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Abstract
Several spatial measures of community food access identifying so called “food deserts” have been
developed based on geospatial information and commercially-available, secondary data listings of
food retail outlets. It is not known how data inaccuracies influence the designation of Census
tracts as areas of low access. This study replicated the U.S. Department of Agriculture Economic
Research Service (USDA ERS) food desert measure and the Centers for Disease Control and
Prevention (CDC) non-healthier food retail tract measure in two secondary data sources (InfoUSA
and Dun & Bradstreet) and reference data from an eight-county field census covering169 Census
tracts in South Carolina. For the USDA ERS food deserts measure accuracy statistics for
secondary data sources were 94% concordance, 50–65% sensitivity, and 60–64% positive
predictive value (PPV). Based on the CDC non-healthier food retail tracts both secondary data
demonstrated 88–91% concordance, 80–86% sensitivity and 78–82% PPV. While inaccuracies in
secondary data sources used to identify low food access areas may be acceptable for large-scale
surveillance, verification with field work is advisable for local community efforts aimed at
identifying and improving food access.
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Introduction
Neighborhood characteristics have been shown to be associated with community food
access, which in turn can influence healthy dietary behaviors (Edmonds, Baranowski,
Baranowski, Cullen, & Myres, 2001; Moore, Diez Roux, Nettleton, & Jacobs, 2008;
Morland, Wing, & Diez-Roux, 2002). A number of studies have shown that low access to
healthier food outlets, specifically supermarkets, can contribute to poor diet quality, e.g.
lower intake of fruits and vegetables and higher intake of calories from dietary fat (Franco,
et al., 2009; Laraia, Siega-Riz, Kaufman, & Jones, 2004; Larson & Story, 2009).
Additionally, access to unhealthy food outlets, such as convenience stores and fast food
restaurants, also contributes to poor diet quality (Jago, Baranowski, Baranowski, Cullen, &
Thompson, 2007; Pearce, Hiscock, Blakely, & Witten, 2008).

Improving access to healthy and affordable food is an explicit goal of several federal and
state policy initiatives in the United States (US), including the Healthy Food Financing
Initiative (HFFI), a partnership of the Department of Agriculture (USDA), Department of
the Treasury (Treasury), and Department of Health and Human Services (DHHS) ("Health
food financing initiative (HFFI)", 2010). In addition, the Centers for Disease Control and
Prevention (CDC) ("CDC's State-Based Nutrition and Physical Activity Program to Prevent
Obesity and Other Chronic Diseases", 2011; "Communities Putting Prevention to Work",
2011) and a variety of state efforts, such as the Pennsylvania Fresh Food Financing Initiative
(FFFI) (Steenland, Henley, Calle, & Thun, 2004) have initiated several food environment
initiatives. In order to identify areas eligible for the federal support initiatives, several
agencies have developed spatial measures of community food access, including the USDA
Economic Research Service’s (ERS) food desert (FD) (Ver Ploeg, et al., 2009) and CDC’s
healthier food retail tract (HFRT) ("Children's Food Environment State Indicator Report",
2011; "State Indicator Report on Fruits and Vegetables, 2009", 2009). While the CDC’s
measure focuses on HFRT, the counterpart, non-healthier food retail tracts (NHFRT),
provide a measures of low access similar to the USDA’s FD.

Each of these measures of community food access was operationalized using geographic
information system (GIS)-based approaches (McEntee, & Agyeman, 2010; Hubley, 2011).
These approaches relied on different sources of secondary data to locate and classify retail
food outlets. For instance, USDA ERS used the database of stores authorized to receive
Supplemental Nutrition Assistance Program (SNAP) benefits and data from Trade
Dimensions TDLinx (New York, NY) in 2006 to define the FD ("Food Access Research
Atlas data download and current and archived version of documentation", 2013; "Food
Desert Locator documentation", 2011). CDC used the Dun & Bradstreet (D&B) data (Short
Hills, NY) for locations of supermarkets in 2007 to define HFRT ("State Indicator Report on
Fruits and Vegetables, 2009", 2009). In recent years, the validity of secondary retail food
data sources has been evaluated in different geographic settings in studies using ground-
truthed field census validation (Fleischhacker, et al., 2012; Powell, et al., 2011; Gustafson,
et al., 2012; Liese, et al., 2013; Liese, et al., 2010). The ground-truthed field census has been
considered as the gold standard for measuring food environment in such studies and the
validity measures were estimated for the secondary data sources. Although the findings were
inconsistent across studies, all those studies have consistently reported that secondary data
sources such as Dun & Bradstreet and InfoUSA (Omaha, NE) contain substantial amounts
of error, including undercounts and overcounts of outlets, geospatial inaccuracies, and
incorrect assignments of store types (Fleischhacker, et al., 2012; Gustafson, et al., 2012;
Liese, et al., 2013; Liese, et al., 2010; Powell, et al., 2011). Errors in these secondary data
may introduce bias into studies focusing on individual behaviors and also may affect policy-
level food environment indicators such as FD and NHFRT. To date, very little is known
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about how inaccuracies in secondary data sources may influence the designation of a Census
tract as an area of low food access.

The purpose of this study was to examine the variation in designation of low food access
areas due to data source inaccuracies and to quantify the magnitude and direction of the
inaccuracies. This study identified low access areas according to two agency-developed
community food access measures (FD and NHFRT), using two secondary data sources
(D&B and InfoUSA) and data from a validated field census.

Materials and Methods
Study area

The study area included eight contiguous counties in the Midlands of South Carolina (Figure
1). The area covers approximately 5,575 square miles and includes a population of more
than 720,000, which accounts for about 16% of the total population of South Carolina.
Geographically, according to the 2010 U.S. Census, this area includes 169 Census tracts.

Data sources
Field census on food outlets (reference data)—A field census of retail food outlets
that included direct observation and verification of all food outlets using geographic
positioning systems (GPS) was conducted from September 2008 to July 2009 (Liese, et al.,
2013; Liese, et al., 2010). The type of food outlet was assigned using a name-based
approach described previously (Liese, et al., 2010). For all listed food outlets, multiple team
members carefully reviewed NAICS codes to remove obvious type assignment errors and
then assigned the outlets based on the business name and local knowledge of the food retail
outlets to an outlet type. For outlets whose type could not be ascertained, Internet research
was conducted, and the outlets contacted by telephone. Newly discovered outlets were
assigned a type during ground-truthing. This verified dataset was considered the “gold-
standard” (and is referred to as the reference data) in the description of the replication of the
two measures of community food access.

Secondary data on food outlets—Two commercially-available secondary data sources,
D&B and InfoUSA, were used to designate Census tracts in the study area according to the
two measures of community food access, FD and NHFRT. Both datasets were from 2008–
2009 which matches temporally with the field census data and allows us to look at their
impact on the food access measures. The two datasets had been obtained in the context of
the study described above, i.e. immediately prior to the start of the field census (Liese, et al.,
2013; Liese, et al., 2010). Both data sources list businesses according to the North American
Industry Classification System (NAICS) ("North American Industry Classification System
(NAICS)", 2002) and include geo-coordinates of each outlet and other outlet information,
such as number of employees and sales volume. The NAICS codes were used to assign each
listed outlet to an outlet type as described previously (Liese, et al., 2010). For the purposes
of this analysis, only the NAICS codes 445110, 452910, 452990, and 453998, corresponding
to supermarket and grocery stores (including stores retailing a general line of food,
supercenters, and warehouse clubs), and code 445230, corresponding to green grocers, were
relevant.

US Census data—Population and demographic data were obtained from the U.S. Census
2010. Household income was obtained from Census 2010 American Community Survey.
Additionally, 1km × 1km gridded population data were obtained. These data were
downloaded from the Socioeconomic Data and Applications Center (SEDAC) hosted at
Columbia University (Seirup & Yetman, 2006; "Socioeconomic data and applications center

Ma et al. Page 3

Appl Geogr. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



at Columbia university", 2010). The details of how these data were used in the definitions of
the two community food access measures are described below.

GIS computation of community food access measures
We replicated two community food access measures (USDA ERS FD and CDC NHFRT)
sequentially using the three data sources, i.e., the field census, D&B and InfoUSA. This
allowed us to focus exclusively on the impact of the inaccuracies in the data sources on the
measures of community food access. Figure 2 illustrates the process of the GIS analyses, the
data sources, and a brief summary of the criteria used for identifying low access areas. The
algorithms were implemented using ESRI’s ArcGIS (version 10.0) software and related
extensions. We refer to the areas designated by each of the two measures (i.e. FD, NHFRT)
as low access areas.

In order to account for stores that lie just outside the boundaries of our study area, which
will give rise to so called edge effects, before the replication of each food access measure, a
10-mile exterior buffer corridor (grey area in Figure 1) was created around the study area in
ArcGIS, using two sources of readily available and existing but not ground-truthed data
(InfoUSA and the Licensed Food Services Facilities Database from the South Carolina
Department of Health and Environmental Control) (Liese, et al., 2010).

USDA ERS food deserts—According to the USDA ERS, a FD is defined as a low-
income Census tract where a substantial number or share of residents has low access to a
supermarket or large grocery store. This definition is informed by the USDA ERS report
Access to Affordable and Nutritious Food - Measuring and Understanding Food Deserts
and Their Consequences (Ver Ploeg, et al., 2009). A tract is considered as low-income if
≥20 percent of residents live below the poverty line, or the tract’s median family income is
less than or equal to 80 percent of the State-wide median family income, or the tract is in a
metropolitan area and has a median family income less than or equal to 80 percent of the
metropolitan area's median family income. A tract is considered to be low-access if at least
500 people and/or at least 33 percent of the Census tract's population reside more than 1
mile (for urban tracts) or 10 miles (for rural tracts) from a supermarket or large grocery store
("Food Desert Locator documentation", 2011).

First, we identified the low income Census tracts. Then, polygonal 1km × 1km SEDAC
population grids were used to evaluate distance to supermarkets or grocery stores. To
examine the distance, we converted the SEDAC grids to point data using a centroid
approach, retaining the SEDAC population estimates of all people living within each grid
cell (Seirup & Yetman, 2006). Distance from each SEDAC grid cell centroid to the nearest
food outlet was calculated in miles using Euclidean (straight-line distance) and network
(shortest street distance) approaches. For network distance, street centerlines from Streetmap
Premium (ESRI, 2011), based on commercial street centerline data from NAVTEQ and Tom
Tom, were used. Distances were calculated using the Network Analyst (ESRI, 2011)
extension for ArcGIS. Low access was evaluated differently according to USDA guidelines
for urban and rural areas. Urbanicity was determined by the intersection of tract centroids
with Census-designated urban areas. A tract was considered “urban” if its centroid fell
within an urban area; otherwise, the tract was considered to be “rural.” SEDAC population
data points located in low income tracts that exceeded a threshold distance of 1 mile (urban)
or 10 miles (rural) were summed within their corresponding tract boundary to obtain a total
population of low-access individuals. If the number of summed population in the low
income tracts was more than 500 people, or accounted for more than 33 percent of the
Census tract's population, the tracts were defined as FDs.
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CDC non-healthier food retail tracts—In CDC’s 2009 State Indicator Report on Fruit
and Vegetables ("State Indicator Report on Fruits and Vegetables, 2009", 2009), the
percentage of a state’s Census tracts supporting healthier food choices was used as an
indicator to quantify access to fruits and vegetables in the neighborhood. This measure
defines a Census tract as being healthier based on availability of healthier food retailers (e.g.
supermarkets, large grocery stores, warehouse clubs and fruit and vegetable markets) located
within the tract or within a half-mile buffer surrounding the tract boundaries. In order to
make it comparable to the USDA ERS food desert measure, we used the logical counterpart
to the healthier tract, the NHFRT. The NHFRT was defined as a tract without any healthier
food outlets within the tract or within a 0.5 mile buffer surrounding the tract boundary.
Counts of food outlets were determined using a spatial join between the tract buffers and
food outlets.

Statistical analysis
The Census tract was the unit of analysis. First, we described the number and percentage of
low access tracts identified using the methodology outlined above applied to the reference
data, D&B, and InfoUSA. Subsequently, we estimated the influence of inaccuracies in the
secondary data on the ability to identify Census tracts with low and non-low food access by
using common accuracy statistics. These included the count of agreement on low access
areas (+agree), count of agreement on non-low access areas (− agree), count of disagreement
(disagree), percentage of concordance, sensitivity, specificity, positive predicted value
(PPV), and negative predicted value (PPV). In this study, statistics below 30% were
considered poor, 31–50% fair, 51–70% moderate, 71–90% good, and over 90% excellent.
This classification method has been used in several studies (Paquet, Daniel, Kestens, Leger,
& Gauvin, 2008). We calculated 95% confidence intervals (CI) for each of these proportions
by approximating the binomial distribution with a normal distribution. Statistical analyses
were conducted using Stata (version 11.0, College Station, TX).

Results
The number of food outlets by type is shown according to data source in Table 1. The
reference data (field census) identified fewer supermarkets and fruit and vegetable markets
but more supercenters than listed in either secondary data source. It also included outlets in
the categories warehouse club and large grocery store, which were not distinguishable in the
secondary data sources because of lack of specific NAICS codes.

Compared to the reference data, D&B data identified fewer tracts as low access for USDA
ERS FD (D&B: 11 tracts, InfoUSA: 15 tracts vs. reference data: 14 tracts out of the 169
tracts) (Table 1). For the CDC NHFRT, using either secondary data source to identify areas
with low access yielded very similar results to the reference data.

Table 2 shows the ability of the secondary data sources to correctly identify areas designated
as low access and as non-low access compared to the reference data. USDA ERS FD
showed excellent overall geographic concordance between each of the two secondary data
sources and the reference data (93.5%). The concordance of the CDC NHFRT was good but
somewhat lower for both D&B and InfoUSA data (87.6%–90.5%). For both community
access measures, the secondary data sources identified fewer areas with low food access
than the reference data, i.e., sensitivities were below 90%. For example, using either
secondary data source, the CDC NHFRT measure would have missed about 15% to 20% of
existing low access tracts in the study area, according to the reference data. The USDA ERS
FD measure would have missed 35% of low access areas using InfoUSA data, but 50%
using D&B data. Specificities were very high and ranged from 90.8% to 97.4%. The PPV
values were close to 80% for NHFRT for both data sources, which implies that about 20%
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of areas designated as low access by a secondary data source were not low access according
to the reference data. The PPV for FD were moderate (60.0%–63.6%), which means that
about 40% of areas designated as FD by a secondary data source were not FD according to
the reference data.

Discussion
In this study, secondary data sources such as D&B and InfoUSA, identified a similar
number of low food access areas compared with field census data; however the low food
access areas were not the same across different data sources. A much lower percentage of
Census tracts were designated as low food access areas by USDA ERS FD definition than
by CDC NHFRT definition. Compared to reference data, secondary data sources had good
to excellent concordance for both FD and NHFRT, and had moderate sensitivity and PPV
for FD, and good sensitivity and PPV for NHFRT.

Epidemiological studies have relied on commercial secondary databases such as D&B and
InfoUSA to measure food access (McKinnon, Reedy, Morrissette, Lytle, & Yaroch, 2009).
Likewise, government agencies have utilized secondary databases to develop community
food access measures ("Children's Food Environment State Indicator Report", 2011; "Food
Desert Locator documentation", 2011; "State Indicator Report on Fruits and Vegetables,
2009", 2009; Ver Ploeg, et al., 2009). While we have previously reported that secondary
databases (i.e., D&B, InfoUSA, and the Licensed Food Services Facilities Database from the
South Carolina Department of Health and Environmental Control) were more likely to
undercount food outlets and have geospatial inaccuracies compared to our reference data
(Liese, et al., 2010) (Liese, et al., 2013), the effect of these inaccuracies on the identification
of low access areas as defined by policy-relevant measures of community food access has
not been evaluated. In the present study, we found that using D&B tended to identify fewer
low food access areas than our reference database for USDA ERS FD. Moreover, using
either secondary data source did not consistently lead to the identification of the same tracts
as low access areas. We used the same GIS algorithm and Census data when identifying
each community food access measure for secondary databases and reference data. Therefore,
any differences observed are the result of differences in the count and geographic accuracy
of secondary data listings of supermarkets and large grocery stores (and fruit and vegetable
markets for NHFRT). The under-ascertainment of low access areas is likely attributable to
the geographic inaccuracies of secondary databases and the undercount of food outlets
(D&B 24% and InfoUSA 29%) (Liese, et al., 2010).

Even though D&B and InfoUSA located almost the same number of NHFRTs as the
reference data, these NHFRTs were not geographically identical. Less than 90%
concordance was obtained between these two secondary datasets and the reference data.
Both sensitivity and PPV were approximately 80% for the secondary databases. According
to the results of this study, using secondary data sources without validation would introduce
errors in both directions when identifying NHFRTs. Compared to USDA FD, NHFRT was
based solely on food outlet data and not Census data. Thus, the accuracy of NHFRT
designations was only dependent on the accuracy and validity of the food outlet database.
All the errors in the database would be transferred into the designation of NHFRT.

Based on this study, using InfoUSA resulted in higher sensitivity when identifying FD
compared to D&B. In our previous study, compared to the reference data, InfoUSA and
D&B had similar sensitivity (71% and 76%, respectively) when identifying supermarket and
grocery stores (Liese, et al., 2010). Therefore, the relatively low sensitivity for identifying
FD with D&B (50.0%) versus with InfoUSA (64.3%) could not be fully explained by
inaccurate counts of food outlets in the databases. In our recent study, considering errors in
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both count and type of food outlet, we stratified our validity analysis by income and poverty
and found that D&B was more likely to undercount supermarkets and grocery stores in low-
income and poor areas (Liese, et al., 2013). According to USDA ERS’s definition, all FDs
were low-income areas. Therefore, it is likely that using D&B supermarket and grocery store
listings for low income areas led to a differential (disproportional) under-ascertainment of
FD. In general, under-ascertainment of areas with low food access was a somewhat more
pronounced problem, especially for the USDA ERS FD measure, than incorrect assignment
of high food access areas to be low food access areas.

It is important to recognize that both the USDA ERS and the CDC have published
information designating US Census tracts as low access areas at the Census tract level in the
2011 Food Desert Locator and at the state level in the State Indicator Report on Fruits and
Vegetables ("State Indicator Report on Fruits and Vegetables, 2009", 2009) based on Census
2000 data. Applying the exact same time points and methods as the federal agencies, we re-
analyzed our results using Census 2000 boundaries (results now shown). According to the
agencies’ reports, 23 and 31 tracts have been designated as FD and NHFRT in this study
area, respectively ("Food Desert Locator documentation", 2011; "State Indicator Report on
Fruits and Vegetables, 2009", 2009). For USDA ERS’s FD, the tracts identified by the
agency outnumber those identified by any of the three data sources in this study. However,
the CDC’s report lists far fewer tracts than were identified by either secondary data source in
this study. USDA ERS used TDLinx and SNAP data in 2006 to identify the FDs in the 2011
Food Desert Locator ("Food Desert Locator documentation," 2011). The different food
outlet databases might be the reason for the different number of FDs. However, we did not
have access to the original secondary data utilized by USDA ERS. Our results suggest that it
may be worthwhile to conduct a formal evaluation of the accuracy of the specific secondary
data sources used by the USDA ERS food desert measure. In this study, the findings related
to D&B are directly applicable and informative for the CDC’s NHFRT, because D&B data
were used in the original CDC publication ("State Indicator Report on Fruits and
Vegetables, 2009", 2009). However, we identified many more NHFRTs, even using the
same secondary database (D&B), possibly because we used data for a more recent year. In
this study, a 10-mile buffer area was added around the study area; however, the number of
NHFRT was not changed after removing the buffer area. We have tried to replicate the
algorithms used by the two agencies to designate low food access areas; however, there are
some proprietary aspects of the algorithms. Thus, even though the agencies published the
general method, the datasets used as inputs (including the date of each dataset), and possibly
some other GIS analysis settings cannot be known and replicated.

There were several strengths of this study. This study is the first to replicate the two agency
standard food access measures using different food outlet data sources, and to examine the
influence of the accuracy of the databases on the ability to identify Census tracts as having
low food access. In addition, the reference database, field census data, was the most
comprehensive effort of its kind to date. Moreover, we examined the two community food
access measures which are most widely used to identify low food access areas by US
government agencies, and used the two secondary food outlet databases, D&B and
InfoUSA, most commonly used in epidemiological studies.

The results of our study should be interpreted in light of several limitations. First, in order to
estimate the food access for residents living at the edge of the study area, we added a 10-
mile buffer around the study area using the combination of InfoUSA and SC DHEC data.
Because of this, not all food outlets in the reference data were spatially verified by field
census. However, the buffer area was small compared to the whole study area and used the
combination of two secondary databases to increase the sensitivity of identifying food
outlets of interest (Liese, et al.). Second, some food outlets may be listed in the secondary
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databases but under an NAICS code that we did not request (e.g., code 446191 − food/health
supplement stores). However, the number of such food outlets should be very small. Third,
we replicated the algorithms of identifying each community food access measure based on
the descriptions from the documentations published by the agencies.

Conclusions
Our results suggest that Census tracts identified as having low food access vary substantially
depending on the secondary data source used and the particular community food access
measure chosen. The amount and direction of error introduced due to using secondary data
sources is not acceptable to designate the USDA ERS FD and is probably acceptable to
designate the CDC NHFRT if these community food access measures are used for large-
scale surveillance purposes, e.g., to estimate the size of populations or areas with low food
access. However, if these measures are to be used to identify specific areas in need of
intervention by local stakeholders or community efforts, information from secondary data
sources probably should be verified by field work.
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Highlights

• We replicated two US food access measures comparing results from two
commercially available data sources with field census data.

• Low food access areas vary substantially depending on secondary data sources
used.

• Verification of secondary data with field work is advisable for community
efforts.

Ma et al. Page 11

Appl Geogr. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
South Carolina Study Area
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Figure 2.
Dataflow diagram for identifying two community food access measures
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Table 1

Number of food outlets & Census tracts designated as low access according to community food access
measure and data source

Field Census D&B InfoUSA

Food Outlets in the Study Area, N

  Supermarket 81 89 82

  Supercenter 13 1 0

  Warehouse Clubs 1 -- --

  Large Grocery Store 7 -- --

  Fruit and Vegetable Market (Green Grocers) 6 11 17

Food Outlets in the Study Area with 10-Mile Buffer, N

  Supermarket 167 174 167

  Supercenter 19 7 6

  Warehouse Clubs 1 -- --

  Large Grocery Store 7 -- --

  Fruit and Vegetable Market 6 11 17

Identified Low Food Access Areas, N (%)

  Food Desert Tracts* 14 (8.3) 11 (6.5) 15 (8.9)

  Non-Healthier Food Retail Tracts* 49 (29.0) 51 (30.2) 50 (29.6)

--: No NAICS codes for those categories in D&B and InfoUSA.

*
: The food access measures are defined for Census tracts. There are 169 Census tracts in the study area.
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