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Abstract

Access to healthy foods has received increasing attention due to growing prevalence of obesity
and diet-related health conditions yet there are major obstacles in characterizing the local food
environment. This study developed a method to retrospectively characterize supermarkets for a
single historic year, 2005, in 19 counties in 6 states in the USA using a supermarket chain-name
list and two business databases. Data preparation, merging, overlaps, added-value amongst various
approaches and differences by census tract area-level socio-demographic characteristics are
described. Agreement between two food store databases was modest: 63%. Only 55% of the final
list of supermarkets were identified by a single business database and selection criteria that
included industry classification codes and sales revenue >=$2 million. The added-value of using a
supermarket chain-name list and second business database was identification of an additional 14%
and 30% of supermarkets, respectively. These methods are particularly useful to retrospectively
characterize access to supermarkets during a historic period and when field observations are not
feasible and business databases are used.
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INTRODUCTION

Factors related to access to healthy foods have received increasing attention due to growing
prevalence of obesity and other diet-related health conditions. A recent U.S. review on this
topic concluded that neighborhood residents tend to have healthier diets, including higher
intakes of fruits and vegetables, and lower rates of overweight and obesity, when they have
better access to supermarkets (Larson et al., 2009). Many studies have characterized healthy
food access based on the types of stores available. Supermarkets offer a wide variety of
unhealthy foods but appear to be relatively good proxies for availability of healthy food
because compared to other grocery stores they tend to offer a larger volume of healthy
choices and prices are often lower (Andreyeva et al., 2008; Ellickson and Misra, 2008;
Franco et al., 2008). Nevertheless, important questions remain regarding the impact of the
local food environment (or supermarkets in particular) on diet and related conditions in part
due to major obstacles in obtaining valid measures of the local food environment.

There are multiple ways to identify locations of food retailers and supermarkets in particular
including field observations, lists of food licenses from local departments of health or
agriculture, or national lists compiled by commercial entities. Outside the U.S., government
food license databases(Pearce et al., 2008) or field observations(Macdonald et al., 2011)
have primarily been used although lists compiled by commercial entities may be improving
and thus could become useful to health researchers (Bisnode, 2011; D&B, 2011a).

Food environment field audits are not possible for characterizing food establishments during
historic periods and are typically impractical for characterizing establishments in very large
regions. In the U.S., the most feasible approach for identifying supermarkets for very large
regions and for historic time periods, is to use commercially compiled lists (Ver Ploeg et al.,
2009). Most large-scale U.S. health studies examining food environment and health have
used one of two business databases: Dun & Bradstreet (D&B, 2011b) and InfoUSA (Glanz,
2009; InfoUSA, 2011; Powell et al., 2007b). Businesses register with these companies in
order to obtain a tax identification number and in this process they are assigned an industry
classification code based on their primary activity (generally the activity that generates the
most revenue for the establishment) (D&B, 2011c). The commercial database company
compiles additional information on each business location using information that the
business establishment provides on surveys, census forms, or administrative records.(US
Census Bureau, 1993, 2011a) In the absence of direct observation, researchers purchase
commercial databases and rely on industry classification codes to identify food stores;. A
couple of studies have used a diversity of methods and study designs to examine the
agreement between supermarkets on business lists vs. those observed in the field and found
moderate (around 40% or higher (Powell et al., 2011)) to high agreement (about 80% (Bader
etal., 2010; Liese et al.)). Commercial databases are prone to error due to companies’
reporting bad or obsolete data, or misunderstanding questions (especially industry
definitions), or clerical errors(Evans, 1987; Hoehner and Schootman, 2010). Nevertheless,
data constraints have driven public health researchers to continue to rely on these databases
to characterize the retail food environment (Liese et al., 2010; Michimi and Wimberly,
2010; Powell et al., 2007a; Powell et al., 2007Db).

Some have called for using multiple data sources in order to supplement incomplete
business directories (Forsyth et al., 2010; Ver Ploeg et al., 2009). However, many
researchers only use a single business directory (Black et al., 2010; Franco et al., 2009; Li et
al., 2008; Moore and Diez Roux, 2006; Neckerman et al., 2010). Due to the dominance of
large corporations in the supermarket sector, a number of previous studies have tried to
improve supermarket identification by using a list of chain-name supermarkets. However
details are often lacking on the origin of these lists (for example: (Hoehner and Schootman,
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2010; Moore and Diez Roux, 2006; Moore et al., 2008a; Moore et al., 2008b; Morland et al.,
2002; Rundle et al., 2009; Smiley et al., 2010)). With the exception of a few studies,(Liese
et al., 2010; Moore and Diez Roux, 2006; Rundle et al., 2009) researchers have published
little information on the origin of supermarket chain-name lists, algorithms for data
identification, or the contribution of one supermarket identification approach versus another.

This study responds to the call from expert panels for transparency in data compilation and
improved data classification in order to accelerate knowledge acquisition and improve food
environment study comparability (Story et al., 2009). This study details issues that arise
when deriving a supermarket directory for a large region in the U.S. for a historic time
period. The study describes methods for preparing and combining two commercial datasets
and examines overlaps and added-value amongst various ways to identify supermarkets.
Differences in datasets by area-level socio-demographic characteristics are also assessed.

This work is part of a larger study that is characterizing food environments during a 10 year
period (2000-2011) for participants in the Multi-Ethnic Study of Atherosclerosis (MESA)
(Bild et al., 2002). This study developed a method of identifying supermarkets for a single
historic year, 2005, which will subsequently be applied to other years to characterize food
environments for the cohort. This study area includes 19 counties in 6 states: California (Los
Angeles and Orange); Illinois (Cook and DuPage); Maryland (Baltimore, Howard, Carroll,
and Baltimore City); Minnesota (Ramsey and Washington), North Carolina (Forsyth,
Davidson, Davie, Yadkin, and Stokes); New York (Manhattan, Bronx, Queens, and Kings).
In total, this area included 7008 census tracts and 11,408 square miles (29,546.584
kilometers).

Year 2005 food store databases were obtained from two business databases.

Nielsen/TDLinx Retail Site Database (TD)—The Nielsen/TDLinx’s Retail Site
Database (TD) uses the Food Marketing Institute definition of a supermarket: stores selling a
full line of food products and generating at least $2 million in yearly revenues (Nielsen
Company, 2008; Progressive Grocer, 2011). The registry is updated twice per year. These
data are widely used by marketing firms, food manufacturers and media including
Marketing Guidebook and Market Scope publications and Progressive Grocer. Nielsen does
its own research to catalogue stores as supermarkets and does not rely on US Census
industry classification codes. This study purchased 3002 supermarkets which included the
following categories: conventional supermarkets (e.g., Albertsons, Food Lion); limited
assortment supermarkets which carry most grocery products but have less variety than
conventional supermarkets (e.g., Whole Foods, Trader Joes) and may display their items in
cardboard shipping boxes (e.g., Save-A-Lot, Aldi Food Store); warehouse supermarkets
(e.g., Cash & Carry, Smart & Final); and supercenters (e.g., SuperTarget Center, Wal-Mart
Supercenter).

A supermarket “chain-name list”was derived from a frequency of names in the TD data for
use later in analyses. In order to maximize the sensitivity of the list, we pooled data from
two years (2000 and 2005) in generating this list. Chains have been defined as a grouping of
at least 10 (Nielsen Company, 2008) or 11 stores (Merrefield, 1998). For this study, we
lowered the definition slightly reflecting that there will be fewer stores in our study area than
the nation. If the name was repeated in at least 8 distinct locations in TD it was added to the
chain name list which resulted in a supermarket chain-name list of 161 names (AKA
“supermarket chain names”).
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Dun and Bradstreet - National Establishment Time Series (NETS)—The second
database was the National Establishment Time Series (NETS) database from Walls &
Associates(Walls & Associates, 2010) who, each year convert Dun and Bradstreet (D&B)
archival establishment data into a time-series database. Data in each business included
standard industry classification code (SIC)(US Census Bureau, 2011b), company name,
trade name, sales revenue, and employee size. SIC codes are very similar to North American
Industry Classification System (NAICS) and were used by this study in order to compare to
previous work that used SIC codes (Moore and Diez Roux, 2006). The parent study
purchased 110,917 food and drink related businesses including SIC codes 5411 [Grocery
Stores], 5421 [Meat and Fish Markets], 5431 [Fruit and Vegetable Markets], 5441 [Candy,
Nut, and Confectionary Stores], 5451 [Dairy Product Stores], 5461 [Retail Bakeries], 5499
[Miscellaneous Food Stores], 5812 [Eating Places], 5813 [Drinking Places], and 5921
[Liquor Stores]. This study further classified records as SIC “grocery or supermarket” using
SIC 54110000 (Grocery Stores), 541101 (Supermarkets), 54119900 (Grocery Stores, nec),
54119901 (Cooperative food stores), 54119904 (Grocery stores, chain), and 54119905
(Grocery stores, independent). Due to concerns with relying on SIC codes alone to classify
stores as supermarkets, this study identified supermarkets in NETS by combining various
criteria. Supermarkets were defined as businesses that had a “grocery or supermarket” SIC
code and had sales revenue =$2 million or employed =25 persons. Employee size has been
used in prior studies because sales revenue is sometimes not available or is unreliable
(Evans, 1987; Moore and Diez Roux, 2006; Rundle et al., 2009). A suitable cut-point (=25
employees) was determined from the observed distribution of chain-name supermarkets. In
addition food/drink stores and eating places whose company name or trade name was on the
“supermarket chain-name list” were also classified as supermarkets regardless of their SIC
code.

Census data—American Community Survey 5-year census tract data for 2005-2009 (US
Census Bureau, 2010) were used to describe the areas where supermarkets were located.
Census tracts were classified as high poverty if 230% of households had incomes under the
poverty threshold (for reference, in 2009 14% of US households were poor), mid-high
population density defined as =1000 persons per square mile (1 square mile is 2.6 square
kilometers, U.S. average in 2010 was 84.4 persons per square mile), and high proportion of
minority residents defined as <40% of residents in the tract were non-Hispanic White (U.S.
proportion in 2010 was 64%). These cut points approximated the median value in our
sample and/or approximate definitions that have been used by others (Jargowsky, 1997;
Moore and Diez Roux, 2006; US Census Bureau and Bishaw, 2011).

Each dataset was prepared for merging by cleaning the data, standardizing supermarket
names, applying the supermarket chain-name list, and exploring the added value of using
other criteria (sales revenue, number of employees, and chain name list) for supermarket
identification. The process for merging/comparing the two supermarket data sources is
described below. Finally, analyses were performed to compare the datasets by demographic
characteristics of areas.

Preparing the data for merging—Extensive work was done to clean the data; this work
was primarily performed on the NETS database because the TD database had minimal
irregularities. Duplicates were removed from NETS (n=1691, 1.5% different unique
identifiers were found for the same name and location) and company headquarters were
eliminated since they do not provide direct services to the public (n=1796, 1.6%). Word lists
for synonyms, spelling irregularities, and exclusions were written and iteratively refined.
Examples of words from the synonym list are: ‘ALDI INC’ and ‘ALBRECHT
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DISCOUNT’, ‘RALPHS MARKET’ and ‘RALPHS FRESH’; examples of words from the
spelling variants list are: ‘BILO’ and ‘BI-LO’, ‘SAFEWAY” and ‘SAFE WAY’; examples
of exclusion words are: AUTOMOBILE, DESIGN, MEDICAL. All records were geocoded
using TeleAtlas EZ-Locate web-based geocoding software (Tele Atlas, 2011; Zhan et al.,
2006); 99% of establishments in both databases were geocoded to the street level.

Matching name and location—The agreement between the two databases was
investigated by comparing the 3002 supermarkets identified through TD to 2962
supermarkets identified through NETS. We first investigated the extent to which businesses
in both databases matched in geographic location and then matched by name. Geographic
location matching used the following location match categories: “excellent” (or perfect) was
defined as building number and street address match, “good” was defined as <0.001 mile
(1.6 meter) distance between latitude/longitude, and “fair” (or poor) defined as >0.001 mile
and <0.30 mile (<483 meters) distance between latitude/longitude. In the fair/poor category,
only 24 records were 0.001-0.01 miles, 19 were 0.01-0.1 miles and only 12 were between
0.1-0.3 miles. The cut point of <0.30 miles has been used by others (Ver Ploeg et al., 2009)
and results were almost identical to a cut point of <0.50 miles [80 meters]. Name matching
used an algorithm that calculated the asymmetric spelling distance score between records
(the SAS SPEDIS function, details are provided elsewhere (Gershteyn, 2000; Roesch,
2011)). The possible range of spelling distance scores was 0-100 with lower scores
indicating smaller spelling distance thereby a better match. A score of 10 was used by others
as the cut point for good spelling distance(Gershteyn, 2000) but there is no agreed upon
standard. For this study, cut-points were defined after examining the empirical distribution
of the score and manual inspection. Three categories were defined as perfect or “excellent”
0-<15, “good” >15 —<45, and “fair” (or poor) >45-100. Records that had “good” or “fair”
name match scores were manually inspected. (See Table 1 and the table footnotes for the
combinations of acceptable matches.) Percent agreement was used to describe the agreement
between supermarkets identified in NETS vs. in TD. Finally, census tract information was
used to describe the areas that the stores were located in and to examine whether census
characteristics differed for the two databases.

Supermarkets identified via TD or NETS

Among the 3002 TD records purchased for this study, TD classified 85% as conventional
supermarkets, 11% as limited assortment supermarkets, 3% as warehouse clubs, and 1% as
supercenters. Chain supermarket companies dominated the supermarket retailers: 75% of
TD supermarket locations were operated by one of the 161 companies that had at least eight
outlets.

Among the 107,430 NETS records (unduplicated and non-headquarters), 18,886 (17.6%)
had a SIC code indicating that they were a grocery store or supermarket. Among those, 2454
(13%) met at least one of the supermarket criteria of annual sales volume of $2 million or
more, 25 or more employees on the annual payroll, or the store name was on the chain-name
list (Figure 1). Most of these met the sales criteria (83% out of 2454). The employee size
criteria added little over and above sales; <1% of the 2454 supermarkets were added-in via
employee size. The chain-name list criteria made a fairly substantial contribution to
supermarket identification. A total of 413 supermarkets out of the 2454 (16.8%) were
identified via the chain-name list. Utilizing the chain-name list criteria, 84 supermarkets
were also added-in that did not have a grocery store or supermarket industry classification
code. For example, “Publix Supermarket”, “Whole Foods Market” and “Trader Joes” were
large stores that were identified via the supermarket chain-name list criteria (not via industry
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classification code) because they often had industry classification descriptors of “Retail
Bakery” or “Miscellaneous Food Store” (see details in Supplement Table 2).

Based on the criteria described above, 3002 supermarkets were identified in the TD database
and 2454 supermarkets were identified in NETS. Table 1 shows name/location matches
between NETS and TD. Of the 3652 supermarkets identified by either database, overall,
62% had excellent or good location agreement (1571+686) and 57% had excellent or good
name agreement (1870+203). A total of 690 TD supermarket locations did not match any
NETS supermarket name/location. A total of 650 NETS supermarkets did not match any TD
supermarket name/location. (See Figure 1 and also Supplement Table 3 for examples of the
unmatched stores that were included in the final file.) Finally, another 424 supermarkets in
NETS were identified by matching location and name NETS records without a grocery or
supermarket SIC code to a TD supermarket location and name.

Final supermarket list

Census data

Table 2 shows the final tally of 3652 supermarkets by database and criteria of inclusion. The
percent agreement between the two databases was 63% (2312/3652) leaving 1340 (37%) of
all records in either database but not both. If only industry classification codes and sales
volume criteria had been utilized, only a bit over one-half of total supermarkets would have
been identified (2024/3652=55%). Supplementing industry classification codes and sales
volume with a supermarket chain-name list, resulted in identification of an additional 497
supermarkets (14%) or combined 69% of all supermarkets identified ([2024+413+84]/3652).
Supplementing this information with a second business database, TD, identified another
12% of supermarkets (n=424, these records were in NETS but not identified through SIC
codes or names on the chain name list but were included in the TD database as
supermarkets). Finally, using the supermarket list from TD, another 19% of stores were
identified (n=690, stores that were not in NETS at all). In sum, the added-value of a second
business database (TD) was identification of another 30% of supermarkets ([424+690]/
3652).

Table 3 shows that 13% of census tracts the study area were very poor (census tract poverty
density =30% of households); 39% had fairly high population density (defined as >1000
persons per square mile); and about half had a high proportion of minorities (defined as
<40% of residents were non-Hispanic white). TD supermarkets and NETS supermarkets
were located in census tracts that were similar to each other on these dimensions.

DISCUSSION

This study developed a method to characterize supermarkets for a single historic year, 2005,
in 19 counties in 6 states using a number of variables from two business databases as well as
a supermarket “chain-name list”. This study provides evidence of the added-value of using
multiple data sources to identify supermarkets. Agreement between the two food store
databases was modest (63%) indicating that a single business database is unlikely to provide
a complete inventory of supermarkets. Using criteria most often employed in public health
research to identify supermarkets — a combination of industry classification codes and sales
revenue =$2 million — only 55% of the final list of supermarkets would have been identified.
The added value of a supermarket chain-name list was that it identified an additional 14% of
supermarkets on the final list. The added-value of a second business database (TD) was
identification of another 30% of supermarkets.
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In sum, this study suggests that using multiple criteria and datasets will improve
retrospective characterization of supermarkets during a historic period; these methods are
particularly useful when field observations are not feasible and when using business
databases. While it is improbable that measurement error in characterizing food stores will
ever be completely eliminated, use of certain methods -- such as using multiple attribute
fields, multiple databases, and a chain-name list -- may reduce measurement error. It is rare
for researchers to use multiple classification methods or datasets to classify supermarkets.
To distinguish U.S. supermarkets from other food stores, previous studies primarily used
commercial databases and identified supermarkets using industry classification codes or
either sales or employee size (Block and Kouba, 2006; Kowaleski-Jones et al., 2009; Liese
et al., 2010; Michimi and Wimberly, 2010; Powell et al., 2007a; Powell et al., 2007b; Wang
et al., 2006; Wang et al., 2007). A few studies used a combination of multiple criteria:
classification code, sales and/or employees, and chain name (Moore et al., 2008a; Rundle et
al., 2009) and a few studies used multiple databases (Hoehner and Schootman, 2010;
Kowaleski-Jones et al., 2009; Liese et al., 2010; Rundle et al., 2009; Ver Ploeg et al., 2009;
Wang et al., 2006). In our study, there was significant overlap in supermarket identification
when using sales revenue =$2 million and employee size >25; 90% of records with high
sales also had high employees. Thus, in future work if sales is not available, employee size
may be an adequate proxy for sales.

A number of previous studies mentioned that they used some sort of supermarket chain-
name list but details on the list were largely absent (Hoehner and Schootman; Moore and
Diez Roux, 2006; Rundle et al.). Chains increasingly dominate retail food shopping and
chains and non-chains may be quite different in the breadth of their products and in their
prices so it could be beneficial to differentiate supermarket subtypes. A systematic method
for developing a name list -- that can be used to improve supermarket identification and also
differentiate chain from non-chain -- can be done following what was done in this study: by
examining high-frequency store names within a food store database (provided that the
names are standardized and that the dataset is large enough such that frequencies are
meaningful).

Chain stores may be more common in high income and non-minority communities (Chung
and Myers, 1999; Powell et al., 2007b). Our study used chain name as another tool for
supermarket identification, thus sensitivity of stores may have been higher in more
advantaged commuhnites. We examined whether supermarket identification by database
differed according to whether the tract was poor, densely populated, or had a high
concentration of non-White residents; on average no differences were found although
aggregation of the data could potentially have masked local differences.

Because our objective was to identify supermarkets for a historical time period and over a
large region, we had no way of validating the commercial database. Results assumed that
validity increased when multiple databases were merged however, without a “gold standard”
we cannot prove that this was the case. The current study’s use of two data bases likely
resulted in higher sensitivity but this may have occurred at the expense of specificity. A
small handful of validation studies have been done that utilized D&B data (Hoehner and
Schootman, 2010; Liese et al., 2010; Powell et al., 2011). Criteria used to define a
supermarket in D&B varied across studies and validity of data may change depending on
study location among other factors. One study in the St. Louis region study estimated that
after merging/appending one commercial food store database to another, sensitivity of
identifying a food store may rise from <40% up to 90% (Hoehner and Schootman, 2010). A
validation study of food stores in North Carolina found food stores about twice as likely to
be undercounted as opposed to being over-counted (closed or otherwise not in existence)
(Liese et al., 2010). However, a recent validation study by Powell et al was less conclusive
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regarding the directionality of the errors. The study was conducted in a large metropolitan
area in the U.S., examined agreement between supermarkets identified in a field audit vs.
those identified by industry classification codes in the commercial database D&B.
Depending on the stringency of matching criteria, both sensitivity and specificity of
supermarkets both ranged from about 40%-70% (Powell et al., 2011).

In the present study, specificity was aided by having to fulfill multiple industry classification
code criteria to qualify as a supermarket and extensive work was performed to guard against
duplication of records: careful data merging/matching, automated de-duplication procedures,
and manual inspection. If over-counting occurred, we speculate it may have occurred among
D&B records that did not match the TD data: a portion of the 650 [18%] of total
supermarkets identified. D&B is a huge database with wide breadth in the diversity of
establishments while the TD list is a relatively small list that is primarily compiled to
support in-depth large company profiles (Nielsen Company, 2008) so validity may be
somewhat higher. In summary, we must consider the possibility of both over- and under-
identification errors and absent validation, there is no way of confirming where the largest
problems occurred.

Groceries are increasingly being sold in non-traditional venues such as drug stores, gas
stations, discount department stores or mass merchandise/dollar stores. Approximately 15%
of supermarkets are limited assortment, warehouse, or supercenters (according to TD
classifiers). Unfortunately, these non-traditional food venues are hard to identify via industry
classification codes since they do not tend to be in the “grocery/supermarket” classification
category. A recent study that compiled food store/restaurant data for 8 counties added-in
industry codes for a number of non-traditional venues including discount stores, warehouse
clubs, supercenters, and other general merchandise stores (Liese et al., 2010). If we had
purchased all businesses for the regions and years of our study, D&B data may have been
more complete, a greater proportion of TD supermarkets may have matched the NETS data
and then the added value of TD supermarkets may lessened; however, the costs of adding
those business categories was not feasible for this study.

Commercial interests have long been interested in characterizing the retail environment and
this is increasingly being recognized as important for public health planning and health
policy. The steps described in this study can be used to characterize access to supermarkets
and ultimately link the food environment data to healthy behaviors and conditions to assess
influences on dietary intake and health conditions. This study attempted to be as transparent
as possible in order to facilitate use of these methods by other researchers. Our study
identified supermarkets using commercial databases but the methods we developed could be
broadly applied to other types of location data thus has potential relevance to multiple
research areas.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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D&B/NETS food/drink, stores and eating places, N=110,917

Unique, N=109,226 (non-duplicates)

Not a headquarters , N=107,430 |

{

Industry code grocery or supermarket

Yes 1N= 18,886 N&SM

Sales >=$2 million or Employee size >= 25 Name matches supermarket
or Name matches supermarket chain-name list chain-name list
v \%
es N= 16,432 Yes No
N= 2,454 N= 84 N= 88,460
Matches a supermarket in TD * Matches TD * Matches TD *

Yo s/ N Yes No Yes No

D&B/NETS food/drink, stores and eating places included in final supermarket list, N=2,962

Figure 1.
Decision flow for Dun and Bradstreet food establishment archival data, National

Establishment Time Series, year 2005
* Matches a supermarket in Trade Dimensions (TD)
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