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The food desert metaphor has been widely used by academics and politicians alike. While
there is general agreement on what a food desert is in a relatively vague sense, strategies to
identify food deserts, especially in a rural setting, using a systematic method remain
undeﬁned. The purpose of this paper is to contribute towards the development of
a method for rural food desert identiﬁcation strategies using the location of food retailers
and residential units. We apply a methodologically innovative GIS approach to the
primarily rural state of Vermont, USA. Areas of inadequate geographic food access are
identiﬁed and some are found to overlap with high poverty locations. Aims for future work
are identiﬁed including ﬁeldwork to validate these ﬁndings.
Ó 2009 Elsevier Ltd. All rights reserved.

Introduction
The ﬁrst application of the phrase ‘food desert’ was claimed to be by a resident of public housing who used it to ‘‘capture
the experience of what it was like to live in a deprived neighborhood where food was expensive and relatively unavailable’’
(Cummins & Macintyre 2002: 2115). Since then, its common usage has continued to be primarily qualitative. It has been
widely employed by politicians to highlight poverty, social exclusion, and areas with non-existent and/or poor food retail
provision (e.g. Acheson, 1998; Hughes, 2000; Social Exclusion Unit, 1998). Most recently, there has been some effort to
quantify the concept utilizing a number of discipline-speciﬁc approaches (e.g. Apparicio, Cloutier, & Shearmur, 2007;
Cummins & Macintyre, 1999; Donkin, Dowler, Stevenson, & Turner, 2000; Guy, Clarke, & Eyre, 2004; Larsen & Gilliland, 2008,
Smith, Butterfass, & Richards, 2009; Smoyer-Tomic, Spence, & Amrhein, 2006; Wrigley, Guy, & Lowe, 2002). Through these
studies, the literature has come to relative consensus on a general, conceptual, deﬁnition of a ‘food desert’ (‘‘areas of relative
exclusion where people experience physical and economic barriers to accessing healthy food’’ [Department of Health, 1996])
without corresponding accord on how to ﬁnd such areas (other researchers have coined new terms to describe similar
situations – for instance, see Wrigley’s (2005) use of ‘unsupportive local food environments’). The spatially unjust nature of
food access issues, combined with the increasing availability of GIS data sets, prompted this paper, in which we aim to
contribute towards the development of a method for the identiﬁcation of rural food deserts. Central to this objective is our
primary research question: Can we make a meaningful contribution to rural food desert identiﬁcation strategies using the
location of supermarkets and residential units? The innovativeness of this effort is emphasized by the fact that no other rural
food desert studies have executed an analysis to investigate geographic access to food with this level of detail. Most previous
studies that have measured food deserts quantitatively have been carried out in the United Kingdom and/or in urban areas
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(e.g. Bodor, Rose, Farley, Swalm, & Scott, 2007, Clarke, Eyre, & Guy, 2002; Donkin, Dowler, Stevenson, & Turner, 1999; Donkin
et al., 2000; Guy & David, 2004; Pearce, Witten, & Bartie, 2006, Pearce, Witten, Hiscock, & Blakely, 2007, Shaw, 2006, SmoyerTomic et al., 2006; Wrigley, Warm, & Margetts, 2003; Zenk et al., 2005).
It is well-established that environmental inﬂuences can play a role in food selection and diet. In their call for advanced
collaborative efforts between government, corporate, community, and non-proﬁt entities to address the nation’s obesity
epidemic, French, Story, and Jeffery (2001) cite how the current built environment promotes unhealthy food intake and
inactivity. Papas et al. (2007) stressed a similar concern and articulated the need for additional research examining the impact
of the built environment and obesity. Food access studies have produced some research that sheds light on the linkages
between environment and health. For example, Morland, Diez Roux, and Wing (2006) veriﬁed that the local food environment can dictate susceptibility to obesity while the same team of researchers found it was also linked to dietary intake
(Morland, Wing, & Diez Roux, 2002). Food retail development, as a component of the built environment, has also been shown
to inﬂuence diet (Cummins, Findlay, Petticrew, & Sparks, 2005, Wrigley, Warm, Margetts, & Lowe, 2004).
GIS and health
There is a need for a straightforward, easily applicable method for the identiﬁcation of food deserts. GIS is increasingly
being used to bridge public health research with neighborhood-level information in multiple disciplines. For example, Pearce
et al. (2006) used GIS to measure the distance from every meshblock (smallest dissemination unit used in New Zealand) to 16
speciﬁc community resources over a road network. Topically different, but also utilizing GIS, Rodgers, Bergmann, Salak,
Lackland, and Hinson (2007) epidemiological application of GIS examined the geographic distribution of Parkinson’s disease
and stroke, while McEntee and Ogneva-Himmelberger (2008) used GIS to explore spatial patterns of diesel particulate matter
in environmental justice neighborhoods of Boston, MA. When framed as a public health issue (e.g. Lobstein, 1999; Morland
et al., 2006), the ability to measure food access reliably becomes increasingly important in resource management for planning
intervention strategies.
Qualitative measurements
Previous food desert studies utilized difﬁcult to obtain data, often involving lengthy interviews and/or food index surveys
that require signiﬁcant time and resources, which make their approaches challenging to recreate. Lang and Caraher (1998)
discussed food deserts in the context of access to healthy foods and corresponding public health education policies and six
years later, Guy and David (2004) solidiﬁed the application by identifying potential urban food deserts in Cardiff, providing
general food desert criteria that emphasized physical and economic disadvantage and poor nutrition. Shaw (2006) continued
the broadly applied, yet quantitatively unreﬁned, nature of the term, alluding to the fact that food deserts remain undeﬁned
and applied a unique food desert classiﬁcation scheme involving 234 semi-structured interviews that inquired into the
obstacles faced by individuals in accessing grocery stores. Hendrickson, Smith, and Eikenberry (2006) identiﬁed food deserts
in urban areas as those communities ‘‘with ten or fewer stores and no stores with more than 20 employees’’ (no parallel
criteria provided for rural settings) and carried out focus group discussions, administered consumer surveys, and performed
an inventory of food stuffs (Hendrickson et al., 2006: 372). Each of these studies describes food deserts as areas of general
inadequacy in retail provision.
Qualitative food desert identiﬁcation efforts typically employ a case study approach, which can be both time consuming
and difﬁcult to measure against other research. This lack of comparability between studies in addition to the methodological
constraints of a case study method was a stimulus for the techniques employed in this paper.
A GIS based approach
GIS in early studies about food deserts and access tended not to utilize GIS technologies for analysis purposes; instead,
maps presented rudimentary information such as study area (Wrigley et al., 2002), number of shops per geographic unit
(Cummins & Macintyre 1999), and percentage change in socioeconomic variables per geographic unit (Guy et al., 2004).
However, Donkin et al. (1999) were the ﬁrst to use GIS analysis techniques to create maps of distance to outlets selling food
over a road network, incorporating availability of individual food items and population density. These authors plotted the
results of a food price index on a map to show areas of relative expensiveness. Recent efforts to use GIS to identify food deserts
continue to vary in their technique and focus.
Geographic information systems (GIS) have taken on a substantial role in most current accessibility studies. GIS is
utilized not only to show graphical information, but often it precedes statistical analysis. For instance, Pearce et al. (2006)
used GIS to measure the distance from every meshblock (an indicator of relative distance traveled) to 16 speciﬁc
community resources over a road network. Subsequently, indices of community resource accessibility were built for the
entire country of New Zealand; this consisted of a quintile assignment for each meshblock. Pearce et al.’s (2006) study
serves as a perfect example of how GIS has made possible analyses that two decades ago would have been impossible
simply because they would have required prohibitive amounts of time. Measuring distance over a road network with
accuracy by hand with a ruler and paper map for 38,350 census meshblocks would be a substantial time commitment.
Building from their previous study, Pearce et al.’s (2007) research goes beyond a presentation of relative geographic
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distance and performs a non-parametric Spearman’s rank correlation analysis between access quintiles and deprivation
quintiles to show that access to community resources was actually better in deprived areas. Statistical analysis is not always
used in GIS applications that assess geographic access, however. Morton and Blanchard (2007) used GIS software to create
centroids and measure distance to certain retailers. Lovett, Haynes, Sunnenberg, and Gale (2002) utilized the graphical
beneﬁts of a GIS to illustrate travel times and public transport routes to surgeries in East Anglia, UK. They did not perform
any complex analysis, but presented a series of maps that show their data elements in a clear and precise manner so as to
allow the reader to observe spatial overlaps in these data sets. If this data was presented in tabular format, the length of
time to interpret it would be daunting. From these examples, we can conclude that GIS is not only useful for analysis, but
also for presentation of information that contains trends that may otherwise go unnoticed if examined in a different layout,
such as a table.
GIS has been used in a number of studies examining food access. Studies that examine community resources often include
food retailers. However, there are a number of authors that have explicitly mapped and/or used GIS to map and/or measure
food access. We can speak generally about two GIS centric approaches. In the ﬁrst, the authors create original data (possibly
using GIS) and map it for presentation. An example of this would be Guy and David’s (2004) buffer application around food
retailers. A more sophisticated example of this is Donkin et al.’s (2000) creation of price and availability indices. This type of
analysis involves taking existing data and mapping it to identify trends and overlaps with other data elements (some of which
may be original to the study at hand). The second approach is when statistical analysis is used to correlate one variable, such
as physical distance, to another, such as socioeconomic status. Another example would be Larsen and Gilliland’s (2008)
analysis of walking and public transit access to supermarkets in London, Ontario. Most studies that entail the creation of
original data focus on physical and/or economic access.
Three types of access
Food security is the phrase most commonly associated with hunger and food access issues. Maxwell (1996) has discussed
the evolution of this term’s usage at great length from one of a global/developing world context centered on supply to one of
access focused on the individual household level (Maxwell & Smith, 1992). For our study, we are concerned with food access,
which has become a central tenet of contemporary food security deﬁnitions. Take for instance Maxwell and Smith’s (1992)
summation of existent food security deﬁnitions: ‘‘secure access at all times to sufﬁcient food’’ (p. 8) or the most commonly
cited deﬁnition of food security, ‘‘Access by all people at all times to enough food for an active and healthy life’’ (World Bank,
1986: v). While it has been established that there are three main types of barriers that affect accessibility to food (geographic,
economic, and informational), our primary focus is on geographic access, although it is worth brieﬂy describing the informational and economic elements.
Informational access
Informational access can encompass a wide range of factors that relate to the educational, cultural, and social constraints
that inﬂuence how and why people choose to eat certain foods. Wrigley et al. (2002) developed binary logistic/logit
regression models showing that low fruit and vegetable consumption amongst study respondents was strongly associated
with low educational attainment. Perhaps the most supportive evidence for this association is Rose’s (1999) ﬁnding that food
security is associated with households whose head has completed high school and Morton and Blanchard’s (2007) ﬁnding
that food desert counties typically have a larger proportion of individuals without a high school diploma. Nord and Andrews
(2002) determined that reductions in hunger and food insecurity would require economic growth strategies aimed at
households with ‘‘less skilled or less educated workers’’ (Nord & Andrews, 2002: 6). The linkages between item selection and
nutritional knowledge are evident, but it is the compounding effect of other subjective elements that make associations so
difﬁcult to draw. Do people with sufﬁcient nutritional knowledge without geographic or economic constraints buy healthy
food? This type of question is most often investigated qualitatively through participant interviews and surveys with local
residents (e.g. Coveney & O’Dwyer, 2008; Whelan, Wrigley, Warm, & Cannings, 2002; Wrigley et al., 2002; Wrigley et al.,
2004). The answer to questions like this, however, will not be straightforward. Some people would change their purchasing
habits if they were not economically or geographically constrained, but some would not for a plethora of reasons: lack of
cooking skills, nutritional knowledge, time, and taste (Zandstra, de Graaf, & Van Staveren, 2001). However illogical it may
seem, the reality is that there will always be those who choose to eat unhealthfully (from a nutritional perspective) despite
unlimited resources.
Conversely, there are also those who would change the way they eat if given the opportunity. Educational attainment
might be an indicator of healthy eating. Lack of cooking skills has also been cited as being linked to socioeconomic status and
health (Furey, Strugnell, & McIlveen, 2001; Lang & Caraher, 1998; Shaw, 2006; Stead et al., 2004). Cultural constraints are
equally important. The notion that food is part of popular culture (Piachhaud & Webb, 1996) has generally been accepted
while concurrently being inﬂuenced by anthropologically-determined cultural inﬂuences and gender roles (Douglas, 1972).
Social inﬂuences play a critical role in food consumption (Glanz et al., 1993). In their study of social inﬂuences, Brug, Lechner,
and de Vries (1995) determined that fruit and vegetable consumption was lower amongst those individuals with lower selfefﬁcacy expectations and less positive attitudes.
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Economic access
In general, poverty studies indicate that food security is linked to poverty level (Baker, Schootman, Barnidge, & Kelly,
2006; Nord, Jemison, & Bickel, 1999). Economic access, however, involves the examination of not only poverty, but other
ﬁnancial elements that impact one’s ability to acquire food, such as food prices and transportation costs. Economic access
has been discussed by researchers as being an important factor in identifying inadequate food access. A price index was
created by Donkin et al. (1999) to compare prices of food in a cluster of shops; z-scores were assigned to every item and
store to highlight relatively expensive items and store locations. The mean prices of food were compared with the income
level of the local population to determine how it related to the average cost of a standard weekly shopping list of items.
Donkin et al. (1999) found that physical access was not as severe a problem as economic access; a healthy diet for a young
man on income support would cost over 5 percent of his weekly income. A similar type of study was carried out in the US
by Hendrickson et al. (2006) in which researchers discovered that in areas with the highest poverty, food costs were
typically higher and the quality of food was inferior. Eikenberry and Smith (2005) identiﬁed study locations based on
percent of population living at or below the poverty line and Morton, Bitto, Oakland, and Sand (2005) reported that
‘‘[r]ural areas with high levels of poverty and limited or no food sources place burdens of food availability, access, and
quality on low-income populations’’ (p. 93). Poverty is repeatedly used in the literature and cited as being an important
criterion in gauging food access and security (Apparicio et al., 2007; Baker et al., 2006; Bodor et al., 2007; Hendrickson
et al., 2006; Morton & Blanchard, 2007; Olson, Rauschenbach, Frongillo, & Kendall, 1996; Short, Guthman, & Raskin, 2007).
Poverty’s focal role in measuring nutrition is not new, as pointed out by Rose and Richards (2004), ‘‘[E]arly studies showed
that individuals from households in poverty were more likely to exhibit nutritional deﬁciencies or have diets low in
various nutrients’’ (p. 1081) (US Department of Health, Education, and Welfare 1971, US Department of Health, Education,
and Welfare 1974).

Identifying food deserts: calculating geographic access
Geographic and economic access have been measured in an array of previous studies (e.g. Ball, Timperio, & Crawford,
2009; Donkin et al., 1999; Donkin et al., 2000; Dubowitz et al., 2007; Guy & David, 2004; Shaw, 2006; Smith et al., 2009,
Whelan et al., 2002; Wrigley et al., 2002; Wrigley, 2002). Most research has assessed geographic access through attributes of
locations or individuals, what Kwan, Murray, O’Kelly, and Tiefelsdorf (2003) has termed place and personal accessibility. From
a mapping perspective, personal accessibility would be using point data that contains individual attribute information, such
as daily consumption of fruits and vegetables while place accessibility would be placing a 500 meter buffer around a food
retailer to determine its service area – a ‘‘zone-based aggregate spatial framework’’ (Kwan et al., 2003). Essential to this
discussion (though not explored in this paper) is how geographers can take a geographically focused and designed set of tools,
such as a GIS, and employ it to incorporate traditionally non-geographical data, such as opinion or choice. Place and individual
accessibility are not static, but are temporally dynamic. In regards to individual accessibility, this fact may be even more so
due to increases in informational accessibility (e.g. increase in internet usage rates).
Five-hundred meters is commonly cited as an acceptable distance that urban residents can live from a food retailer
before experiencing inadequate food access (Clarke et al., 2002; Guy & David, 2004; Whelan et al., 2002; Wrigley et al.,
2002). This distance was ﬁrst cited by a Government Minister (Hughes, 2000) and was estimated to represent a ﬁve to
seven minute walking travel time (Donkin et al., 1999); beyond which an individual was determined to be living in a food
desert.
We have identiﬁed a methodological gap in the literature regarding food desert identiﬁcation strategies. Rurally
focused food access measurements cannot use the urban distance limit of 500 meters since most people live further
than 500 meters from a food retailer and rely on an automobile and not on walking. Although the frequency of rural
food access studies is increasing (e.g. Burns & Inglis, 2007; Furey et al., 2001, Liese, Weis, Pluto, Smith, & Lawson, 2007,
Morton & Blanchard, 2007, Olson et al., 1996, Skerratt, 1999), efforts to measure geographic access in this context have
largely been ignored, with the exception of three studies. Kaufman (1999) identiﬁed rural food deserts through a ‘‘net
accessibility ratio’’ (a ratio of store sales to potential food spending), concluding that over 70 percent of the low-income
population of the Lower Mississippi Delta had inadequate food access. The drawback of this study was that it relied on
conﬁdential data. Morton and Blanchard (2007) deﬁned rural food deserts using GIS software as counties in which all
residents live more than 10 miles to the nearest supermarket chain or supercenter (measured as Euclidean distance).
Using a Euclidean distance, however, is limiting in that distance is measured not over the road networks people travel,
but ‘‘as the crow ﬂies’’; the resulting ramiﬁcation being travel distances will seem much shorter than the reality.
Sharkey and Horel (2008) present the most detailed analysis of a geographic access study. The authors calculated the
distance between a population-weighted centroid of a census block group to food retailers in Texas. While this analysis
provides additional detail above and beyond the studies of Morton and Blanchard (2007) and Kaufman (1999), the
limitation we highlight is the fact that their method of using a population-weighted centroid to food stores lacks the
detailed measurement we employ (as described below). For instance, the use of a population-weighted centroid can
potentially skew distances traveled by rural inhabitants since in rural areas even a census block group can be a very
large area.
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Fig. 1. Vermont, USA.

Methods and procedures
Situated in northern New England, Vermont (see Fig. 1) is a primarily rural state with 608,827 people located throughout
its 9515 square miles of land (U.S. Census Bureau, 2005, Vermont Center for Geographic Information, 2007).2 Twenty-one
percent of the state’s land is dedicated to farms, while 15.5 percent of the population is employed in farm and farm-related
jobs (US Department of Agriculture, 2006; US Department of Agriculture, 2008). The mean per capita income is $20,625 and
96.9 percent of the population identiﬁes their race as white (U.S. Census Bureau, 2007). A sizeable portion of Vermont’s land
and economy is dedicated to agriculture and most of this (70.5% of 2006 total farm receipts) is dedicated to the dairy industry
(US Department of Agriculture, 2008), indicating that for most people, the agriculture they are exposed to on a regular basis is
not one in which they could obtain edible products. The average percentage of food insecure households between 2003 and
2005 was 9.5 percent (Food Research and Action Center, 2007).
As previously mentioned, we categorize the three types of access reviewed in existent literature as geographical, economic,
and informational access. In our effort to contribute towards the development of a method to identify rural food deserts, we
focus on geographic access. To accomplish this, we used supermarket and residential locations in conjunction with
a Geographic Information System (GIS). Distance between supermarkets and residential units were used as a proxy for
geographic access to food.
We plotted the location of food retailers (‘‘food retailers’’ referring to the North American Industry Classiﬁcation System
number 44511 – Supermarket and Other Grocery [except Convenience] Stores larger than 2500 square feet) (n ¼ 142) (ReferenceUSA, 2007), residential units (n ¼ 231,894) (Vermont Center for Geographic Information), and roads using ArcGIS
software (ESRI, 2005); a snapshot of these plotted data elements is provided in Fig. 2.3 The red line indicates the shortest route
to the food retailer from a residential unit (circled). (For interpretation of the references to colour in this sentence, the reader
is referred to the web version of this article.)

2
In this paper we adhere to the United States Census Bureau’s deﬁnition of rural. The US Census Bureau deﬁnes rural areas as all territory, population,
and housing units within an Urban Area or Urban Cluster which are deﬁned as core census block groups or blocks that have a population density of at least
500 people per square mile (US Census Bureau, 2003).
3
ReferenceUSA is an online reference service which contains information on US businesses. The data obtained from ReferenceUSA used in this analysis
consisted of the latitude and longitude of every store larger than 2,500 square feet.
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Fig. 2. Snapshot of plotted data elements.

Our justiﬁcation for only including food retailers 2500 square feet or larger in size was to ﬁlter out small convenience
stores and gas stations, which typically sell low nutritional value food items at higher prices and non-consumables (Donkin
et al., 2000; Morton & Blanchard 2007; Pothukuchi, 2005). Furthermore, our current qualitative ﬁeld research being conducted in a separate project in a neighboring New Hampshire county has indicated most residents in this northern New
England region rely primarily on medium to large food retailers as their home food sources (McEntee 2009).
To calculate these distances we used a network measurement tool (speciﬁcally, Network Analyst Extension Closest Facility
feature of ArcMap 9.1), to measure the distance between every residence and the closest food retailer. Resultantly, each
residence had a corresponding closest distance data value, which indicated the distance to the closest retailer. These data were
aggregated by census tract and divided by the number of residential units to produce the mean travel distance by census tract:

Sum of distances between residential units and retailers
¼ Mean distance to food retailers within census tract
# of residential units
This data is displayed in a choropleth map of census tracts, illustrating mean distance values (Fig. 3). Other distance calculation approaches were considered, such as the use of population-weighted centroids and interpolated distance values. These
other methods, though not tremendously complex, begin to broaden the analytical distance between data and results –
something we aimed not to do in order to maintain a relative ease of reproducibility.
After reviewing previous attempts to identify food deserts using geography in both urban and rural settings, we applied
a ten mile threshold to represent geographical access; that is, any census tract which had a greater than 10 mile mean distance
value between food retailers and residential units was considered a food desert (see Fig. 4 in Results section). We adopted this
distance from Morton and Blanchard (2007) who adhered to a ten mile threshold to represent food deserts. Their basis for
using this distance was that the average US resident travels approximately 8 miles to obtain groceries according to the
National Transportation Survey (MSU 2003) so ten miles would therefore be two miles above average.
Results
Based on our geographic food desert criteria twelve census tracts (equivalent to 4.5 percent of the state’s population) are
considered food deserts due to the fact that, within these tracts, the mean distance between residential units and food
retailers is 10 miles or greater (see Fig. 4). The mean distance to food retailers within food desert tracts was 13.15 miles
compared to 4.14 miles at the statewide level.
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Fig. 3. Mean distance by census tract.

In food desert tracts 81 percent of residents have a high school diploma or greater, while statewide this rate increases to 86
percent. A discrepancy in poverty rates existed, but only by just over 1 percent (food desert census tracts residents experience
10.2 percent poverty while the statewide average is 9.8 percent). Of the ﬁfteen poorest census tracts (deﬁned as percent of
individuals below poverty level), we have identiﬁed one-third as food deserts. Census tract 9501 (see Fig. 4), not only had the
greatest distance value (24.45 miles), but also the lowest educational achievement (deﬁned as percent of individual with
a high school diploma or higher) in the state (70.9 percent). Census tract 103 (see Fig. 4), which ranked seventh for distance
(11.55 miles), had the ﬁfth lowest educational achievement as well as the eleventh highest poverty level (19 percent).
It should be mentioned that areas with some of the highest poverty rates and lowest educational achievement were
located in urban areas of the state. We do not assert food deserts do not exist in these regions (simply because the distance
values of less than 10 miles). However, because our study was focused on rural areas, we did not accommodate for speciﬁc
urban-based access circumstances (e.g. walking is a more likely means of transportation for urban centers).
Discussion
Our results suggest certain areas of the state are at a higher risk of inadequate food access than others. The food desert
identiﬁcation method presented here informs ongoing uncertainty about how geographic access can be measured. Morton
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Fig. 4. Food Deserts: Greater than 10 mile mean distance between food retailers and residential units by census tract.

and Blanchard (2007) did not identify any region of VT as a food desert because, according to their study, there are no areas
where greater than 50 percent of a county’s population is further than 10 miles to a supermarket, supercenter, or wholesale
club. The primary problem with their food desert deﬁnition is that it assumes an adequate food source can only be found in
those three types of relatively large stores. In a place like rural Vermont where ‘‘big box’’ stores such as Walmart, Target, and
Sam’s Club have faced considerable grassroots opposition from the public in addition to the relatively small population base of
the state, Morton and Blanchard’s (2007) approach lacks robustness. We have included smaller general stores and independently-owned food retailers in addition to these larger options.
Our method for identifying food deserts contributes towards the development of a method for the identiﬁcation of food
deserts in three ways:
1) Detailed data: Our method measures the exact distance between every residential unit and food retailer. We did
not rely on the creation of population-weighted centroids (e.g. Sharkey and Horel 2008) and we measured distance
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over the road network; roads are the primary mechanism for which the majority of people in rural areas use to
travel.
2) Time-sensitive: Our primary goal was to contribute towards the development of a food desert identiﬁcation strategy that
was relatively easy to employ and did not require collection of primary data, which usually entails extensive time and
resources. After examining the locations of census tracts that travel the furthest in conjunction with poverty and educational attainment, our approach has highlighted areas of the state that are more likely to experience the symptoms of
inadequate food access, such as food insecurity and hunger. Total analysis time was approximately twenty hours (not
including analysis design and review of results). The task of measuring residence to retailer by hand, without the utilization
of GIS, would have been prohibitively burdensome.
3) Applicability: Our method is applicable to other rural locations. All states have publicly available GIS data that details road
networks. Geo-coded store locations are a proprietary item that can be purchased or accessed through a local college’s or
university’s library. The e911 database provided by the Vermont Center for Geographic Information is unique in that it held
statewide data already compiled into GIS-ready format. While few other states have a product that is centrally managed
and as complete, other states often have sub-sectional data available and are moving towards statewide coverage and
availability. Therefore, the analysis provided here establishes a groundwork for similar applications in other rural areas of
the United States as the data becomes available enabling a uniform approach across the country.
Despite these attributes, our methods have two shortcomings. The ﬁrst is that we assume most people living in Vermont
obtained food only from food retailers (justiﬁcation for including only food retailers larger than 2,500 square feet provided in
the Methods and Procedures section). This leaves personal and community gardens and livestock rearing, community supported agriculture, and farmers markets out of the analysis; all could play an increasingly important role in how people access
food.4,5 The second limitation of this study is that we restricted the analysis to the political boundaries of the state of Vermont,
namely the inclusion of only retailers located in Vermont. Residents of food deserts are not restricted by these boundaries and
may choose to shop across state or national lines, especially if they work in or commute through other areas. While this may
especially affect the food desert status of border census tracts, interior food desert tracts still exist (see Fig. 4). In a similar vein,
we also assumed that people select the closest food retailer; in reality myriad of factors impact why a person shops at
a particular store, such as hours of operation and availability of certain foods.
The methods designed and employed in this paper present a way to identify food deserts across a range of places. Potential
for comparability is one of this methods greatest strength, yet this advantage has come at the cost of sacriﬁcing measures of
economic and informational access. Fundamentally, this highlights a breadth versus depth, systematic versus case study tradeoff which can partially account for the possibility of why food deserts could, in rare instances, be identiﬁed in areas where
there are none, or vice versa.
Conclusion & next steps
Morton et al. (2005) called for reﬁnement and testing of the food desert concept and we have contributed to this effort by
creating and implementing a method that can be applied in rural areas of the country. The food desert concept is under
continual reﬁnement and receiving ampliﬁed attention after inclusion of a ‘‘Study and Report on Food Deserts’’ in the 2008
Farm Bill (US Congress, 2008). We support the notion that food deserts are comprised of areas where people experience one
or all of the three types of inadequate access. The interplays between geographic, economic, and informational access dictate
how people access food and provide a framework for research.
Our analysis contributes towards the measurement of geographic access, consequently helping us understand what the
key barriers are in obtaining food. The work presented here is meant to move the food desert discussion and development of
methods forward in order to assist not only academics, but practitioners who need a relatively straightforward and costeffective technique to identify potential geographic food deserts without the time and resource requirements of case studies
and interviews. More work is needed, however. Reﬁnement of our method requires triangulation. Fieldwork needs to be
conducted to compare people’s experiences with our ﬁndings. This could take the form of a price survey, interviews, and/or
surveys that explore consumer satisfaction with their food choices. For instance, our analysis does not identify a residential
unit that houses someone who is poor, lacks cooking skills, and is within ten miles of a food retailer as part of a food desert,
while classifying residential units that house people who are wealthy and have cooking skills who live greater than ten miles
as living in a food desert. Results from additional research would help strengthen (and validate) central elements of our

4
We have also assumed that most people will travel by car or other private automobile to food retailers. Vehicle ownership data is unavailable, but
according to the 2000 census, 87 percent of workers over the age of 16 used a car, truck, or van to get to work, while 5.5 percent walked, and .7 percent took
public transportation. Disability status is also an important consideration when measuring geographic access, but data is unavailable for most of the state.
We do know however that 16.7 percent of the state population has a disability compared to the national average of 15.1 percent (Brault, 2008).
5
Some recent evidence has emerged indicating that substantive contributions to nutritional well-being can be made by smaller-scale food sources
similar in size to convenience stores (Short et al., 2007). However, we chose not to include these smaller size stores due to overwhelming evidence
illustrating just the opposite (Horowitz, Colson, Hebert, & Lancaster, 2004; Morland et al., 2006; Powell, Slater, Mirtcheva, Bao, & Chaloupka, 2007).
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analysis. In addition to qualitative assessments, we are currently undertaking an assessment of food retail density analyses
which attempts to relate food retail density, population density, and food access in a rural context (a similar type of endeavor
has recently been conducted by Seliske, Pickett, Boyce, & Janssen, 2009). Empirically demonstrating the utility of the analysis
presented in this paper compared to other similar studies is made difﬁcult by the fact that there are not many alternatives to
compare to. The majority of other food desert or food access studies have either been located in an urban setting or qualitative
investigations. Rural quantitatively focused geographic food access analyses are virtually non-existent with the exception of
Morton and Blanchard (2007), which we have considered here.
Our goal in this study was to make a meaningful contribution to rural food desert identiﬁcation strategies and therefore
contribute towards the development of a method for the classiﬁcation of food deserts in rural areas that could be applied
across rural areas of the United States. Utilizing the distance between food retailers and residential units as an indicator of
inadequate geographic access we successfully accomplished this objective and provided a detailed measurement of rural
geographic access to food. Though some limitations exist as discussed in the previous section, it has also been our intention to
push the relatively nascent area of rural geographic food access strategies forward by providing a new set of ideas, tools, and
methods. We hope that this study can inform and be used in collaboration with other food desert studies which examine
economic and informational access, such as analyses conducted by Donkin et al. (2000), Shaw (2006), and Hendrickson et al.
(2006). We anticipate that food deserts will continue to be discussed and scrutinized, both theoretically and practically.
However, we are optimistic that our study, speciﬁcally our methods, will contribute to efforts to hone this discussion and
prevent the perpetual discussion of food deserts that is conceptually generalizable, yet practically disparate.
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