reside in areas with limited access to healthy foods (food
deserts) and, ultimately, to describe the characteristics of these households. This would allow
FNS to identify food deserts as they relate to SNAP households and better understand SNAP
households’ ability to access SNAP certified retailers. This study recommends a plan for
implementing a pilot study of this food desert catalog (in one or two metropolitan areas) and
provides recommendations for expanding the pilot study to include a representative number of
States throughout the United States.

What is a food desert?

In general terms, a food desert is an area in which access to a variety of foods—
sometimes further specified as a variety of healthy and affordable foods—is limited, especially
for low-income households who lack transportation options. Food deserts may exist in rural
areas where low population density requires traveling a
significant distance to get to food retailers, or in urban
areas where food retailers—especially large grocery
stores or supermarkets—may not be nearby, and many
of the residents lack transportation options (e.g.,
private vehicles and public transit) that would enable
them to expand their choice of food sources.

How has the USDA identified food deserts in
the past?

To map these areas and depict them visually, USDA’s Economic Research Service (ERS)
developed the Food Desert Locator (www.ers.usda.gov/data/fooddesert/). The locator is a map
containing all census tracts in the United States. Census tracts are identified as food deserts if
they have a sufficient number of low-income residents (either a poverty rate of at least 20 percent
or a median family income no more than 80 percent of the area’s median) and those residents

Food Deserts – ”Areas in the United
States with limited access to
affordable and nutritious food,
particularly such an area composed
of predominantly lower income
neighborhoods and communities.”

– 2008 Farm Bill
(Public Law 110 – 234)
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have low levels of access to food stores (500 residents or 33 percent of the tract’s population live
more than 1 mile from a supermarket or large grocery in urban areas, or 10 miles from a
supermarket or large grocery in rural areas). Note: The Food Desert Locator includes only large
supermarkets and grocery stores since these retailers are most likely to have a variety of
affordable and nutritious foods.

The Food Desert Locator allows government and community-based social service
organizations and policymakers to 1) view food desert census tracts visually on a map and 2)
provide population characteristics of these tracts to better inform solutions to the problem of low
access to food sources. These characteristics include census tract information such as the
number (and percent) of people that have low access; the number (and percent) of low-income
people with low access; the number (and percent) of children with low access; the number (and
percent) of individuals age 65 and older with low access; and the number (and percent) of
housing units without a vehicle with low access.

Using the census tract as the geographical boundary of the food desert works well when
using aggregated data on a relatively large subset of the population, such as low-income
households, which are tabulated by the U.S. Census Bureau for geographic areas such as States,
counties, metropolitan areas, and census tracts. However, there are certain limitations with using
the census tract as the geographical boundary, such as loss of detailed information and less
precise distance measurements (for further discussion, see Section B).

How will FNS’s food desert catalog be unique?

While much research has been done on food deserts as they apply to the low-income
population, the unique feature of this study is its exclusive focus on SNAP households. FNS’s
food desert catalog will be used to identify the characteristics of SNAP households in food
deserts. There are several additional ways that this catalog will be unique. First, the intent of the
catalog will be slightly different than that of the ERS locator, as it will focus on identifying
SNAP households in food deserts (instead of identifying census tracts with ‘low access’).
Second, since FNS can obtain access to individual addresses of SNAP households, FNS can
utilize more exact methods of calculating the distance (or access) of households to food
retailers.1

Third, FNS can more accurately define the food deserts based on a variable geographic
area, rather than a predefined geographic area. To accomplish this, FNS can first identify the
geographic areas where SNAP households have access to SNAP retailers (for example, those
within a certain travel time to a SNAP retailer. This will then allow FNS to identify the
remaining areas with limited accessibility to SNAP retailers, and define them as food deserts.2

In short, by identifying locations where SNAP retailers are accessible, FNS can 1) map the food
deserts—the areas where they are not as accessible—and 2) identify SNAP households that are
within a food desert. As an example, a pilot effort to map the food deserts of SNAP households

1 Specific addresses permit more precise access calculations than using a population center point of a geographic area, as in the case with the ERS
Food Desert Locator.

2 Only SNAP retailers will be considered for the determination of a SNAP-related food desert, although it is possible that other non-SNAP
retailers may be located within this area.
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could use all of the SNAP-authorized retailer locations in the study area to generate a 15-minute
travel-time buffer for each, and then identify geographic areas (and SNAP households that reside
within these areas) that are not within any of the travel-time buffers. These geographic areas
would be defined as food deserts.

Fourth, by using SNAP administrative data, FNS can show more detailed information
about the food deserts. For example, a visual graph can illustrate the percentage of all SNAP
households in a food desert who lack access to a vehicle and must walk or use public transit to
shop for food. Should information on vehicle ownership be available—many States do collect
this information on SNAP applications—the data could be presented at a level that is highly
specific. For example, a household with a vehicle has a broader area of accessible food retailers
for shopping than a nearby household without access to a vehicle. The household without a
vehicle might reside in a food desert for all practical purposes, while a neighboring household
with a vehicle does not reside in a food desert.

Fifth, FNS can depict SNAP retailers that offer a wide variety of healthy and affordable
food choices, and illustrate the percentage of SNAP households that can access these stores.
This would further inform public policy and help communities offer essential services that make
food assistance more practically available.

How will FNS protect the privacy of SNAP household data?

If FNS were to utilize SNAP household location data, it would need to protect the privacy
of the SNAP households within the identified food deserts. Aggregation of data on the
characteristics of SNAP households living in food deserts is a straightforward way to share such
data with the public. Data could be aggregated by county, city, ZIP Code, or census tract.
Another aggregation unit could be for the boundaries of each particular food desert. In both
cases, we recommend including data suppression rules to handle cases where there are only a
small number of SNAP households in a particular area.

If FNS wants to illustrate the approximate spatial distribution of SNAP households within
each area, geomasking software tools can preserve the privacy of each of the SNAP household
addresses. The effect of these tools is to show a more
generalized location for each household that does not
significantly affect distance or travel time, thus
ensuring that the specific identity of a household
cannot be determined.3

In Chapter V, we describe a number of data
security solutions, focusing on those capable of
protecting the privacy of SNAP households. Using
geomasking, for example, the SNAP household
location data will be masked prior to being used. Use of masked locations preserves the
approximate distance/time buffer of access to a food retailer. Other features that might identify

3 A free software tool for geomasking in the ArcGIS environment is being developed by Paul Zandbergen at the University of New Mexico. It is
expected to be available by summer 2012 (P. Zandbergen, personal communication, January 2012).

Geomasking – Masking the specific
geographic locations of households
by translating them from their
original location to a nearby, more
generalized location, while
maintaining sufficient spatial
resolution for visualizing the spatial
distribution.
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specific SNAP households will be excluded, while important general information (e.g., range of
household size, presence of children, and vehicle ownership) will be retained.

A. GOALS AND RESEARCH QUESTIONS

The goal of this project is to describe a step-by-step method for cataloging a
representative sample of food deserts and the characteristics of SNAP households residing in
them. The research questions included the following:

 What sources of data are available on SNAP households? What are their key features?4

 What sources of data are available on SNAP retailers? What are their key features?
 What tools are available to link the relevant data sources and identify food deserts (with

or without GIS)? What are their key features?
 What are the advantages, limitations, and uncertainties involved with each alternative?
 What resources and procedures are needed to access and use these data and tools as

inputs for an ongoing catalog of food deserts for the SNAP program? How do they
compare in terms of format requirements, accuracy, level of detail, cost, and maintenance
effort?

B. FRAMEWORK

FNS and the study team identified the following four guiding assumptions and
considerations regarding the development of a food desert catalog.

1. Target Population. The target population will be all certified SNAP households. A
pilot study of the food desert catalog will need to obtain the lists of SNAP households
from State SNAP administrative files.

2. Food Sources. Food sources will include all SNAP authorized retailers from FNS’s
SNAP Retailer Locator (www.snapretailerlocator.com). FNS could potentially expand
the information available on these retailers if needed. For example, while the SNAP
retailer information does include type of food source (e.g., supermarket, large grocery,
small grocery, or convenience store), it does not provide information on the varieties of
food available for purchase. For its update on the Food Desert Locator, ERS is nearing
completion of a dataset of retailers that identifies those that are large (more than $2
million in sales) and sell a variety of foods in five categories, including fruits and
vegetables. This dataset draws on USDA data augmented by data from Nielsen TDLinx.
By using the ERS dataset, the study could differentiate between access to large retailers
(those that presumably have a variety of healthy and affordable foods) and those with
access only to other retailers (for example, small groceries, convenience stores, or
drugstores, which may stock a more limited variety of foods).

3. Defining a Food Desert. As previously indicated, FNS will not need to specify a
predefined geographic area or “container” (such as a census tract) as a food desert.
Instead, FNS can plan to define a food desert as an area that is not within a given

4 Features could be defined as file formats, variables, sources of data on paved roads, bike paths, etc.
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predetermined distance or travel time, also called a travel-time buffer, to a retail food
source. Specifically, by identifying the areas where food sources are accessible, we are
able to show the areas with limited accessibility to food sources—called food deserts.
There are many benefits to using variable geographic shapes and boundaries, as opposed
to the fixed geographic boundaries of a census tract. Aggregating all of the SNAP
household locations into a center of mass (such as the center of a census tract or
concentrations of a residential area with SNAP households) to the nearest retailer before
doing the distance calculations causes loss of considerable information. Furthermore,
using the center of a census tract could have unintended consequences such as increasing
the distance beyond what it actually is, especially if the tract encompasses nonresidential
areas. Alternatively, aggregation could be done after the distance calculations rather than
before (or sensitive data can be protected by using geomasking techniques).

4. Measuring Accessibility of Food Sources to Households. Distances around the SNAP
authorized retailer locations could be expressed in either linear units (feet, meters, miles,
etc.) or time (minutes, hours, etc.). Time-based distance could be calculated from linear
distance by including an assumed travel speed (either from measured average speeds or
from speed limits along street segments). For
analyses focused on interactions between
people and their environment, both expressions
of distance are often of interest. The distance
could vary depending on the mode of
transportation (walking, public transit, and
driving) and the travel-time buffer applied.
This measure of the distance or travel time
might also vary according to how urban the
area is to which they are applied. For example,
it makes sense to use only driving time in rural
areas and to apply a fairly broad time buffer
(30 minutes or more). In urban areas, one
might use multiple modes of transportation (driving, walking, and public transit) and use
a somewhat narrower time buffer (10-15 minutes).

C. OVERVIEW OF STUDY METHODS

The study tasks included four main phases:

1. Developing a set of working assumptions for the food desert catalog
2. Conducting an environmental scan of extant data sources (for identifying addresses and

characteristics of SNAP households and food stores and data on access routes)
3. Conducting an environmental scan of GIS options for geocoding (converting addresses to

geographical coordinates), distance calculations, and data linkage, and preparing a
detailed assessment of the advantages and limitations of identified data sources and GIS
options (both as stand-alone resources and used in combination with other resources)

4. Developing recommendations for moving forward

In 2009, ERS defined 3 levels of
accessibility (high, medium, and
low) for walking and driving. Low
accessibility is more than 1 mile for
walking and more than 20 miles for
driving. High accessibility is up to .5
miles for walking and 10 miles for
driving.).

– USDA Report to
Congress (2009)
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Below, we discuss our approach to accomplishing each of these components.

Phase 1. Based on initial discussions with FNS, the study team agreed upon a set of
working assumptions for the project, including an understanding of project needs and
requirements. Key assumptions established 1) an operational definition for food desert, 2) the
characteristics of SNAP households and food outlets to capture, and 3) the evaluation criteria for
assessing the data sources and GIS software.

Phase 2. Next, the study team performed an environmental scan of available data
sources that contained information on SNAP households and SNAP retailers. The team
compiled an inventory of relevant data sources and assessed the advantages and limitations of
each source. Once relevant sources were identified, the team determined what steps would be
needed to access the relevant data and to link different data sources together. The team also
assessed what data sources contain the information needed to describe the characteristics and
shopping patterns of SNAP households living in food deserts, and the characteristics of the food
stores that are available to those households. These results are detailed in Chapter III.

Phase 3. Similarly, the team conducted an environmental scan of GIS and other tools to
identify available mechanisms for geocoding, distance calculations, and data linkage and
evaluated their respective advantages and limitations both as independent tools and in
combination with other tools or data sources. These results are detailed in Chapter IV.

Phase 4. The team met several times to develop a step-by-step implementation plan and
recommendations for moving forward. These results are detailed in Chapters V and VI.

D. ORGANIZATION OF THIS REPORT

The following chapters both identify and assess the relative merits and limitations of
various data sources and GIS tools that could be used to catalog a representative sample of food
deserts and the characteristics of the SNAP households living there. Chapter II presents an
overview of the literature on food deserts. Chapter III describes the extant data sources on
SNAP households and SNAP retailers. Chapter IV provides recommendations on the GIS tools,
including a discussion of geocoding, distance calculations, geomasking, and data linkage.
Chapter V provides a step-by-step process for conducting a pilot study in one or more locations.
Chapter VI summarizes the recommendations for moving forward.



Feasibility of Using GIS to Catalog
A Representative Sample of Food Deserts

Page 7

CHAPTER II: LITERATURE ON FOOD DESERTS

Rapid advances in computing power, mapping software, and the availability of geocoded
data have led to a proliferation of recent studies on food deserts. These studies measure variation
in the accessibility of healthy, affordable foods across population groups using a variety of
measures and techniques. This chapter provides an overview of the food desert literature.
Section A describes several food-access studies undertaken by USDA and others. Section B
discusses the different components of food environment studies, including identifying residents
and food sources, definitions of geographic areas, and techniques for measuring distances.

A. EXAMPLES OF LARGE FOOD-ACCESS STUDIES

USDA and researchers have long been interested in measuring access to food. An early
effort could be found in Kaufman’s (1999) analysis of the availability of food stores to poor
households in rural counties of the Lower Mississippi Delta. At that time, limitations in
computing power dictated a research strategy that used the geographic centers of ZIP Codes to
represent the geographic location of all households within the ZIP Code.

In 2008, amidst a growing concern over a link between food deserts, poor diet, and
associated chronic illnesses, Congress mandated a study of food deserts and their consequences
through the Food, Conservation, and Energy Act of 2008 (the 2008 Farm Bill). In 2009, ERS
submitted a Report to Congress—which detailed USDA’s yearlong study of food deserts—
entitled “Access to Affordable and Nutritious Food: Measuring and Understanding Food Deserts
and Their Consequences.” The study examined the characteristics of areas that have limited
access to affordable and nutritious food, the extent of the problem nationwide, and the
consequences of limited access. The report also noted that many aspects of food deserts were
neither well defined nor understood (USDA, 2009).

In conducting this study, ERS drew on multiple sources of data. Information on food
retailers was taken from the list of stores authorized to accept SNAP benefits and a proprietary
list of food retailers developed by Nielsen TDLinx; only stores with more than $2 million in
annual sales were included in the study. Population data were drawn from the 2000 Census at
the block group level. These data were allocated aerially down to roughly 1-square-kilometer
grids across the United States, and the centerpoints of these cells were used as the starting point
to measure distance to the nearest food retailer. This study used walking distances to measure
food access in urban areas and driving distances in rural areas.5

To provide a more complete picture of the food environment in the United States, USDA
and the National Poverty Center at the University of Michigan supported six studies of smaller
areas that were able to incorporate a greater amount of detail. One of these projects was the
Brazos Valley Food Environment Project, which was conducted by researchers at the Texas

5 ERS is currently updating the Food Desert Locator. Data from the 2010 Decennial Census and the ACS will provide the demographic
information about the census tract. Information from USDA and Nielsen TDLinx will be combined to provide data on large food retailers,
including some information on the types of food sold. The geographic areas will still be defined as census tracts and divided into grids. While
the centerpoints of the grid cells will still be used as the starting point to measure distance to the nearest food retailer, distances measured would
be Euclidean (Euclidean distances to be discussed further in next section), not network-based, and the size of those cells will be reduced from 1
square to .5 square kilometers. This will result in more accurate distance estimates and more precise identification of food deserts than in the
previous version of the locator tool.
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A&M Health Science Center during 2006–2007 in six rural counties in central Texas. The
researchers used “ground-truthed” methods to collect data on food retailers in this area. First,
observers drove all highways and roads within the study area and recorded the geographic
coordinates of all food stores using a GPS receiver. Next, the researchers visited each store and
assessed the availability and selection of fresh, canned, frozen, and juiced fruits and vegetables.
Stores were categorized (for example, as a supermarket or convenience store) and assigned
ratings based on fruit and vegetable availability. Data about the population were drawn from the
2000 Census and aggregated at the block group level. The researchers measured proximity by
using Esri’s ArcGIS-based software Network Analyst to calculate the shortest network route
(e.g., a road-network route) from the center of the population-weighted census block group to the
nearest food store within the study area. Researchers also counted the total number of stores in
each category within certain distances. These data allowed the research team to estimate the
distances that people from different neighborhoods needed to travel for access to different types
of healthy foods (Sharkey & Horel, 2009) and how socioeconomic differences between
neighborhoods are correlated with travel time (Sharkey & Horel, 2008).

Studies of food environments in urban areas have different requirements, as city dwellers
are less likely to have access to a car. One in-depth urban study was conducted in Lansing, MI
by our study team consultant, Dr. Kirk Goldsberry, and researchers at Michigan State University.
The research team began with a list of food retail businesses (excluding restaurants) from Esri
(based on commercial data from InfoUSA). This list was supplemented with phone-book
listings, Internet searches, and on-the-ground surveys of the area. Each retailer on the list was
called or visited to confirm that they were still in operation and that they sold fresh produce.
Next, the research team visited each store and recorded each type of fresh produce item sold.
Researchers used hand-held GPS receivers to determine the exact location of the entrance to the
store. In the case of multiple entrances, the one closest to the produce section was used. To
date, two largely methodological papers based on the study findings have been published. One
compares standard classifications of retailers and their physical characteristics to the actual
availability of produce in the stores (Duvall, Howard, & Goldsberry, 2010). While there is some
support for classifying stores by North American Industry Classification System (NAICS) codes
or other characteristics, the authors warn of variation within categories and overlap between
categories. The authors of another article used different modes or techniques for assessing
access to food and explored different mapping options (particularly color and color gradations)
to depict different measures or levels of access (Goldsberry, Duvall, Howard, & Stevens, 2010).
An example of Goldsberry’s work on nutritional terrain mapping is available online.6

6 Some nutritional terrain maps are included in Chapter VI. Further examples, available at http://www.geo.msu.edu/food/media/atlas/atlas.htm,
are best viewed using Mozilla Firefox or Google Chrome browsers.
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B. COMPONENTS OF FOOD-ACCESS STUDIES

1. Identifying Residents

Most studies of the food environment have incorporated only limited information on
residents within the geographic area, largely because of the limitations of existing data.
Researchers almost exclusively use the Decennial Census information to determine the social
and demographic characteristics of the area residents under study (Bader, Purciel, Yousefzadeh,
& Neckerman, 2010; McEntee & Agyeman, 2010; Raja, Ma, & Yadav, 2008; Sharkey & Horel,
2008; Sparks, Bania, & Leete, 2009). Studies with a focus outside the scope of census data may
draw on additional sources of data, but often at the risk of losing geographical specificity. For
example, Schafft, Jensen, and Hinrichs (2009) incorporated information on schoolchildren from
the Pennsylvania Department of Health and the National Center for Education Statistics, but, as a
result, were only able to identify food deserts at the ZIP Code level. Other studies used
geocoded survey data with extensive information on individual respondents, but focus on the
relationship between certain features of the food environment and individual outcomes, rather
than describing the food environment itself. For example, Boone-Heinonen et al. (2011) used
survey data to examine the relationship between the distance survey respondents lived from food
retailers and respondents’ health.

2. Identifying Sources of Food

Identifying food deserts depends on pinpointing food retailers or sources of affordable,
nutritious foods. Researchers typically draw upon lists of food retailers from a variety of
sources. Private lists, such as those published by Dun & Bradstreet, InfoUSA, and Nielsen
TDLinx, are popular sources (Bader et al., 2010; Boone-Heinonen et al., 2011; Duvall et al.,
2010; Forsyth, Lytle, & Van Riper, 2010; Goldsberry et al., 2010; McEntee & Agyeman, 2010;
Sparks et al., 2009). These three lists are compared later in Chapter IV, Section C of this report.
Other researchers use government data, such as the list of retailers authorized to accept SNAP
benefits (Andrews, Kantor, Lino, & Ripplinger, 2001; Hosler & Dharssi, 2010), State retail
inspection lists (Block, Scribner, & DeSalvo, 2004; Hosler & Dharssi, 2010), State or Federal
taxation data (Forsyth et al., 2010), and State licensing lists (Glanz, Sallis, Saelens, & Frank,
2007; Hosler & Dharssi, 2010; Morland & Filomena, 2007). Researchers often supplement data
from various lists by searching phone books and the Internet (Block et al., 2004; Duvall et al.,
2010; Forsyth et al., 2010; Glanz et al., 2007; Goldsberry et al., 2010), or by making in-person
visits to listed retailers (Duvall et al., 2010; Glanz et al., 2007; Goldsberry et al., 2010). Using a
combination of data sources is more likely to provide a complete and accurate list of food
retailers (Hosler & Dharssi, 2010).

Once retailers have been identified, they are typically categorized based on a number of
characteristics. Researchers may use Standard Industrial Classification (SIC) codes (Bader et al.,
2010, Sparks et al., 2009), annual sales (Bader et al., 2010; Duvall et al., 2010), number of
employees (Bader et al., 2010; Duvall et al., 2010; Raja et al., 2008; Schafft et al., 2009), square
footage (Duvall et al., 2010; McEntee & Agyeman, 2010), or number of cash registers (Glanz et
al., 2007) as ways to categorize retailers. Analyses are generally restricted to certain types of
retailers. Large-scale studies typically limit analyses to supermarkets and grocery stores. Others
may include convenience stores, farmers’ markets (Bader et al., 2010; Larsen & Gilliland, 2009),
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restaurants (Block et al., 2004; Boone-Heinonen et al., 2011), and specialty food stores (Duvall
et al., 2010; Morland & Filomena, 2007; Sharkey & Horel, 2008; Zenk et al., 2006).

In many studies of food access, researchers also assess the quality and nutritional value of
the food available at those retailers. Some researchers have done this by assessing the
availability of certain fresh produce items or other healthy foods (Duvall et al., 2010; Goldsberry
et al., 2010; Morland & Filomena, 2007). Others have used standard guidelines, such as USDA
guidelines for quality (Zenk et al., 2006) or the availability of healthier alternatives to the USDA
Thrifty Food Plan basket items (Jetter & Cassady, 2006). Glanz et al. (2007) developed an
individual measure of food availability and quality, called the Nutrition Environment Measures
Survey in Stores (NEMS-S). ERS’s Food Desert Locator uses supermarkets and large groceries
as a proxy for retailers likely to sell a variety of nutritious and affordable foods.

Affordability is another key component of access to food. Researchers use several
strategies for assessing affordability: comparing prices of commonly purchased fruits and
vegetables (Dunn, Sharkey, Lotade-Manje, Bouhlal, & Nayga, 2011; Zenk et al., 2006),
calculating the cost of the foods in government agency food plans (Andrews et al., 2001; Larsen
& Gilliland, 2009), or using the NEMS-S (Glanz et al., 2007). Many studies have found that
prices are not consistent from one store to another, even within the same category of retailer
(Dunn et al., 2011; Glanz et al., 2007; Jetter & Cassady, 2006; Morland & Filomena, 2007; Zenk
et al., 2006).

3. Defining the Geographic Area

As discussed in Chapter I, most studies also use census geographical designations to
identify specific areas as food deserts because they rely on aggregated census data for
characteristics of the residents of a given geographical area. Currently, census tracts (Bader et
al., 2010; McEntee & Agyeman, 2010; Sparks et al., 2009) or census block groups (USDA,
2009; Raja et al., 2008; Sharkey & Horel, 2008) are standard areas for analysis.

Studies that do not rely upon census data are less geographically constrained. Goldsberry
and co-authors (2010) did not use predefined geographical areas, but instead defined areas with
good access to healthy food strictly based on estimated travel times on the road network. Given
a food retailer as a starting point, they identified all locations within a specified travel time or
distance (e.g., a 5-minute drive or a half-mile walk).

4. Measuring Distance

The vast majority of food desert studies use either Euclidean distances or network
distances (defined below) to measure the distance between two points. However, distances could
be calculated in a number of ways, as described below.

 Euclidean Distance. This is the straight-line distance between two points on a plane
(also known as the “as the crow flies” measure of distance). This distance does not factor
in the curvature of the earth. While it is not particularly accurate in analysis of people
moving about their environments (as people rarely move in a straight line), it is the
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 Manhattan Distance. Manhattan distances are calculated by following a square grid and
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distance along a real street network. For urban areas with regular rectangular street
configurations like Manhattan, this could be a reasonable approximation. This technique
is not frequently used in food desert research. Manhattan distance can be calculated as
(x1 – x2) + (y1 – y2). For a comparison of Manhattan distance versus Euclidean distance,
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prohibited, and can factor in road closures and traffic flow. When using the street
network, a measure of time can be
can vary. A series of distance measures along multiple network paths could be combined
to generate a “drive-time buffer.”
underlying distance-calculat
offer this type of distance calculation in their Web
computing capabilities expand and data on street networks become more readily
available, this method of measuring di
food environment (Bader et al., 2010; Goldsberry et al., 2010; McEntee & Agyeman,
2010; Sharkey & Horel, 2008; Sparks et al., 2009). Esri’s Community Analyst and
Network Analyst are both able to calculate ne

Feasibility of Using GIS to Catalog
A Representative Sample of Food Deserts

simplest distance to calculate. It is calculated as
the ease of use, this technique is frequently employed in studies of the food environment

Heinonen et al., 2011; Giang, Karpyn, Hillier, & Perry, 2008; Kaufman, 1999;

Manhattan distances are calculated by following a square grid and
degree turns. Manhattan distances are often used to approximate the

distance along a real street network. For urban areas with regular rectangular street
configurations like Manhattan, this could be a reasonable approximation. This technique
s not frequently used in food desert research. Manhattan distance can be calculated as

). For a comparison of Manhattan distance versus Euclidean distance,
see Figure II.1 below. In Manhattan distances, the red, blue, and yellow lines all have the
same length (12) between the two points. In Euclidean geometry, the green line is the

Figure II.1
Manhattan and Euclidean Distances*

* Manhattan distances are indicated in red, blue, and yellow; Euclidean distances are indicated in green.

Network distance is similar to Manhattan distance, but can be built
upon true models of the street network, networks of sidewalks and bike/pedestrian paths
for walking, and networks of transit routes for travel by transit. This distance calculation
can include travel limitations imposed by one-way streets and streets where left turns are
prohibited, and can factor in road closures and traffic flow. When using the street
network, a measure of time can be used in place of distance, and is preferred when speeds
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time buffer.” These also use street network distances as the

calculation method. Online search engines Google, Yahoo, and Bing
offer this type of distance calculation in their Web-based mapping features. As
computing capabilities expand and data on street networks become more readily
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 Transit Distance. Transit distance is similar to network distance but is based on public
transit routes. Most distances are estimated using a public transit authority’s timetables
instead of actual travel time. Transit is infrequently included in current studies of food
environments, but Bader et al. (2010) included some data on food access by public
transit. Both Google and Bing offer transit distances as an option in their Web-based
mapping features.

 Walking and Biking Distances. Walking and biking distances model distance along
road network routes where pedestrians and bicycles can travel. Interstates, for example,
are excluded when calculating for walking and biking distances, and one-way streets are
included for walking distances. Both Google and Bing offer these distances as options in
their Web-based mapping features.

 Great-Circle Distance. This is the shortest distance between two points following the
curvature of the earth. Differences between great-circle distance and Euclidean distances
are most pronounced over long distances. For example, in the United States,
measurements of distance in Alaska tend to be much more accurate using great-circle
distances than Euclidian distances. This technique is not frequently used in food desert
research.

 Cost-Based Distance. Calculating the distance using a cost function allows an analysis
to introduce travel factors that are not related to distance or availability. For example, the
psychological “cost” of traveling through an unsafe neighborhood could make the cost-
based distance to a destination farther away (Bader et al., 2010).

Researchers must then determine what distances are considered “accessible;” these cutoff
points tend to vary based on whether the area is urban or rural. Typically, urban food desert
studies use walking distances and rural studies use driving distances. For example, the 2009
report by ERS used walking distances in urban areas. A walking distance of less than half a mile
was defined as high access, half a mile to 1 mile was defined as medium access, and more than 1
mile was defined as low access. Driving distances were used in rural areas. A distance of less
than 10 miles was defined as high access, 10-20 miles was defined as medium access, and more
than 20 miles was defined as low access. Because of the large scope of the ERS food locator,
Euclidean distances were used.

Goldsberry and colleagues (2010) have criticized food environment studies that set an
artificial limit, such as half a mile, and declare anything on one side of the boundary accessible
while everything on the other side of the boundary is inaccessible. They have developed a
weighted method that creates gradations of accessibility that can be depicted on maps. This
more nuanced approach provides much greater detail. Rather than depicting well-defined
boundaries around areas defined as food deserts, these maps use color to contrast areas with high
levels of access to those with less access to food retailers. With appropriate use of color and
gradation, the resulting maps can present these complex data clearly (an example is presented in
Chapter VI).
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CHAPTER III: DATA SOURCES

This chapter identifies and evaluates various residential and retailer data sources that
could potentially be used as inputs for identifying a representative sample of food deserts. Two
key research questions are addressed:

1. What sources of data are available on SNAP households? What are their key features?
2. What sources of data are available on SNAP retailers? What are their key features?

These data sources contain the information needed to describe the locations and
household characteristics of SNAP households (Section A), the shopping patterns of SNAP
households (Section B), and the locations and characteristics of the food stores that are available
to those households (Section C).

A. SNAP HOUSEHOLD DATA

FNS’s objective for this feasibility study is to focus on the access of SNAP households to
SNAP-authorized retailers, as well as the characteristics of these individuals and their
households. We recommend obtaining this information from State SNAP administrative records,
as explained below. At the end of FY 2011, FNS reports that SNAP households totaled nearly
45 million individuals7 in about 21 million households. At any point in time, States records
contain the latest data.

The team began by reviewing the data most frequently available from SNAP
applications. State administrative SNAP records provide not only a listing of these assistance
units, but also a rich source of information about the characteristics of the households; therefore,
we recommend obtaining State SNAP administrative records on current SNAP households to
identify household addresses and data. Other sources, such as national surveys, tend to have
poor coverage of SNAP households and are mostly used for aggregating the characteristics of the
SNAP population over a larger geographic area, such as a State. Even if exact addresses of
national survey respondents could be obtained, the sample would not be sufficient to depict
where the SNAP households live in relation to food deserts.

Although each State has some different SNAP variables, there is a common set of
variables required for SNAP eligibility determination. Table III.1 below lists of the data items
that could be obtained from existing SNAP administrative data sources and the priority of the
item in development of the initial food desert catalog.

7 The SNAP population has expanded rapidly in recent years with the economic recession; the 44.7 million SNAP participants at the end of FY
2011 represent a nearly 70-percent increase over the number for FY 2007. In FY 2009, SNAP participation rose nearly 19 percent from the
previous year, and in FY 2010, it rose more than 20 percent; the rate of increase declined to about 11 percent in FY 2011. Retrieved 12.9.11 from
http://www.fns.usda.gov/pd/15SNAPpartPP.htm.
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Table III.1
SNAP Household Data Items

SNAP Administrative Data Item Priority

1. Home address Required item

2. Latitude/longitude Required

3. Household size High

4. HH composition (HH with children, HH with elderly,
HH with disabled) and characteristics of the
householder(age, gender, marital status, and
race/ethnicity)

High

5. HH income High

6. Automobile ownership (some States) High

7. SNAP benefit amount (and percent of HH maximum) High

8. HH assets Medium

9. HH medical expenses Medium

10. Education of householder(s) Medium

11. HH shelter costs (rent, mortgage, utilities) Medium

12. Employment status of householder(s) Medium
Source: State administrative records
HH = Household

Supplemental Data Sources. Next, the team considered three other data sources that
could be reviewed for related or supplemental information about the residential areas, such as
neighborhood or community characteristics. From these data, we could derive other information
such as urbanicity (urban, suburban, and rural) and location (latitude and longitude, for use in
geocoding). These three data sources include the American Community Survey (ACS), which
could provide information on neighborhood or community characteristics within specified
geographic areas, the Survey of Income and Program Participation (SIPP), which provides
detailed estimates of participation in transfer programs, and the SNAP Quality Control (QC)
data.

The ACS is the decennial census long form converted to a continuous survey of
approximately 3 million addresses per year, resulting in nearly 2 million final interviews. The
ACS is a mail survey, with telephone and in-person follow-up interviews of nonrespondents,
resulting in response rates of about 90 percent. Each annual survey could support precise
estimates for all communities of population 60,000 or greater. By combining 3 years of data,
this threshold could be reduced substantially, and with 5 years of data, the ACS yields estimates
down to the census block group level.

SIPP consists of a representative sample of households interviewed once every 4 months
to collect detailed, monthly data on the intervening months regarding income and program
participation. SIPP panels currently run for 3 to 4 years with no overlap and have initial sample
sizes of about 40,000 households. Since the SIPP provides reliable estimates only at the national
level, it is not useful in the study of small areas.

The SNAP QC sample is selected at the State level and is designed to determine the
validity of SNAP eligibility processing and calculate the error rate in each State. The sample of
55,000 households conducted throughout the year provides national estimates of the
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characteristics of SNAP households and error rates at the State and national levels. However,
FNS has decided to exclude this data source, as the SNAP QC data do not contain SNAP
household addresses, cannot provide local estimates, and thus is not recommended for defining
food deserts. Table III.2 presents an overview of these three data sources and the
advantages/disadvantages of each.

Table III.2
Comparison of Target Population Data Sources

Dimension SNAP QC Data SIPP ACS

Sponsoring Agency State agencies U.S. Census Bureau U.S. Census Bureau

Primary Purpose To verify eligibility
for SNAP

Designed to
accommodate policy
analysis

Detailed profile of
household
characteristics

Target Population SNAP households U.S. population U.S. population

Record Unit Household Household Household

Sample Characteristics National and State
representation

Longitudinal panel
over 3-4 years

Annual survey

Size of Population/Sample 50,000 (sample) 40,000 per panel 3 million

Geographical Unit States, with local
data available

National National, but large
enough for
estimates at
community level

Mode of Data Collection Follow-up eligibility
interview

Interviews with all
household members
older than age 15

Mail survey with
telephone follow-up

Data Elements Included All data elements on
SNAP application

Income and
program
participation details

Large range of data

Data Collection Timing/Interval Periodic Every 4 months Annual

Availability From States From U.S. Census
Bureau

From U.S. Census
Bureau

Major Strengths Mirrors SNAP Designed for policy
analysis

Comprehensive
data; sample
representative at
local level

Potential Limitations Sample is not
representative at
local (county, city,
etc.) level

Sample is not
representative at
local level;
underreporting of
SNAP participation

Data are primarily
self-reported;
underreporting of
SNAP participation

B. SNAP EBT DATA

Another possibility, perhaps beyond the initial phase of the pilot study but appropriate for
future exploration, is to combine data on food retailers with SNAP redemption data from
electronic benefit transaction (EBT) purchases to examine the shopping patterns of SNAP
households (e.g., where they use the majority of their SNAP benefits, and the frequency of
shopping at different types of SNAP retailers). Low-income households shop where food prices
are lower, when they can (USDA, 2009). Using these data, we can relate the shopping patterns
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of SNAP households to the geography of where they live. Note: Although FNS has attempted to
do this, it was a very difficult and labor-intensive task.

SNAP administrative data could be linked to SNAP household EBT redemption patterns
from the Anti-Fraud Locator Using EBT Retailer Transactions (ALERT) system. This permits
FNS to look at not only what the ERS 2009 Report to Congress refers to as “potential” access—
where people could shop—but also “realized” access, where SNAP households actually do spend
most of their SNAP benefits. ALERT includes a household identifier, retail store identifier, and
all EBT transactions by amount. This would allow:

 Examination of the shopping patterns of SNAP households by store type, (e.g., whether it
is occasional shopping at large grocery stores or supermarkets and/or small purchases
made on a more frequent basis at other types of retailers).

 Identification of the retailers where SNAP households shop most often and spend the
largest amount on their purchases.

 Observation of transit-related behavioral patterns, such as whether shoppers who do not
have vehicles occasionally shop at larger or smaller retailers than they normally do.

While ALERT does not include the food retailer type, we can obtain the retailer type
through a match of retailer IDs with the Store Tracking and Redemption Subsystem (STARS)
database or commercial sources. FNS maintains the STARS database, which contains general
information on all SNAP-authorized retailers.

Table III.3 below illustrates some of the data items that can be obtained from existing
SNAP EBT data. None of these data items is a high-priority item; however, they are worth
including as a data layer in a comprehensive food desert catalog. These items could be used, for
example, to analyze shopping patterns by type of retailer, distance traveled, and proportion of
SNAP monthly benefits used by retailer characteristics.

Table III.3
SNAP EBT Data Items

ALERT (EBT Redemption) Data Item

1. Store code

2. Store type

3. EBT transaction amount

4. Purchase date

5. Store location
Source: ALERT system (EBT data)

C. COMMERCIAL FOOD SOURCE DATA

FNS’s objective for this feasibility study is to focus specifically on SNAP-authorized
retailers. STARS includes variables such as store identifier, name, address, telephone, business
type, number of registers, average gross monthly sales, and monthly SNAP redemptions.

In STARS, FNS classifies business type into 15 categories, which are most commonly
grouped together in 6 larger categories for reporting purposes: supermarkets/supercenters,
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large/medium grocery, small grocery, convenience, specialty food, and other types. The latter
two categories include multiple subtypes. FNS’s SNAP Retailer Locator allows individuals to
locate and map a retailer near them that welcomes SNAP EBT customers.

Basic SNAP retailer data can be obtained from the STARS database. Lists of SNAP
retailers can also be readily obtained from the SNAP Retailer Locator, which presents data
collected through FNS’ STARS database. By linking these data with SNAP household locations,
the distance or travel time from SNAP households to SNAP-authorized retailers could be
determined.

Table III.4 shows the data fields that are available from STARS.

Table III.4
STARS Retailer Data Items

STARS Data Item

1. Store identifier

2. Business name

3. Location (address and telephone)

4. Type of retailer

5. Number of registers

6. Average gross monthly sales

7. Monthly SNAP redemptions

We recommend that FNS consider categorizing retailers by the availability of healthy and
affordable foods, especially those most likely to carry fresh produce at relatively affordable
prices. For its planned update of the Food Desert Locator, ERS is developing a dataset of
retailers that identifies those that are large (more than $2 million in sales) and sell a variety of
foods in each of five categories, by combining USDA data with commercial data from Nielsen
TDLinx. This subset of retailers—presumed likely to offer a variety of healthy foods— is about
20 percent of all SNAP retailers.

Commercial Vendor Sources. Several commercial vendors offer data products with
additional information on retailers of various business types, including NAICS8 or SIC code,
types of food available, annual sales volume, number of employees, and square footage. These
data sources could be used to augment or provide additional detail for the same retailers listed in
the STARS system. Table III.5 below provides some of the data items that could be obtained
from the commercial sources and the relative priority of each in terms of usefulness for the
feasibility study.

8 North American Industry Classification System
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Table III.5
Supplemental Retailer Data Items

Data Item Priority

1. Location (address) Required

2. Type of retailer Required

3. Latitude/longitude Required

4. Business name (parent company and franchise) High

5. NAICS or SIC code Medium

6. Types of food available Medium

7. Affordability/expense of food Medium

8. Business size indicators (e.g., annual sales
volume, number of employees, square footage)

Medium

9. Types of food available Medium

10. Urbanicity (metro area) Medium

11. Phone number and Web site address Low

The study team considered three such commercial vendors: Nielsen TDLinx, InfoUSA,
and Dun & Bradstreet. Since ERS has already established access to Nielsen TDLinx for food
retailer information, it may be the most desirable of the alternatives, as data use agreements may
be in place that could be shared with FNS or, if that is not feasible, built upon. All vendors offer
similar kinds of data, although they vary slightly in specific fields and the number of retailers
covered in their databases. Since USDA does not currently have an agreement with InfoUSA or
Dun & Bradstreet, we requested information about food retailer data available from these
vendors by selecting businesses with particular primary NAICS codes. Prices from these
vendors are highly negotiable based on existing relationships, intended use of the information
(e.g., research, government use, or commercial use), and other factors. Each vendor requires that
the final intended use for the data be described before purchase. Prices vary by NAICS codes
and specific data elements selected. Below are brief descriptions of each vendor.

 Nielsen TDLinx. TDLinx provides detailed coverage for stores by retail trade channels
and NAICS codes. The database includes more than 725,000 stores/outlets. TDLinx
market data facilitate analyses by geographic indicators. Data fields include retailer
name, owner, address, geocode (geographic coordinates), telephone number, number of
checkouts, sales (weekly and annual), and store size.

 InfoUSA. InfoUSA covers more than 1 million food retailers whose primary NAICS
codes matched our criteria. They supply the following basic data fields: business name,
address, contact name, type of business, latitude, and longitude. For additional cost,
InfoUSA also offers phone number, metro area, carrier route, Web site address, employee
size, sales volume, credit rating score, office size, square footage, whether or not the
business is public or private, and franchise information. InfoUSA can provide the data
using many different file types.

 Dun & Bradstreet. Dun & Bradstreet’s database identified approximately 1.4 million
records using the primary NAICS codes for food retailers. Available data include
business name, NAICS code, latitude, and longitude, and many other fields at additional
cost.
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Accuracy and completeness of these three databases are difficult to assess on a nationwide basis.
The literature contains several studies (e.g., Liese et al., 2010; Hosler & Dharssi, 2010)
comparing the accuracy and completeness of data or administrative lists provided by all three
companies against a complete inventory of food sources collected in a particular geographic area.
It is not clear how well the results of these studies generalize to the entire country. Presumably,
ERS performed a comparison of commercial data sources before selecting Nielsen TDLinx. We
found no reason in our scan to suggest that either of the alternative sources offers any significant
advantages, although they could serve as supplemental sources.
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CHAPTER IV: GIS TOOLS

This chapter explores the utility of various GIS options and other tools for linking data
sources and mapping food deserts. Two key research questions are addressed:

1. What tools are available to link the relevant data sources and identify food deserts (with
or without GIS)? What are their key features?

2. What are the advantages, limitations, and uncertainties involved with each tool?

FNS’s goal for the food desert catalog is to integrate it into Esri’s ArcGIS-based
Community Analyst package. USDA plans to implement Community Analyst internally in the
near future and to train agency staff to become knowledgeable in its use and features. As a
result, our focus was on GIS tools that could be used with ArcGIS software (at the desktop,
server, or Web level as appropriate) to examine the utility of various GIS tools for linking data
sources and mapping food deserts. Community Analyst is an easy-to-use, Web-based framework
that allows users to provide GIS mapping solutions. Community Analyst could be used to make
mapping solutions available for use that were originally developed in ArcGIS, a powerful system
for GIS solutions based on in-depth analysis of data. FNS’s intent for the Community Analyst
system is to be able to view State profiles, along with other data (e.g., census data) for policy
development and planning purposes.

The study team began with an investigation of the Community Analyst package planned
for implementation within USDA. We identified the features of Community Analyst as currently
configured and considered additional features that may be added to these features or other tools
that may provide additional features. The package currently contains different data layers, such
as census data on labor and unemployment. The first eight data layers provide aggregate data at
the State level;9 the Food Distribution Program on Indian Reservations (FDPIR) data layer is at
the individual address level. These layers are illustrated in Table IV.1 below.

9 Layers 1 and 2 are food security data layers.
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Table IV.1
Community Analyst Data Layers

Data Layer

1. Food Security Households 2005–2009

2. Food Security Households with Children 2001–2007

3. SNAP Participation (includes eligibles, rate, and number of participants) 2007–2011

4. 2002–2007 SNAP Elderly Participation (includes eligibles, rate, number of participants, and average
benefit)

5. 2010 SNAP Characteristics (includes number of households, number of participants, average benefit,
and household composition)

6. 2010 SNAP State Options Report

7. 2006–2010 SNAP Error Rates (includes overpayments, underpayments, combined payment error
rate, and negative error rate)

8. 2007–2011 Dollars Spent on SNAP Outreach Activities (includes Federal and non-Federal funds)

9. Food Distribution Program on Indian Reservations (FDPIR) Warehouse Locations (includes main
warehouse and satellite offices).

FNS’s intent for the Community Analyst system is to be able to view State profiles and
use the data for planning purposes. The current plan is for only FNS staff to be able to see FNS-
specific data layers. FNS has so far identified nine such data layers/datasets. FNS intends to
allow State agencies and the public to have only limited access to its version of Community
Analyst; only a portion of the functionality and a subset of the datasets would be accessible
outside of FNS.

Below, we focus on the use (or the adaptation) of Community Analyst for each of the
tasks involved in the development of a SNAP food desert catalog. However, alternative
technologies are presented that may be used in conjunction with or replacement of Community
Analyst for a specific task. Section A describes the tools used for GIS Web-based services;
Section B describes the tools used for geocoding; Section C describes the tools for distance
calculation; Section D illustrates the tools for geovisualization; and Section E describes the
methods and tools for ensuring the confidentiality and privacy of SNAP respondents. Each
section includes a discussion of advantages and disadvantages of various tools. Section F
provides recommendations for moving forward.

A. GIS WEB-BASED SERVICES

At this stage, we have suggested that the food desert catalog consist of a Web-based
interactive system for use by FNS and on a limited-access basis by State agencies and the public.
This requires the architecture to provide remote access to necessary data sources and tools,
including map-based visualizations. Web-based GIS services could be used for direct access to
data sources, to disseminate program data to others, and to access or provide geospatial services
such as geocoding. For a SNAP food desert catalog, possible input data such as food store
locations, transit routes and schedules, and neighborhood characteristics could be accessed via
Web-based GIS services linked to providers of the data. Likewise, FNS food desert catalog
information could be disseminated via GIS services so that the data could easily be integrated
into existing Web-based data analysis and display applications such as Google Earth. GIS
application services could be used to allow users to query the catalog for aggregate information
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about SNAP households and food deserts without exposing the actual locations of SNAP
households.

There are two main methods in use for GIS services: Simple Object Access Protocol
(SOAP) and Representational State Transfer (REST). Both are used to describe Web services;
REST has a much broader and more flexible description. SOAP is a strict set of standards for
the communication between computers using XML, while REST is a term used to describe the
more modern trend of the “client-server relationship” common on the Web. This section
describes and compares these two methods.

SOAP refers to a specific technology developed by Microsoft and IBM in the early 1990s
for the creation of Web services. This occurred before the full maturation of Web browsers and
technology like JavaScript had shaped the Web into what it is today. Because of this, SOAP
does not take full advantage of browser capability (storing cookies, caching, etc.). SOAP is
restricted to the paradigm of simple data exchange and processing; while this could occur over
hypertext transfer protocol, or HTTP, the main protocol for communication over the Internet,
SOAP is not designed with the utilities to provide the user with a modern Web experience the
way REST services can. SOAP is still used for things like retrieving and supplying secure
information in institutions such as banks.

REST does not refer to any one specific technology, but rather is an umbrella term to
describe the trend in Web architecture, which began to develop in the 2000s with the
popularization of AJAX (Asynchronous JavaScript and XML) and faster, more powerful Internet
browsers. REST services are based on the “client-server model,” where a client (usually a Web
browser) sends requests to a remote server. The server is supplied parameters in the request and
responds accordingly, returning data as plain text. As an example involving Web-based mapping
programming interfaces, a client program could detect the movement of the map’s data frame
and then pass the new bounds as parameters to a server. The server would then return the
appropriate geographic data back to the client, where it would be rendered in the browser. Most
mapping services on the Web today are REST services and many forms of clients/browsers are
supported.

GIS technology is seeing increasing use of REST services. This could be seen in Esri’s
large collection of REST services available in ArcGIS Online and ArcGIS Explorer as well as in
Open Source projects like GeoServer or MapServer, which all implement an XML structure to
present geographic data in standard formats. We have also seen a parallel rise of client-side
Web-based mapping programming interfaces, which could leverage these services and present
them to the user.

REST is clearly the preferred mechanism for Web-based services at this time, as there is
a large set of tools to develop REST-based services. Table IV.2 illustrates a cross-comparison of
these two technologies.
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Table IV.2
Comparison of Web-Based Services

Tool Source Type Major Strengths Possible Limitations

SOAP Microsoft, IBM Simple data
exchange

Mature, simple Limited
functionality

REST Various Client/Server Rich set of features,
active development
and support

None

B. GEOCODING

Geocoding is the process of converting nonspatial locational data into their corresponding
spatial representation. Typically, this involves converting postal address data into geographic
coordinates (latitude and longitude). Geocoding is often the first step in a spatial analysis
because all the data must be spatially referenced to perform the analysis. For the food desert
catalog, a geocoding tool needs to generate geographic coordinates from SNAP household
addresses.10 It might also be needed for the addresses of SNAP retailers, as some food source
data already have geographic coordinates, while others
do. Note: Currently, FNS has an existing contract to
support geocoding for the SNAP Retailer Locator.
Depending on the amount of geocoding needed, it may
be possible to add this task to the existing contract.
The contract is subscription based through Esri’s
geocoding services.

Geocoding generally falls into one of two paradigms: on-the-fly or as a data exchange.
An on-the-fly service allows a user to find a location very quickly. For example, a user-supplied
address could instantly be mapped and included in an online mapping application. Some on-the-
fly services could be embedded in a mapping application and invoked as needed by an online
application. Depending on the total number of addresses to be geocoded, these services are
potentially free for noncommercial users.

A dedicated data exchange offers more robust geocoding options and is usually used to
geocode large datasets. Using this paradigm, a user either buys geocoding software and
reference data or hires a company to do the address matching. The result is usually a spatial
dataset or other file that could be read into a GIS tool.

In either paradigm, one important consideration is the source of the street reference layer
or base map. The base map is the data layer that contains the reference file for all the street
addresses. The street reference file stores the street name, address range, ZIP Code and
coordinates for each street segment end point. The software interpolates a coordinate based on
matching a candidate address against all potential reference addresses. For example, imagine a
city street named Main Street. At one end of the street, the addresses start with 100 and they end
at 199 at the far end of the block. The software interpolates 150 Main Street as halfway between
the end points. Some software offers the option of placing addresses on the centerline or either

10 Addresses in post office box or rural delivery route format would likely be recoded to the ZIP Code geographic center.

Geocoding – The process of
converting nonspatial locations
(e.g., addresses) into geographic
coordinates.
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side of the street. Note: Streets and addresses are added, deleted, or changed frequently in
street reference data and it is important to know the timeliness and spatial accuracy of the data.

TIGER/Line files, created by the U.S. Census Bureau, are a freely available reference
layer containing, in theory, all the streets in the United States. Commercial databases are also
available from vendors such as Tele Atlas and NAVTEQ. These commercial databases are
usually more complete and more accurate than the TIGER/Line files.

Regardless of the completeness of the street reference data, not all of the addresses will
be able to be successfully geocoded. Some addresses may be missing altogether. Others might
be missing key parts of the address. Typically, between 80 percent and 90 percent of most
addresses in standardized files can be geocoded: this percentage is referred to as the match rate.
Match rates are generally higher for urban areas than rural areas and depend on the general data
quality of the address information. Some of the unmatched addresses might be geocoded by
reviewing suggested possible matches and performing various Internet searches to find other
alternatives. This process is referred to as manual geocoding.

Another important consideration in selecting these tools is the information returned about
the accuracy of each of the geocoded points. Typically, the accuracy is reported as the level at
which a match was completed (street address level, ZIP Code level, city level) with street
addresses being the most accurate. After the file has been geocoded, users can decide whether to
use geocoding results with less than street-address-level accuracy. A common example of a less-
than-full match will occur with a post office box (P.O. Box) address where actual street address
location is missing. Most geocoding programs will generate a latitude and longitude for such an
address using the geographic center of either the ZIP Code or the city. Most on-the-fly services
do not report geocoding accuracy, whereas most data exchange geocoders do provide this
information. For mapping food deserts, a geocoding match based only on ZIP Code is not
accurate enough for inclusion, except when no further detail is available (as with an address with
a P.O. Box or rural delivery route).

We should note here that the locations generated by geocoding are only approximations
of the true location. Even with a street-address-level match, the true location can differ from the
geocoded location due to factors such as irregular street numbering and inaccurate street
reference data. Studies that compare geocoded locations with true locations have found that the
difference is usually within 50-100 meters in urban areas but can be as much as a kilometer or
more in rural areas (Abe & Stinchcomb, 2008).

Finally, it is important to consider security of personal identifiable information in the
geocoding process. Addresses of people’s homes are generally considered identifiable
information and need to be protected. Geocoding services vary in terms of the protection
afforded to input addresses. Most commercial services offer secure data exchange arrangements
by transferring encrypted and password protected files across a secure data link; most free
geocoding services do not.
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1. Inventory of Geocoding Tools

Table IV.3 below provides an inventory of companies that offer a type of geocoding
service. Some services are little more than an online search service for one address at a time,
while others are full-service geocoding programs. The single look-up services are useful for
verifying an address or looking up an unfamiliar place, but are insufficient for most geocoding
efforts because they lack the ability to process thousands of records, do not report geocoding
accuracy, and the results generally cannot be imported into a desktop GIS program.

The inventory is organized into three categories: online geocoding, offline geocoding,
and geocoding application services. The online geocoding category includes both on-the-fly as
well as data exchange types of geocoding services. Some companies, programs, or Web sites are
listed in multiple categories. Note: This inventory is not a complete list of all geocoding tools
but focuses on geocoding tools that are most likely to be relevant for a food desert catalog. For
additional options, see the geocoder list at the USC GIS Research Lab
(https://Webgis.usc.edu/Services/Geocode/About/GeocoderList.aspx).

Regardless of the geocoding tools or services used, decisions will have to be made
regarding unmatched addresses. Manual geocoding may be possible, but it is costly for large-
scale uses. Another option is to establish thresholds for acceptable accuracy levels to reduce the
prevalence of unmatched addresses in the area included in the feasibility study.

https://webgis.usc.edu/Services/Geocode/About/GeocoderList.aspx
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Table IV.3
Inventory of Geocoding Tools

Company Name and Web Site Description Web Site

ONLINE GEOCODING

Esri Community Analyst Community Analyst can perform online geocoding on imported point data that
have street address information. This feature uses a preconfigured Esri
geocoding service. The standard Community Analyst subscription limits the
number of data points that can be imported at one time (currently 1,000).
During the import process, the geocoder reports the overall match rate, but does
not indicate the level of accuracy of each geocoded address (there is no
distinction between street-level matches and matches only at the ZIP Code or
city level). After the initial geocoding process completes, the user has the ability
to interactively correct any addresses that cannot be matched. Figure IV.1
provides a screenshot of this interactive address correction feature.

http://communityanalyst.esri.com/

Tele Atlas EZ-Locate Client EZ-Locate Client is a fully functional commercial program that enables users to
perform real-time geocoding via Tele Atlas North America's Geocoding Server
over the Internet. EZ-Locate Client allows the user to send a file of address
records to the Geocoding Server and receive geocoded addresses, including
locations, postal-standard addresses, and census codes, back in real time.

http://www.geocode.com/

University of Southern California
(USC) Geocoding Service

The USC Geocoding Service is a collection of geocoding tools that are available
online for on-the-fly geocoding and in a client/server configuration for data
exchange geocoding. It is offered as a free service, limited to 2,500 addresses
per transaction; additional addresses may be obtained for a fee.

https://Webgis.usc.edu/Services/G
eocode/Default.aspx

BatchGeocode Users can paste up to 2,500 tab-delimited records into this Web site, and create
a map based on the Google Maps interface. Users can save the map definition,
after which it will be hosted on the batchgeo.com Web site as a unique map. The
‘Pro’ version (list price of $100) allows matching of up to 15,000 records and
claims to be faster.

http://batchGeo.com

CoreLogic PxPoint Designed for applications that need a high degree of positional accuracy, PxPoint
is a high-precision geocoding and spatial analytics engine that converts addresses
into geographic coordinates. PxPoint can simultaneously query multiple
datasets, such as U.S. parcel boundary data

1
and premium street data, to return

the best match possible. PxPoint utilizes a large database with more than 127
million parcels.

http://www.corelogic.com/product
s/pxpoint-geocoder.aspx

http://communityanalyst.esri.com/
http://www.geocode.com/
https://webgis.usc.edu/Services/Geocode/Default.aspx
https://webgis.usc.edu/Services/Geocode/Default.aspx
http://batchgeo.com/
http://www.corelogic.com/products/pxpoint-geocoder.aspx#container-Overview
http://www.corelogic.com/products/pxpoint-geocoder.aspx#container-Overview
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Company Name and Web Site Description Web Site

OFFLINE GEOCODING

Esri ArcGIS Desktop ArcGIS for Desktop software includes a flexible geocoding service within the GIS
environment that can work with the census TIGER/Line files or any of the
commercially available street reference files. It can handle large numbers of
addresses. Its main advantage is that it is integrated into the GIS environment,
which allows easy exploration and application of the geocoding results.

http://www.esri.com/software/arc
gis/arcgis-for-desktop/

iMaptools iMaptools provides a geocoding program that can run in the user’s environment.
The iMaptools geocoder works with NAVTEQ, Tele Atlas, and Tiger/Line data and
can provide additional services working with any of these formats. There are
various commercial services and commercial and free products available. The
iMaptools' geocoding solution is marketed as a cost-effective geocoder, a mid-
grade product between free products and higher end products.

http://imaptools.com/

Geolytics GeocodeDVD The Geolytics offline geocoder, called GeocodeDVD, matches addresses to
latitude/longitude coordinates and then adds census geographic designations to
those coordinates including historic census codes (1970, 1980, 1990, and 2000)
and the full 9-digit ZIP Code. Geocoding can be done for an individual address
(manual mode) or a list of many of addresses (batch mode). The geocoder uses
the 2010 TIGER/Line spatial datasets as its street reference file. The geocoder
automatically generates a map layer that will create points on the map as well as
allow the user to overlay the streets or block group boundaries on the map. The
user can also create a spatial dataset for importing into mapping software.

http://geolytics.com/USCensus,Geo
code,Products.asp

Manifold Manifold provides a full-function GIS system with a Geocoding Tools package as
an extra cost extension. The Manifold geocoder provides street-address
geocoding capability as well as access to the Manifold Geocoding Database data
provided on the Manifold downloads. The Geocoding Tools package also can be
configured to work with various geocoding data sources that are available for the
geographic region of interest.

http://www.manifold.net/index.sht
ml

GeoBase GeoBase is a general GIS platform that includes the GeoBase Engine, which
performs functions such as address lookup, mapping, routing, reverse geocoding,
and navigation. The GeoBase Engine is designed for high-transaction enterprise
environments with a particular focus on transaction speed.

http://www.geobase.info/geocodin
g-address-lookup/

http://www.esri.com/software/arcgis/arcgis-for-desktop/
http://www.esri.com/software/arcgis/arcgis-for-desktop/
http://imaptools.com/
http://geolytics.com/USCensus,Geocode,Products.asp
http://geolytics.com/USCensus,Geocode,Products.asp
http://www.manifold.net/index.shtml
http://www.manifold.net/index.shtml
http://www.geobase.info/geocoding-address-lookup/
http://www.geobase.info/geocoding-address-lookup/
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Company Name and Web Site Description Web Site

Maptitude Maptitude GIS software includes a built-in geocoding capability. It uses the
NAVTEQ street reference database that comes with the Maptitude GIS package.

http://www.caliper.com/Maptitude
/MapYourData.htm

GEOCODING APPLICATION SERVICES (PROGRAMMING INTERFACES)

USC Geocoding Service The USC Geocoding Service is available as an application service for a number of
different programming environments. It is offered as a free service, limited to
2,500 addresses per transaction, with provisions for additional addresses for a
fee.

https://Webgis.usc.edu/Services/G
eocode/WebService/GeocoderWeb
Service.aspx

Google Maps Google’s collection of programming interfaces supports both batch and
interactive geocoding. Its programming interfaces also allow the user to query
for directions. The programming interfaces offer a complete mapping experience
via a Web interface.

http://code.google.com/apis/maps
/documentation/Webservices/

GeoNames GeoNames is a collection of programming interfaces that allow a user to obtain
coordinates for features. The GeoNames geographical database is available for
download free of charge under a Creative Commons Attribution License. It
contains 10 million geographical names and consists of 7.5 million unique
features. All features are categorized into 1 out of 9 feature classes and further
subcategorized into 1 out of 645 feature codes. The data are accessible through
a number of Web services and a daily database export. Users may manually edit,
correct, and add new names using a wiki interface.

http://www.geonames.org/export/
free-geocoding.html

Yahoo PlaceFinder The Yahoo PlaceFinder Web service allows the user to convert street addresses
(e.g., “1600 Pennsylvania Avenue, Washington, DC”) or place names (e.g.,
“Washington, DC”) into geographic coordinates (e.g., latitude 38.898717,
longitude -77.035974) that can be used as the center of a map or the position for
a map marker. The service also allows conversion of geographic coordinates into
street addresses or place names. This conversion is called "reverse geocoding"
and can be used to provide user feedback when only coordinates are known.
Use of the Yahoo PlaceFinder Web service is limited to 50,000 requests per day.
Yahoo PlaceFinder is a REST Web service that supports worldwide geocoding of
street addresses, points of interest, airports, and place names. Points of interest
are locations such as schools, shopping malls, museums, and transit stations.
Place names supported include counties, States, countries, and continents. The
programming interfaces offer a complete mapping experience via a Web
interface.

http://developer.yahoo.com/geo/pl
acefinder/

http://www.caliper.com/Maptitude/MapYourData.htm
http://www.caliper.com/Maptitude/MapYourData.htm
https://webgis.usc.edu/Services/Geocode/WebService/GeocoderWebService.aspx
https://webgis.usc.edu/Services/Geocode/WebService/GeocoderWebService.aspx
https://webgis.usc.edu/Services/Geocode/WebService/GeocoderWebService.aspx
http://code.google.com/apis/maps/documentation/webservices/
http://code.google.com/apis/maps/documentation/webservices/
http://www.geonames.org/export/free-geocoding.html
http://www.geonames.org/export/free-geocoding.html
http://developer.yahoo.com/geo/placefinder/guide/
http://developer.yahoo.com/geo/placefinder/
http://developer.yahoo.com/geo/placefinder/
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Company Name and Web Site Description Web Site

Bing Maps Bing’s online mapping service includes a geocoding application interface. Bing
Maps AJAX Control 7.0, in conjunction with the Bing Maps REST Services,
provides opportunities for developers to incorporate both location and local
search features into their Web applications. The programming interfaces offer a
complete mapping experience via a Web interface.

http://msdn.microsoft.com/en-
us/library/gg427610.aspx

NAC Geographic Products NAC Geographic Products is an online commercial vendor that offers a wide
variety of commercial and free geocoding services. Services can either be
embedded in an existing Web service and consumed as a REST or SOAP service or
accessed in traditional manner.

http://www.nacgeo.com/geocode.a
sp

Thinkgeo Thinkgeo’s Map Suite Geocoder is a native geocoding and reverse geocoding
component for .NET that lets the user convert a street address into a geographic
location and vice versa. It can also deliver additional details like county, FIPS

2

codes, census tract and more. It ships with an optimized set of United States
street data based on the latest TIGER/Line data from the U.S. Census Bureau.

http://gis.thinkgeo.com

1 Parcel boundaries are the GIS coordinates of property boundaries.
2 Federal Information Processing Standards (FIPS) codes as established by the National Institute of Standards and Technology and used extensively by the U.S. Census Bureau.

http://msdn.microsoft.com/en-us/library/gg427610.aspx
http://msdn.microsoft.com/en-us/library/gg427610.aspx
http://www.nacgeo.com/geocode.asp
http://www.nacgeo.com/geocode.asp
http://gis.thinkgeo.com/
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Figure IV.1
The Interactive Address Correction Feature

In Community Analyst

2. Summary

Table IV.4 illustrates a summary of the geocoding tools described above, including the
type of geocoding available, the cost model, and the street reference files. Following this table,
we present the advantages and disadvantages of the options for this feasibility study and offer
recommendations.

Table IV.4
Summary of Geocoding Tools

Tool Type of Geocoding Available Cost Model Street
Reference
Files

Online
On-

the-Fly

Online
Data

Exchange
Offline

Application
Service

1. Esri Community Analyst X Subscription Tele Atlas

2. Tele Atlas EZ-Locate
Client

X
Subscription Tele Atlas

3. USC Geocoding Service
X X X

Free for 2,500 TIGER/Line
user
provided

4. BatchGeocode X Free for 2,500 NAVTEQ

5. CoreLogic PxPoint
X

Subscription Proprietary
parcel data

6. Esri ArcGIS Desktop X License Various

7. iMaptools X License Various

8. Geolytics GeocodeDVD X License TIGER/Line

9. Manifold X License Various
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Tool Type of Geocoding Available Cost Model Street
Reference
Files

Online
On-

the-Fly

Online
Data

Exchange
Offline

Application
Service

10. GeoBase X License Various

11. Maptitude X License NAVTEQ

12. Google Maps X X Free NAVTEQ

13. GeoNames X Free Place names

14. Yahoo PlaceFinder X X Free Nokia

15. Bing Maps X X Free NAVTEQ

16. NAC Geographic Products
X

Free and
subscription

Various

17. Thinkgeo X License TIGER/Line

Advantages and Disadvantages. For the FNS food desert catalog, information about the
accuracy of the geocoded result is very important. Without it, many SNAP households could be
misclassified as being within or not within a food desert. Thus, the geocoder that comes with
Community Analyst is not adequate in its original form. This is also true of many of the online
tools, which do not provide accuracy information. It is also important to have a street reference
file that is regularly updated (monthly or quarterly) such as those provided by Tele Atlas or
NAVTEQ. The census TIGER/Line file, although relatively accurate and available at no cost, is
only updated every couple of years and, thus, might not have street information for areas with
new housing development. Given the large number of SNAP households nationwide, the
geocoding task must be able to handle large input files. Therefore, the online on-the-fly
geocoding tools are not good candidates, even using a programming interface to automate the
submission process. The online data exchange services, in general, do not provide for data
security via a secure server, data encryption, and password protection and, hence, are not good
candidates. Overall, we suggest an offline geocoding tool running either in house or at a
contractor’s site with provisions for secure data exchange via a secure server, data encryption,
and password-protected data sets. Of the offline tools in Table IV.5, Esri’s ArcGIS Desktop,
Manifold, and Maptitude are have established reputations and could be used in a secure
environment.

Table IV.5 provides a comparison of the geocoding tools described above.

Table IV.5
Comparison of Geocoding Tools

Tool Source Type Major Strengths Possible Limitations

Community Analyst Esri Online data
exchange (within
USDA firewall)

USDA-preferred platform,
good street reference

No accuracy info,
limited number of
records

EZ-Locate Client Tele Atlas Online data
exchange

Good street reference Security of data

USC Geocoding
Service

USC Online data
exchange

Quantitative accuracy info Must license street
reference data,
security of data
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Tool Source Type Major Strengths Possible Limitations

BatchGeocode BatchGeocode Online data
exchange

Good street reference No accuracy info,
limited number of
records, security of
data

PxPoint CoreLogic Online data
exchange

Uses parcel data May not perform well
where parcel data are
not available, security
of data

ArcGIS Desktop Esri Offline Good street reference Runs within a GIS

iMaptools iMaptools Offline Good street reference Untested matching
algorithm

GeocodeDVD Geolytics Offline Adds historic census data Untested matching
algorithm

Manifold Manifold Offline Good street reference Runs within a GIS

GeoBase GeoBase Offline Good street reference Runs within a GIS

Maptitude Maptitude Offline Good street reference Runs within a GIS

Google Maps Google Application
service

Good street reference Limited number of
records

GeoNames GeoNames Application
service

Limited to place
names

Yahoo PlaceFinder Yahoo Application
service

Good street reference Limited number of
records

Bing Maps Bing Application
service

Good street reference Limited number of
records

NAC Geographic
Products

NAC Application
service

Good street reference Untested matching
algorithm

Thinkgeo Thinkgeo Application
service

Based on TIGER/Line
data

C. DISTANCE CALCULATION METHODS AND TOOLS

For the SNAP food desert catalog, a distance calculation tool is needed to estimate areas
of reasonable accessibility to food sources (areas beyond which would be considered food
deserts). An example of a 5-minute drive time buffer is shown in Figure IV.2. Travel-time
distances based on various modes of transit (car, bus, and walking) are important for accurate
assessment of accessibility. Various modes of transportation (walking, public transit, or vehicle
for driving) must also be considered. Typically, different distances used range from those
focused on pedestrian access in heavily urban areas to those focused on driving access in rural
areas, with gradations in between. For example, as discussed in Chapter II, the 2009 ERS report
defined multiple levels of accessibility for walking and driving. Urban studies may also include
considerations of public transit accessibility and pedestrian safety (Bader et al., 2010).

We recommend that FNS calculate distance by using tools with the following features:

 The GIS tool should typically check multiple point-to-point distance measures
simultaneously. A GIS tool could readily calculate the distance from a person’s
residence to all nearby food stores by using the residential location and the locations of
all of the nearby food retailers.
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 The GIS tool should calculate each mode of transportation: 1) driving distance, 2)
walking distance, and 3) transit distance.11

 The GIS tool should support “weighted” distance calculations, in which retailers are
weighted based on some travel distance or the “cumulative” distance calculation, which
is an aggregate of the travel distance necessary to acquire a set of foods.

Figure IV.2
A 5-Minute Drive-Time Buffer In Community Analyst

Table IV.6 below is an inventory of distance calculation tools.

11 Biking distance could also be included if desired. It is similar to walking distance except average speeds are faster and biking distance
calculations do not assume that you can ride a bike the wrong way on a one-way street. The number of bikers is usually smaller than the number
of walkers and biking times are usually somewhere between walking and driving times.
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Table IV.6
Inventory of Distance Calculation Tools

Tool Description Web Site

Esri Community Analyst Community Analyst could perform distance calculations when importing point
data. Users have the option of creating buffers of fixed distances (circular buffers)
or fixed-street network drive-time distances (drive-time buffers). The drive-time
buffers are irregularly shaped, reflecting different travel times along different
roadways. Figure IV.2 depicts a drive-time buffer from Community Analyst.

http://communityanalyst.esri.com/

Esri Network Analyst Network Analyst is an extra-cost extension to the ArcGIS Desktop product. It
provides a rich set of network analysis functions within the GIS environment,
including calculating street network distances. Distances could be expressed as
linear units, time, or cost-based distances. It includes multimodal network
support to calculate transit and walking distances.

http://www.esri.com/software/arc
gis/extensions/networkanalyst/

USC Shortest Path USC Shortest Path calculates the shortest street network distance between 2
points. It is available both for online calculation for a single origin and destination
pair, or as an online service for a file of origins and destinations. It is offered as a
free service, limited to 2,500 addresses per transaction with provisions for
additional addresses for a fee.

https://Webgis.usc.edu/Services/Sh
ortestPath/

Google Maps The Google mapping programming interface includes support calculating street
network distance and travel times. These services support walking and biking
distances as well as automobile travel. In Google Maps, transit times could be
calculated for metropolitan areas where the local transit service is providing
schedule and route information (currently about 150 United States cities provide
this information). This capability is not currently available via the Google mapping
programming interface.

http://code.google.com/apis/maps
/documentation/Webservices/

Bing Maps Bing’s mapping feature provides services very similar to Google Maps. In contrast
to Google Maps, Bing Maps does provide support for transit distances in its
programming interface.

http://msdn.microsoft.com/en-
us/library/gg427610.aspx

Transit-System Web Services Most of the transit systems that provide schedule and route information to
Google Maps and Bing Maps also provide online service for others to perform
transit distance and time calculations.

http://code.google.com/p/googletr
ansitdatafeed/wiki/PublicFeeds

http://communityanalyst.esri.com/
http://www.esri.com/software/arcgis/extensions/networkanalyst/
http://www.esri.com/software/arcgis/extensions/networkanalyst/
https://webgis.usc.edu/Services/ShortestPath/
https://webgis.usc.edu/Services/ShortestPath/
http://code.google.com/apis/maps/documentation/webservices/
http://code.google.com/apis/maps/documentation/webservices/
http://msdn.microsoft.com/en-us/library/gg427610.aspx
http://msdn.microsoft.com/en-us/library/gg427610.aspx
http://code.google.com/p/googletransitdatafeed/wiki/PublicFeeds
http://code.google.com/p/googletransitdatafeed/wiki/PublicFeeds
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Summary

Table IV.7 illustrates a summary of the tools described above, including the advantages
and disadvantages of each. Below are several things we are looking for in using these tools for a
food desert catalog.

 Distance calculations should take the actual street network into consideration; those that
measure distance in other ways (e.g., Euclidean, Manhattan, and great-circle distances)
are not appropriate for a SNAP food desert catalog. Although they could be useful
approximations, there would be many local situations where the distances were clearly
wrong.

 Time-based measures are much more useful than measures that use distance alone.

 For SNAP households, automobile ownership cannot be assumed and, thus, the ability to
calculate walking and public-transit travel times is a significant advantage.

Table IV.7
Comparison of Distance Calculation Tools

Tool Source Type Major Strengths Possible Limitations

Community Analyst Esri Web-based
(TBD, but
likely within
USDA firewall)

USDA-preferred
platform, drive-time
distances

Support for walking times,
transit times

Network Analyst Esri Offline Flexible time and
distance calculations

Runs within a GIS,
multimodal support
requires development
resources

Shortest Path USC Online data
exchange

Open source,
performance for large
files

Currently no walking or
transit support

Google Maps Google Application
service

Established
programming interface

Requires programming,
currently no transit
support

Bing Maps Bing Application
service

Supports transit Requires programming

Transit-System Web
Services

Local transit
systems

Application
service

Provides transit times Requires programming,
transit only

D. GEOVISUALIZATION

Community Analyst provides a strong set of geovisualization tools for the display and
analysis of a potential food desert catalog. However, there are some limitations to the
visualization capabilities of the current version of this program; see Chapter V, Section D, for a
detailed discussion.
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Additional geovisualization tools might be useful for both internal analysis use (within
FNS) and for making the food desert catalog data accessible to others. Table IV.8 provides an
inventory of potentially useful geovisualization tools and examples, followed by a summary of
advantages and disadvantages. The types of tools include “mapcentric” tools that primarily
focus on geospatial data display, tools that link geospatial displays with other graphic data
displays such as charts and tables, and other examples of geovisualization possibilities.
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Table IV.8
Inventory of Geovisualization Tools

Tool Description Web Site

MAPCENTRIC TOOLS

Esri Community Analyst Community Analyst supports a number of geovisualization options. It
allows selections of a specific geographic area through the “smart
map search” feature, allows the linkage of a large amount of
supplemental community data, and could present the data in a
simple, easy-to-use map interface.

http://communityanalyst.esri.com/

ArcGIS Online,
ArcGIS Explorer

Esri continues to develop its interactive Web-based mapping options.
ArcGIS Online and ArcGIS Explorer are 2 instances of the same
underlying technology as Community Analyst with some differences in
presentation capabilities. The main advantage of ArcGIS Explorer is its
dashboard display and data filtering capabilities.

http://www.arcgis.com/

http://explorer.arcgis.com/

Portal for ArcGIS Esri could make custom versions of the ArcGIS Online and ArcGIS
Explorer platforms available for either public use or within an
organization (behind an organization’s firewall). Esri has also been
referring to this capability as “ArcGIS Online for Organizations.” They
have implemented versions for the National Oceanic and Atmospheric
Administration (NOAA) and the Environmental Protection Agency
(EPA). There is no established pricing structure yet – negotiations
would need to be based on existing organizational Esri licenses and
projected use.

Examples of custom-built Web geovisualization interfaces using
underlying Esri platforms and services include:

 The Healthy Kids GIS (http://healthykidsgis.org/blog/)

 HealthLandscape (http://beta.healthlandscape.org/)

http://www.esri.com/software/arcgis/portal-for-
arcgis/

http://communityanalyst.esri.com/
http://www.arcgis.com/
http://explorer.arcgis.com/
http://healthykidsgis.org/blog/
http://beta.healthlandscape.org/
http://www.esri.com/software/arcgis/portal-for-arcgis/
http://www.esri.com/software/arcgis/portal-for-arcgis/
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Tool Description Web Site

LINKED INTERACTIVE DATA FRAME TECHNOLOGY
(MAPS LINKED WITH OTHER GRAPHICAL DATA DISPLAYS WITH SIMULTANEOUS UPDATES ACROSS FRAMES)

InstantAtlas Built and marketed by a group in the UK, the technology has been
used by a number of agencies for Web-based data dissemination

http://www.instantatlas.com/

The UK cancer e-Atlas from the
National Cancer Intelligence
Network (NCIN)

An example of the use of InstantAtlas for the display of local UK
cancer rate information with the ability to easily compare areas

http://www.ncin.org.uk/cancer_information_tools/
eatlas/

Arizona Department of Health
Services

An example of the use of InstantAtlas for Web-based display of data
from the Arizona Department of Health Services

http://www.azdhs.gov/phs/azchaa/

CDC Interactive Cancer Atlas
(InCA)

Another example of linked interactive data frames for geovisualization
used for dissemination of data from the CDC’s annual United States
Cancer Statistics report

http://apps.nccd.cdc.gov/DCPC_INCA/DCPC_INCA.
aspx

OTHER GEOVISUALIZATION EXAMPLES

Hans Rosling’s GapMinder Interactive animated data display http://www.gapminder.org/

IBM Many Eyes Web site to facilitate a data visualization community with maps as
one of many possible data exploration tools

http://manyeyes.alphaworks.ibm.com/

http://www.instantatlas.com/
http://www.ncin.org.uk/cancer_information_tools/eatlas/
http://www.ncin.org.uk/cancer_information_tools/eatlas/
http://www.azdhs.gov/phs/azchaa/
http://apps.nccd.cdc.gov/DCPC_INCA/DCPC_INCA.aspx
http://apps.nccd.cdc.gov/DCPC_INCA/DCPC_INCA.aspx
http://www.gapminder.org/
http://manyeyes.alphaworks.ibm.com/
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Summary

Table IV.9 illustrates a summary of the geovisualization tools described above, including
the advantages and disadvantages of each. Community Analyst and the related Esri Web-based
mapping platforms offer strong geovisualization capabilities with a relatively simple user
interface. The primary disadvantage is that the main output is a map and the ability to include
other data visualization elements such as graphs and tables is limited. For visualization using a
mix of maps and data graphics, a tool based on linked interactive data frame technology is the
best approach. Such tools could be particularly useful for visualizing changes in trends over
time.

Table IV.9
Comparison of Geovisualization Tools

Tool Source Type Major Strengths Possible Limitations

Community
Analyst

Esri Mapcentric USDA-preferred platform,
simple interface

Limited set of
mapping options

ArcGIS Online,
ArcGIS Explorer

Esri Mapcentric Simple interface, richer
set of mapping options

Runs on Esri servers,
still has some
limitations in
mapping options

Portal for ArcGIS Esri Mapcentric Can be deployed behind
the firewall

Still has some
limitations in
mapping options

InstantAtlas InstantAtlas Linked interactive
data frames

Mix of maps and data
graphics

Supports a series of
defined templates

Interactive Cancer
Atlas (InCA)

CDC, Penn
State

Linked interactive
data frames

Mix of maps and data
graphics

Limited support

GapMinder Hans Rosling Time series Time series visualization
through animation

Extensibility

Many Eyes IBM Collaborative
sharing

Create data visualization Open community
environment

E. PRIVACY AND SPATIALLY EXPLICIT DATA

Ensuring the confidentiality of SNAP program households is of utmost importance.
Much like the U.S. Census Bureau, FNS must not release any data that enable the identification
of an individual. A distinction should be drawn between the use of explicit spatial information
within USDA/FNS for analytic purposes and the release of spatially explicit data in a public
setting. For program analysis of the relationships between food desert locations and the
characteristics of SNAP program households who live there, spatially explicit data could and
should be used within USDA/FNS. However, it is important to prevent the release of spatially
explicit data to the public. For example, spatial data are most often illustrated as a dot map
where each dot might represent a SNAP program household. There are methods available
(referred to as “reverse geocoding”) for converting dots on a map to likely residential addresses,
so a dot map could potentially be used to identify SNAP program households.



Feasibility of Using GIS to Catalog
A Representative Sample of Food Deserts

Page 40

Several methods are available to present data on SNAP households in food deserts
without risking the identification of individuals. The simplest is aggregation: individual data
could be combined within geographic areas such as census tracts, ZIP Codes, cities, or counties
and only present the aggregated information about the characteristics of SNAP program
households who live in food deserts. This method is often very effective. One disadvantage is
that the visualization of the relationships between food desert locations, store locations, and the
characteristics of SNAP households in the area could be difficult to ascertain.

To allow the visualization of individuals’ locations without risking identification,
individual points could be relocated in a technique called geomasking (Armstrong, Rushton, &
Zimmerman, 1999). This technique involves moving a point location a random distance in a
random direction so that the original location is not mapped. A minimum distance is usually
specified to ensure that the location is moved a sufficient distance to insure anonymity (“k-
anonymity”). Methods are also available to constrain the relocation of the point within plausible
boundaries to ensure the point is not relocated, for example, into a nearby lake or, or for this
application, outside of the food desert.

The result of this masking activity is a map that could be presented to the public showing
representative point locations of SNAP program households without risking identification. The
points could be color coded to represent different characteristics of the households such as
income level, education, car ownership, etc. and combined with food desert locations and store
locations. This type of map could be much more effective than a map using aggregated
household information.

Summary

There are two viable options for the presentation of spatially explicit data about SNAP
households without risking identification, as summarized in Table IV.10. Aggregation is the
simplest to implement. The main disadvantage is that some spatial information is lost that could
make relationships difficult to discern and, because the resulting maps are area based, it could
leave the impression that the distribution is uniform across the area with abrupt jumps at area
boundaries.

Geomasking is a well-established method to present spatial data that could maximize the
spatial information presented while protecting privacy. The main disadvantage of geomasking is
that there are no easy-to-use tools available to apply this technique. It could be done with a
spreadsheet program but the masked points could end up in locations such as lakes or parks. The
technique is best applied within a GIS framework to avoid these types of problems, but this
requires GIS expertise.



Feasibility of Using GIS to Catalog
A Representative Sample of Food Deserts

Page 41

Table IV.10
Comparison of Spatial Data Privacy Options

Option Type Major Strengths Possible Limitations

Aggregation Area based Simple Loss of spatial information,
implication of uniformity

Geomasking Point based Retains spatial patterns within
areas

Some tools available,
including a soon-to-be-
released free tool

F. GIS TOOL RECOMMENDATIONS

After reviewing the advantages and limitations of each alternative, the study team
recommends the following tools.

Geocoding. There are several possibilities for geocoding services for the food desert
catalog. One solution is to use a new version of Community Analyst that has been extended to
provide information about geocoding accuracy and to handle a large number of records. The
geocoding could be done on a USDA server with up-to-date street reference data.

Alternatively, since FNS has an existing contract for geocoding food retailer locations for
SNAP Retailer Locator, it might be a relatively simple matter to add a task order to the existing
geocoding services contract. The contract is subscription based through Esri’s geocoding
services and includes a file with up-to-date street reference data. Most vendors of geocoding
services set their fees based on the number of records to be geocoded. A selected geographic
area for an initial version of the SNAP food desert catalog might have 100,000 to 150,000 SNAP
households. Even with several such areas, the number of address records that might need to be
geocoded would not be prohibitively large.

Another alternative, assuming that a contract is issued for the GIS processing needed to
construct an initial SNAP food desert catalog, is to include the geocoding requirements in that
contract.

If none of these options is available, it makes most sense to contract for services from an
outside organization. The contract should specify that accurate information be provided, up-to-
date street reference files be available, and strong data security procedures be used. There are
many professional services organizations such as Esri and Tele Atlas that could provide strong
bids for such a contract. This contract should be designed to be a multiyear process with the data
file re-geocoded annually or as needed.

Regardless of which of these geocoding methods is implemented, we recommend FNS
establish an ongoing effort to correct addresses that cannot be geocoded. With most address files
that come from administrative data, 10-20 percent of the addresses may not be able to be
geocoded. This is most often due to the use of a P.O. Box rather than a street address, an error in
the street number or name, or a missing directional street indicator. In a process called manual
geocoding, many of these problems could be corrected. We recommend that USDA/FNS also
consider establishing an ongoing process, either in-house or via a contract mechanism, to correct
such problems in the SNAP databases.
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Distance Calculation. The support for drive-time buffers in Community Analyst is a
good starting point. However, it is important to be able to extend Community Analyst to
generate walking time and transit time buffers. If this cannot be accomplished, an alternative or
supplemental tool should be considered. Network Analyst is one option, although it would
require staff familiar with Esri GIS desktop software and, thus, might best be accomplished
through contract services. Another alternative is to explore the possibility of using the USC
Shortest Path tool (Table IV.6). The USC lab might be able to extend this tool to include transit
routing services where they are available and might be more efficient than developing a
multimodal capability in Esri’s Network Analyst.

Geovisualization. For a basic set of geovisualization tools, we recommend Community
Analyst and the related Esri Web-based mapping platforms. For more flexibility in terms of
mixing maps with other data graphics, the InstantAtlas product (Table IV.8) is the best
alternative for quick deployment without the need for additional in-house development
resources.

Special Data and Privacy. Aggregation of data on the characteristics of SNAP
households living in food deserts is a straightforward way to share such data with the public.
Data could be aggregated by county, city, ZIP Code, or census tract. Another aggregation unit
could be for the boundaries of each particular food desert. In both cases, we recommend
including data suppression rules to handle cases in which there are only a small number of SNAP
households in a particular area. Geomasking could also be considered if there is a need to show
the approximate spatial distribution of SNAP households within each area. Although there is no
simple tool for geomasking available today, there is a group at the University of New Mexico
that has been funded by the National Science Foundation to develop simple tools to apply
geomasking techniques and these tools might be available in a year or two. For additional
discussion about this group’s progress, see Chapter V, Section E.

GIS Web-Based Service. The use of a Web-based service is not a requirement for a
food desert catalog. A catalog could be built and maintained without the use of such services
and none of the extant data sources recommended in this chapter is best accessed through Web-
based services. However, it may be to FNS’s advantage to make the results of the SNAP food
desert catalog available using REST Web-based services in order to maximize the utility and
visibility of the data. There is strong interest in food access issues among policymakers, and
many public data analysis Web sites contain user-contributed tools for analyzing and presenting
food access information.
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CHAPTER V: A STEP-BY-STEP APPROACH TO DEVELOPING A
SNAP FOOD DESERT CATALOG

This chapter describes our processing recommendations for the construction, analysis,
and sharing of the proposed SNAP food desert catalog. Section A provides an overview of the
GIS processing steps and a discussion of the basic assumptions that drive our recommendations.
Section B presents our recommendations for the preparation of input data for the catalog:
converting street addresses to geographic locations (geocoding), and preparing the data for
loading into a GIS tool. Section C describes our proposed methods to construct the food desert
areas to create a spatial data file for the places where food accessibility is limited. Section D
describes our recommended methods for determining which SNAP households reside in food
deserts and recommended techniques for the analyses of their characteristics. Section E
discusses methods for using and sharing the results: privacy protection methods, data
visualization tools, and methods for providing access to the data. Finally, in Section F, we
discuss the licensing requirements for the recommended GIS processing tools.

A. OVERVIEW

The first step needed for FNS to develop a SNAP food desert catalog consists of
obtaining and reviewing the input files. The input files consist of 1) food retailer locations and
2) data on SNAP households. Second, prior to any GIS processing, these data files need to be
prepared for use within a GIS context. The preparation will include geocoding; ensuring the file
formats are appropriate for importing into a GIS program; and ensuring that data fields are in the
appropriate format for linkage with other geographic data. Once the food retailer and SNAP data
files are ready, the GIS processing steps to construct the SNAP food desert catalog can begin.
The process includes the following four steps:

1. Import the food retailer locations.
2. Establish the areas with sufficient access to these locations.
3. Generate the food desert locations defined as everywhere without easy access to a food

retailer.
4. Overlay the SNAP household locations to determine which are in food deserts and which

are not. Generate information on the characteristics of SNAP households.

These steps are shown in Figure V.1 below and are detailed in Sections B through D of
this chapter.
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Figure V.1
GIS Processing Steps

Once these steps are completed, the primary output files will be created. The output files
consist of 1) a food desert spatial data file with food desert boundaries and associated attributes
of these areas, and 2) a SNAP household file augmented with an indication of food desert status
and information about access to nearby food retailers. Detailed recommendations for using and
sharing the information contained in these files are presented in Section E of this chapter.

Recommended GIS Tools. After carefully reviewing GIS tools available to FNS for the
SNAP food desert catalog, we recommend use of the following two primary tools:

1. ArcGIS Desktop
2. Community Analyst

FNS indicated a preference for using Community Analyst due to its simple user interface
and short learning curve, as well as its planned implementation at FNS. In evaluating
Community Analyst as the primary tool for the SNAP food desert catalog, we determined that it
has some significant limitations. Although one can import data such as food retailer locations
and SNAP household locations and one can create buffers around the food retailer locations to
define areas of accessibility, some essential functionality is missing, as described below.

1. Import the food retailer locations

2. Establish areas with easy access to
food retailers

3. Generate the food desert areas
(everywhere else)

4. Overlay the SNAP participant
locations (characteristics can be
analyzed and compared to
participants not in food deserts)
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The basic architecture of Community Analyst has a simple data flow model as shown in
Figure V.2.

Figure V.2
Community Analyst Data Flow

Data built into Community Analyst, possibly augmented with user data, are first selected
and filtered and then used to create various standard maps and reports. There are two major
limitations for construction of the SNAP food desert catalog.

1. There is no provision in Community Analyst for defining new spatial areas for
“everywhere else” (all locations that are not in a selected area) or for creating a spatial
data file as output. This output is needed to generate the food desert areas as shown in
Step 3 of Figure V.1.

2. There is no provision for moving results from the right side of the data flow back to the
left side to be used in subsequent data selection and filtering steps. This is needed to
overlap the SNAP household locations as shown in Step 4 of Figure V.1.

Due to these limitations, we recommend using ArcGIS Desktop as the primary tool for
the generation of the SNAP food desert catalog, and then adding the results from this tool into
Community Analyst for use as a secondary tool for the analysis and visualization of the results.
The following sections describe in detail how these two tools would be used in a complementary
way.

Maps and
reports

Select and
filter

Data in the
Community Analyst’s

“fabric”

User’s
data
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B. DATA PREPARATION

1. Geocoding

To prepare the input data files for use within a GIS context, the street addresses need to
be geocoded. A description of different geocoding approaches and tools is described earlier in
Chapter V, Section B. For food retailers, much of the available data already have location
information in the form of latitudes and longitudes, but some may still need to be geocoded.
However, we expect that most or all of the data on SNAP households will not include latitudes
and longitudes (unless the States that provide the data have done their own geocoding).
Therefore, for this discussion, we focus on the requirements for the geocoding of the data on
SNAP households.

As described in Chapter IV, Section B, not all of the addresses in the files of SNAP
households will be able to be successfully geocoded. Some addresses may be missing altogether.
Others might be missing key parts of the address. Typically, between 80 percent and 90 percent
of most addresses in standardized files can be geocoded; this percentage is referred to as the
match rate. Match rates are generally higher for urban areas than rural areas and depend on the
general data quality of the address information. Some of the unmatched addresses might be
geocoded by reviewing suggested possible matches and performing various Internet searches to
find other alternatives. This process is referred to as manual geocoding. Unless the match rate is
substantially below 80 percent, however, we do not recommend manual geocoding for SNAP
household data since the process is quite labor-intensive and expensive. We do recommend
comparing the characteristics of the SNAP households who cannot be geocoded with those that
can to determine if any important biases might be introduced by using only the matched data.

As described in Chapter IV, Section B, most geocoding programs use a probabilistic
matching algorithm to identify possible matches that are close to but not exactly the same as data
in the street reference file. A score is generated for these near matches and a threshold value is
established so that possible matches with scores higher than the threshold will be automatically
accepted. Because high spatial accuracy is not required for the SNAP food desert catalog, we
recommend using a relatively low threshold value to improve the match rate, if needed.

Most geocoding programs include an indication of the relative accuracy of the geocoding
results together with the generated latitude and longitude. The accuracy is expressed in terms of
the relative size of the geographic entity that was used to generate the latitude and longitude.
Typical accuracy levels (in order of decreasing accuracy) are street address, street only, ZIP
Code, and city. A common example of a less-than-full match will occur with a P.O. Box (P.O.
Box) address where actual street address location is missing. Most geocoding programs will
generate a latitude and longitude for such an address using the geographic center of either the
ZIP Code or the city. After the file has been geocoded, users usually decide whether to use
geocoding results with less than street-address-level accuracy. Because high spatial accuracy is
not required for the SNAP food desert catalog, we recommend including geocoded address with
less than street-address-level accuracy.
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We should note here that the locations generated by geocoding are only approximations
of the true location. Even with a street-address-level match, the true location can differ from the
geocoded location due to irregular street numbering, inaccurate street reference data, etc. Studies
that compare geocoded locations with true locations have found that the difference is usually
within 50-100 meters in urban areas but can be as much as a kilometer or more in rural areas
(Abe & Stinchcomb, 2008). Since most addresses for the initial SNAP food desert catalog will
be in urban areas, differences from the true location should be within 50-100 meters and, thus,
should not be a major concern for this application.

To do the geocoding, we recommend using an offline service because of the expected
volume of data and the need to protect data confidentiality; specific options are discussed in
Section F of this chapter.

2. Formatting the Data Files

File Type. Once the data have been geocoded, it will be necessary to ensure that the data
files are in a format that can be easily loaded into a GIS tool. ArcGIS Desktop can import
tabular data from most of the common database programs including Microsoft Access and
dBase. In addition, ArcGIS Desktop can import spreadsheet data from Excel as long as the data
layout has a simple structure with column names in the first row and a single row for each
geographic location. Such data can also be imported using delimited text file formats such as
CSV.

Format of the Variables. Some data field values will also need to be in established
formats. In particular, latitudes and longitudes need to be expressed in decimal degrees (for
example, 38.8897, -77.0075) rather than degrees, minutes, and seconds (38° 53' 23" N, 77° 00'
27" W). Geocoding output is usually generated in decimal degrees. If some of the latitude and
longitude data to be used for the SNAP food desert catalog are expressed in degrees, minutes and
seconds, the data can easily be converted to decimal degrees. This conversion can be done using
a simple spreadsheet or database program.

If there are other data fields containing geographic identifiers such as State or county
names or census tract IDs, these data fields should also be reviewed to be sure they are in a
standard format. State and county names often have slightly different spellings between files
(due to, for example, use of uppercase and lowercase, use of abbreviations, apostrophes, etc.).
For this reason, the geographic area codes typically used to ensure reliable linkage between files
are the Federal Information Processing Standards (FIPS) codes as established by the National
Institute of Standards and Technology and used extensively by the U.S. Census Bureau.12

Standard FIPS codes should be used for data field values that are to be used in a GIS
environment and/or linked with other geographic data. Special care must be taken with the FIPS
codes used for census tracts. Census tract FIPS codes are six digits—for example, 013467.
These codes are often written with a decimal point between the fourth and fifth digits and leading
zeros removed—for example, 134.67. To ensure reliable linkage, most GIS data use the full six-
digit FIPS code as a text string for census tract identifiers.

12 For further information, see Federal Information Processing Standard (FIPS) at http://quickfacts.census.gov/qfd/meta/long_fips.htm.



Feasibility of Using GIS to Catalog
A Representative Sample of Food Deserts

Page 48

C. CONSTRUCTING THE FOOD DESERT AREAS

In Chapter IV, Section C of this report, we have described various methods of measuring
distance For the initial version of the SNAP food desert catalog, we recommend using a travel-
time buffer (either driving time or walking time) to define areas that have good access to food
retail outlets. This is suitable for the detailed address locations available for SNAP households.
Street network distances (or street network travel times) are more representative of people’s real
experience than “as-the-crow-flies” distances.

The specific travel-time value to use as a threshold to define low access areas is
something that should be determined in consultation with FNS during the early phases of an
initial SNAP food desert project. Future versions of the SNAP food desert project could use
different thresholds for urban, suburban, and rural environments. In addition, a more nuanced
approach could be used that considers different types of food sources and varying degrees of
access. These alternatives are discussed in the section on future options in Chapter VII.

To provide a visual demonstration of our recommended GIS processing steps, we have
defined a study area consisting of the District of Columbia and Montgomery and Prince George’s
Counties in Maryland (Figure V.3).

Figure V.3
Demonstration: Study Area for GIS Processing Demonstration Maps

There are three steps in the GIS processing needed to construct food desert areas. Each
of these is described below.

Study Area
Overview

Montgomery
County

Prince George’s
County

District of
Columbia
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Import Retailers Into the GIS Tool. First, the data for the location of food retailers
need to be imported into the GIS tool. In ArcGIS Desktop, this involves identifying the file to
import and which of the data fields contain the latitude and longitude information. The result
will be a spatial data layer of food retailer locations where each data item in the spatial data layer
is a point location. For our demonstration study area, we imported a data file of major
supermarkets (Figure V.4).

Figure V.4
Demonstration: Study Area Food Retailer Locations

Define Areas With Good Access. The second step is to define areas with good access to
food retail outlets. Within ArcGIS, the buffers are defined by computing travel times along the
street network from each of the points in the food outlet spatial data layer. The result is a second
spatial data layer where each item in the data layer is an irregularly shaped buffer around each
food retail outlet.

Identify Food Deserts. The third step is to define food deserts as those areas that are
outside any of the buffers. In ArcGIS, this is done by selecting regions that are in the study area
but not in any of the buffers. The result is a spatial data layer consisting of all of the areas that
have low access to a food retail outlet. For our demonstration area, Figure V.5 shows the
resulting spatial data layer of food desert areas using 3-minute drive-time buffers. We used a
relatively short travel time to generate more potential food deserts for demonstration. For the
real SNAP food desert catalog, a value of 5 or 10 minutes is more appropriate.

Major Supermarkets
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Figure V.5
Demonstration: Hypothetical Food Desert Areas

Assign Attributes to the Food Desert Areas. Each of the food desert areas can be
assigned attribute values that might be useful for future analysis activities. Information about the
population within each of the food desert areas can be generated within the GIS tool by
overlaying census tract level data or census block group level data and summarizing the
characteristics for each food desert area. Some possible attributes for these food desert areas
might include:

1. The size in square miles or square kilometers of the desert
2. The county (or counties) where the food desert is located (both the county name and the

county FIPS code)
3. The population within the desert
4. The population density of the desert
5. Various demographic and socioeconomic characteristics of the population within the

desert

Table V.1 provides several additional examples of possible data attributes that might be
included for each food desert area. Some of these attributes are based on aggregate data of the
food desert rather than SNAP administrative data for the specific households.

Hypothetical Food
Desert Areas
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Table V.1
Possible Data Attributes for Food Desert Areas

Data Attribute Description

Food desert ID A unique identifier for this food desert

County name The name of the (primary) county where the food desert is
located

County FIPS The FIPS code for the (primary) county

Area The size of the food desert in square kilometers

Population An estimate of the total population

Population density The population per square kilometer

Median HH income
1

Median HH income for all HHs in this food desert

Percent HHs below 130% poverty
1

Percent of HHs with income below 130% of the Federal
poverty level

SNAP HHs Number of SNAP HHs in this food desert

SNAP HH income
1

Median HH income for the SNAP HHs in this food desert

Percent SNAP HHs below 130%
poverty

1
Percent of SNAP HHs with income below 130% of the
Federal poverty level

SNAP food retailer distance Average distance to the nearest food retailer for the SNAP
HHs in this food desert

SNAP food retailer driving time Average driving time to the nearest food retailer for the
SNAP HHs in this food desert

SNAP food retailer walking time Average walking time to the nearest food retailer for the
SNAP HHs in this food desert

SNAP food retailer transit time Average time to take public transit to the nearest food
retailer for the SNAP HHs in this food desert

Crime rate Number of serious crimes per 1,000 people for the area of
this food desert

1 We include income and poverty measures as just two examples. Other measures such as age, race/ethnicity, marital
status, elderly household members, and gender could also be included.
HH = Household

The final spatial data layer can be saved as a spatial data file for later use and for sharing
with others.

D. IMPORTING LOCATIONS OF SNAP HOUSEHOLDS

The final GIS processing step in the creation of the SNAP food desert catalog is to import
the locations of SNAP households and overlay their locations on the food desert areas. In
ArcGIS Desktop, this involves identifying the data file to import (and which of the data fields
contain the latitude and longitude information). The result will be a spatial data layer of the
point locations of SNAP households.

After the SNAP household data are imported, new data attribute values can be generated
based on spatial relationships between this data layer and other layers within the GIS. For
example, one new data attribute could be an indication of whether or not the SNAP household is
within one of the food deserts. In addition, data derived from the SNAP administrative data may
be included to describe the characteristics of these SNAP households.
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Protecting the identity of SNAP households is essential for the development of this
catalog. During these final GIS processing steps, the data associated with the SNAP household
locations must be treated as confidential information. In addition to the required information
about household location, we recommend including only a randomly generated unique identifier
in the SNAP household data to be used for GIS processing. This identifier could be linked back
to SNAP administrative data if needed, but does not otherwise provide information about the
household. If the GIS processing is to be done by a contractor outside of FNS, the contract
should include strong data security requirements and a contractor should be selected who can
demonstrate the capability and experience necessary to protect the confidentiality of the data
during the GIS processing. Once the GIS processing is completed, the SNAP household spatial
data can be kept within the confines of FNS and all analysis, mapping, and data sharing can be
done in such a way that SNAP household identities are protected.

After the data file is imported, summary statistics for all SNAP households in the area
operationally defined as a food desert can then be easily determined. Important attributes of
interest that can now be calculated are the distance/time to the nearest food retailer. This could
include various measures of street network distance and travel time generated for multiple travel
modes (driving, walking, and public transit). Table V.2 provides examples of possible data
variables that would be generated for each of the SNAP households as part of this process.

Table V.2
Possible Augmented SNAP Household Data Attributes

Data Attribute Description

Unique ID for SNAP HH A randomly generated identifier to enable linkage with SNAP
administrative data, including household characteristics

Food desert indicator Is the SNAP HH in a food desert (yes or no)

Food desert ID If yes, the ID of the food desert

Food retailer distance Distance to the nearest food retailer

Food retailer driving time Driving time to the nearest food retailer

Food retailer walking time Walking time to the nearest food retailer

Food retailer transit time Time to take public transit to the nearest food retailer

Number of area
supermarkets

Number of supermarkets within specified minutes of drive
time

Number of area convenience
stores

Number of convenience stores within specified minutes of
drive time

Number of farmers’ markets Number of farmers markets within specified minutes of
drive time

Index of food access An index score indicating the overall accessibility to healthy
food outlets

Note: These values, particularly the proximity measures, should be treated as confidential since the location of the
residence of the SNAP household could be inferred from them. The actual values could be retained for internal FNS use
but they should be converted to categorical data ranges for external release. Methods for protecting the privacy of
SNAP households are discussed in Section E of this chapter.
HH = Household

Once the desired attribute values have been added to the SNAP household data, the
spatial data layer can be saved as a spatial dataset for later analysis. In addition, one can save the
data as a standard data table for linkage back with the SNAP administrative data.
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For our demonstration study area, we simulated the locations of SNAP households by
generating a number of random points within each census tract proportional to the number of
people below poverty in the tract. The result of adding these simulated SNAP households to the
food desert areas is shown in Figure V.6 for a portion of the study area.

Figure V.6
Demonstration: SNAP Households in Food Deserts

E. USING AND SHARING THE RESULTS WITHIN AND OUTSIDE OF FNS

Once the SNAP food desert catalog has been developed, the next step is to identify the
tools and methods for using and sharing the results. For example, results may be used for SNAP
program analysis, for the assessment of the impact of other programs intended to improve access
to healthy foods, and for the sharing of the SNAP food desert catalog with outside researchers
and the public.

We recommend using Community Analyst as the primary tool for visualization,
exploration, and analysis of the SNAP food desert catalog. However, there are several
limitations to Community Analyst; examples of these include the following.

 The data flow of Community Analyst (as shown in Figure V.2) does not allow the results
of one analysis to be used as input to a subsequent analysis.

SNAP Participant Not in Desert

SNAP Participant in Desert

(SNAP participant locations are simulated)

Census Tract

Hypothetical Desert
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 Although Community Analyst supports a number of different types of maps and reports,
it is not easy to modify or customize the standard set. Note: The area of ‘custom’
reports is likely to be enhanced in future releases of the Community Analyst.

 Cartographic techniques that can be used to enhance visual communication—such as
symbolization, classification, and generalization—are limited in Community Analyst.

 The placement of map labels and legends and the control of map projections are very
limited in Community Analyst.

 Community Analyst does not allow the user to combine multiple map themes, show both
maps and other graphic or tabular data frames, or show changes in values over time.

In addition to Community Analyst, there are a number of other tools for geospatial data
visualization and analysis that have some useful features that Community Analyst does not have
(as described in Chapter IV). As such, we recommend that FNS, in the future, consider
additional data visualization and analysis tools such as Esri’s other Web-based mapping
platforms and the InstantAtlas product as supplements to Community Analyst.

The GIS processing described in Sections C and D above will result in two spatial data
files: 1) a data file for food deserts (containing food desert location data) and 2) a data file for
SNAP households and their relationship to food deserts. We recommend that both of these
spatial data files be added to the data available in the internal FNS version of Community
Analyst. Note: The data file on SNAP households should be treated as confidential and access
limited to FNS SNAP program staff.

For sharing the data outside of USDA, however, we recommend that FNS create a third
file. This public version of the file is an aggregated version of the data on SNAP households.
Data aggregation is a common method used to protect confidential data. Data about the number
and characteristics of SNAP households who live in food deserts could be aggregated at several
geographic levels, including census tracts, ZIP Code, city, and county. In addition, data could be
aggregated by individual food desert area, and by metropolitan area for the selected geographic
areas represented in the SNAP food desert catalog. Both the aggregated data on SNAP
households and the data on food deserts could then be added to the public version of Community
Analyst. These data could also be made available as a Web-based mapping service using a Web
spatial data platform such as ArcGIS Online to facilitate use by others in a variety of GIS and
Web-based mapping and analysis tools. In addition to the aggregated data on SNAP households,
we recommend that FNS consider producing a geomasked version to allow visualization of the
relationships between food desert locations, store locations, and the general spatial distribution of
SNAP households. By making these data available, FNS will facilitate the use of the data by
others in a wide variety of GIS and Web-based mapping and analysis environments.

For our demonstration study area, we aggregated our simulated locations of SNAP
households by census tract and calculated the percentage of SNAP households in each census
tract who reside in a food desert (Figure V.7). Note: In this map, many of the areas with high
percentages of residents in food deserts are predominantly rural, in which a larger distance from
food retailers is expected.
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Figure V.7
Demonstration: SNAP Food Desert Percentages Aggregated by Census Tract

Aggregation has disadvantages that limit its usefulness for the pilot study. A potential
problem with data aggregation, particularly for the smaller geographic areas such as census
tracts, is dealing with small numbers of SNAP households in some of the areas. Census tracts
have about 4,000 residents on average. One might expect there to be several hundred SNAP
households in most census tracts, particularly in low-income areas. However, across a large
geographic area, there will likely be some census tracts with just a few SNAP households. If
data are reported for a census tract with a small number of SNAP households, it might be easy to
associate the data with particular households. In addition, there are issues of statistical reliability
with data from such small populations. Rates or proportions can be highly skewed and
misleading when the denominator is small.

Percent of SNAP Participants in
a Food Desert by Census Tract

(SNAP participant locations
are simulated)
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There are three methods for addressing issues of small numbers in aggregated data:

1. The most direct approach is to suppress the data when there are a small number of
households in a particular area. The suppression threshold value varies by agency and
application, but a threshold of 15 is often used because this can be shown to provide a
minimum acceptable value for the statistical reliability of rates and proportions.

2. Another method is to apply one of several spatial smoothing methods that combine
observations in neighboring areas when the numbers are small. We recommend a free
tool, Head-Bang, which is produced and distributed by the National Cancer Institute for
spatial smoothing of aggregated data.13

3. A third method is to apply a regionalization algorithm that will combine contiguous
regions with small populations until a given minimum population is present. We
recommend a free tool, REDCAP, produced and distributed by the Spatial Data Mining
and Visual Analytics Lab at the University of South Carolina, for regionalization.14

Another disadvantage of aggregation is that information about specific spatial patterns is
lost. Aggregated data give the illusion that the distribution of values within each geographically
depicted area is uniform, which is often not the case. In addition, when there is a notable change
between two areas, aggregation gives the illusion that the change occurs abruptly at the border
when, in fact, the change is usually gradual across the two areas. Another disadvantage is that
the visualization of the relationships between food desert locations, store locations, and the
characteristics of SNAP households in the area can be difficult to ascertain.

To avoid these problems, a map of specific point locations (a dot map like Figure V.6)
can be published, but with the individual points relocated within plausible boundaries using
geomasking (discussed in Chapter IV) to protect the privacy of SNAP recipients. Although there
are currently no tools to perform geomasking, the technique can be applied using a series of steps
within a GIS tool (Stinchcomb, 2004). In addition, Dr. Paul Zandbergen at the University of
New Mexico is developing a tool for geomasking that he plans to release as a free download for
use within ArcGIS Desktop. Dr. Zandbergen indicated that he expects an initial version of the
tool to be available by the spring or summer of 2012.

F. GIS LICENSING REQUIREMENTS

A contractor selected to develop a GIS food desert catalog for SNAP households would
use its own license for ArcGIS Desktop to develop the catalog, and then transfer the catalog to
FNS. For GIS tools, we understand that USDA has an enterprise license for ArcGIS Desktop
and will likely have licenses for Community Analyst. The internal deployment of an FNS
version of Community Analyst is currently under discussion. Thus, it is unlikely that additional
licensing will be needed for the core GIS tool set. Although ArcGIS Desktop is available to FNS
staff if needed or desired, we do not anticipate that its use is required. Assuming that a contract

13 “Head-Bang PC Software” at http://surveillance.cancer.gov/headbang/.

14 “REDCAP: Regionalization with Constrained Clustering and Partitioning” at http://www.spatialdatamining.org/software/redcap.
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is issued for the GIS processing needed to construct an initial SNAP food desert catalog, this
contract could specify that the contractor provide preliminary and final results in a secure Web
service environment such that FNS staff could review contract deliverables using simple Web-
based tools such as Community Analyst and ArcGIS Online. Although the final contract
delivery might include the geodatabase files and map documents that were developed by the
contractor in an ArcGIS Desktop environment, it is not necessary for FNS staff to manipulate
these files. However, the USDA enterprise license for ArcGIS Desktop does make it possible for
FNS staff to access these files if needed. Most other tools that we have recommended are free
software tools that run in a PC Windows environment.
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CHAPTER VI: MOVING FORWARD

We have outlined the basic parameters of a SNAP food desert catalog and recommend an
approach designed to take advantage of the unique opportunities that SNAP data and GIS tools
for a pilot study of SNAP food deserts. Following a decision to proceed to a pilot study, FNS
will need to make a number of related decisions:

 Select one or more geographic areas for developing food desert catalogs in the pilot
study. This is a function of resources available at FNS and the need to gain the
cooperation of States to supply the necessary data. Preferably, at least two areas would
be chosen to demonstrate the potential for scalability.

 Use SNAP food retailers only but consider differentiating between retailers by type using
at least two levels: 1) supermarkets/large groceries likely to carry a wide range of
healthy and affordable foods, and 2) all others.

 Decide on the modes of transportation (driving, walking, and public transit) to include in
each area selected, according to the characteristics of the area and the associated travel-
time buffers to measure accessibility from SNAP retailers (e.g., 10-15 minutes in
urban/suburban areas; 20-30 minutes in rural areas).

 Determine whether to use geomasking or just aggregated data when considering the
development of a public use version of the food desert catalog.

In terms of technical tools, we suggest developing the food desert maps using ArcGIS
Desktop. USDA has a site license for the software. Community Analyst, which FNS plans to
deploy for internal use, can serve as the primary tool for visualization, exploration, and analysis
of the SNAP food desert catalog. Due to some of the inherent limitations of Community
Analyst, we recommend considering additional data visualization and analysis tools. Possible
supplements to Community Analyst include Esri’s other Web-based mapping platforms or the
InstantAtlas product. We also recommend that FNS focus on the ability to depict SNAP food
deserts with variable boundaries (as opposed to geographically fixed boundaries) and the ability
to export the data for broader access into a Web- or server-based GIS application.

A. SELECTING A GEOGRAPHIC AREA FOR A PILOT STUDY

The selection of one or more areas for mapping SNAP food deserts is an important part
of the process. Consider the following points in choosing areas:

 Work with States that are interested in participating and are willing to provide the data.
 Select small or medium-sized metropolitan areas or smaller States with up to 150,000

SNAP households. Try to avoid selecting parts of an area (cities or counties) if doing so
would significantly limit coverage of natural food shopping patterns.

 Select areas that have diverse populations in race/ethnicity and other attributes (e.g.,
overall economic condition and employment levels) that roughly reflect the Nation.

 When possible, work with areas that are within the boundaries of a single State to ensure
data consistency.

 Select States that collect information on vehicle ownership on the SNAP application to
permit implementation of the drive-time buffers based on actual availability of a vehicle.
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Since this is a feasibility study, the focus of it need not be national, at least not in its
initial phase. Rather, the feasibility of an approach and the use of tools could be demonstrated
on a more limited scale, such as for a city, county, metropolitan area, or even a small State. For
purposes of a pilot study, we recommend that FNS focus on one or more limited geographic
areas to demonstrate the effectiveness of the approach, the usefulness of the primary GIS tool,
and associated GIS utilities.

Due to the effort associated with obtaining the State SNAP administrative data to identify
the household addresses of current SNAP households, we recommend working with one or
perhaps two States willing to cooperate. These might be States that have made some initial plans
regarding the use of GIS for reaching out to those in need of a variety of social services and that
would welcome the ability to cooperate with FNS in this demonstration. Other States might be
willing to participate in order to further the goals of research on food deserts. It would be
desirable to work with States that capture information on vehicle ownership to demonstrate the
full capability of the approach.

Furthermore, it might be beneficial to select from among areas that are sufficiently
diverse in population and the range of neighborhood characteristics so that they are roughly
comparable to the nation as a whole. For example, choosing an area that lacks sufficient
diversity in race/ethnicity, has little or no public transit, has very low levels of vehicle
ownership, or has unusually high or low levels of unemployment or SNAP participation might
not be appropriate for a pilot study.

The initial focus might be to select one or more locations—from among cities, counties,
metropolitan areas, or small States—that are typical of the areas of greatest focus for FNS policy
(e.g., an inner city urban area, a rural area, or perhaps one of each). The areas for initial
considerations should be large enough to demonstrate the capability of the approach to deal with
significant quantities of data and visual presentation, but not so large as to be challenging from a
technical or resource perspective. Based on national averages of SNAP participation, an area
with a population of 500,000 would have about 33,000 SNAP households, and therefore might
be the smallest area we would suggest. The largest area we would suggest is one about four
times larger, with a population of about 2 million, which would contain about 132,000 SNAP
households.

Subsequently, the locations for the demonstrations could be “scaled up” as needed to
include more areas and/or areas with larger SNAP populations. As the SNAP food desert catalog
matures, FNS could incorporate additional areas from different parts of the country to improve
the representativeness of the catalog. By comparing the salient population characteristics for the
areas included in the food desert catalog with the same characteristics for the entire United
States, we can see if there are any apparent gaps and add geographic areas to address them. For
example, it might be important to include rural areas so that there is a more representative
coverage of the population of SNAP households who live in rural areas. Figure VI.1 shows a
hypothetical comparison of salient population characteristics for areas included in the food desert
catalog and the same characteristics for the entire United States.
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Figure VI.1
Hypothetical Comparison of Coverage Of

SNAP Food Desert Catalog Areas to U.S. Metropolitan Areas

If there are significant differences for any particular characteristics, geographic areas that
would improve the comparison could be added for addition to the food desert catalog. For
example, it might be important to include rural areas so that there is a more representative
coverage of the population of SNAP households that live in rural areas. As an example of this
approach, it might be useful to consider the evolution of cancer surveillance registries in the
United States. In the 1970’s, the National Cancer Institute (NCI) launched the Surveillance,
Epidemiology, and End Results (SEER) program that funded the comprehensive surveillance of
cancer cases in nine geographic regions across the United States. Over time, the NCI/SEER
cancer surveillance areas were expanded to include better representation of particular population
subgroups of relevance (National Cancer Institute, 2012)

B. FUTURE OPTIONS

The methods used for defining accessibility to food retailers could be enhanced over
time. We recommend using a simple drive-time buffer for the initial implementation.
Depending upon the area or areas chosen for the SNAP food desert, travel time based on walking
could be essential to reflect the realities of the SNAP population. Ultimately, travel times by
public transit can be added for many metropolitan areas based on schedule and route information
that is available to a GIS accessible data services from local transit agencies.

Different types of stores (such as supermarkets, convenience stores, smaller grocery
stores and farmers’ markets currently not authorized SNAP Retailers) each could be assigned a
relative value (or weight) in terms of access to healthy foods. The proximity to retailers of all
types can then be combined into a relative value (or index value) for the overall accessibility of
health food. Dr. Kirk Goldsberry has constructed maps showing this option for Lansing, MI (see
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Figure VI.2).15 The first map in this figure shows the locations of different types of food retailers
(upper left). The second map shows the degree of accessibility to retailers by color. In this case,
it shows accessibility to retailers that carry various numbers of produce items, but it could be
adapted to an index for healthy or affordable foods, for example. The third map gives greater
weight (depicted by color) based on distance of store and its availability of produce.

Figure VI.2
Combining Types of Food Sources and Degrees of Access

15 Examples can be found in the Nutritional Terrain Atlas at http://geo.msu.edu/food/media.

Food retailers by type Total accessibility

Total accessibility weighted by type
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