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Abstract 

The current public food assistance system in the United States depends primarily on delivery through 
vouchers provided to families who cannot afford adequate food due to economic hardship that they can use 
in retail markets to purchase food. However, how to conceptualize, define, measure, and determine the 
importance of access to food retail for the nearly 50 million food insecure people in the U.S. remains a 
challenge. These three papers provide three different methods of measuring food access in the rural context 
with diverging purposes and applications, moving from simple conceptions of access to more complex 
approaches that combine quantitative and qualitative measures. I seek to answer the question: How can 
critical GIS be used to better understand the relationship between access to food retailers, public nutrition 
assistance programs, and food shopping patterns in rural Arizona? This question is further refined by three 
sub-questions: How can GIS be used to develop a better measure of physical access to food retail for 
nutrition assistance recipients in rural areas? What are the barriers to food access for recipients beyond 
physical access, and how can these be incorporated into measures of accessibility? How does accessibility of 
food retail affect recipients’ food shopping habits? Through using a grounded mixed-methods approach, I 
hope to integrate quantitative measures of access with qualitative insight into individual intentions and lived 
experience in using public assistance benefits to shop for food. Taken together, these papers provide a broad 
view on how to better quantify and measure food access in the rural setting, as well as avenues for further 
development of access measures and interventions to ensure equity in food access for all. 
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A.  INTRODUCTION 
The town of Springerville, Arizona lies in a valley surrounded by high grasslands where ranchers run cattle. 
Founded in 1876, the town sprung up around a trading post serving local ranches, but the main industry these 
days is the coal-fired generating station, which provides the best wages in town. In the fifteen minutes it takes 
to drive through town, one passes by fields with horses and cattle, four gas stations, two dollar stores, two 
grocery stores, plenty of churches, and the oldest movie theatre in Arizona. In the community of 1,961 
people, about 1 in 3 residents live in poverty and nearly one-third of households reported receiving benefits 
from the Supplemental Nutrition Assistance Program (SNAP), the largest federally funded food assistance 
program that provides electronic vouchers for the purchase of food at authorized food retail outlets. The 
town is in the words of one resident, a ‘welfare community,’ where a lack of adequately paying jobs means 
that many residents rely on social safety net programs to make ends meet. In such communities, the public 
food assistance system remains vital to residents’ access to sufficient nutrition. However, access to these 
programs is unevenly distributed, dependent on access to food retail as well as access to food assistance 
programs themselves.   

The current public food assistance system in the United States depends primarily on delivery through 
vouchers provided to families who cannot afford adequate food due to economic hardship. These vouchers 
can be used at participating retail outlets to purchase food. This system of food delivery does not equally 
ensure access for all in need due in part to the uneven distribution of food retailers and the availability of 
retailers participating in food assistance programs. In light of this inequity, how to conceptualize, define, and 
measure access to food retail for the nearly 50 million food insecure people in the U.S. remains a particularly 
salient challenge essential to ensuring that these programs meet their mandate of putting ‘healthy food in 
reach’ (USDA Food and Nutrition Service, 2012).  

Research on food access has included the use of geographic information science (GIS) to measure and 
analyze neighborhood proximity to food retailers, focusing on neighborhood and community level data 
aggregated from large secondary datasets. Mei-Po Kwan (2012) highlights in her explanation of the uncertain 
geographic context problem, that these approaches cannot account for individual intentions in action and 
choices and influences on individuals originating outside of the researcher-defined neighborhood in which 
they live. More qualitative factors need to be taken into account in indicators and spatial analyses of food 
access. Out of these discussions of the limitations of a purely quantitative approach, critical GIS has moved 
toward the development of mixed methods, a synthesis of quantitative and qualitative methods to capture 
both the robust analysis allowed by quantitative research with the richness and complexity of qualitative data.  
To more fully grasp the complexity of food access, researchers must move beyond solely quantitative analysis 
of secondary datasets towards these thicker methods.  

In addition to the challenges of measurement, current food access research has largely overlooked some of 
the most vulnerable populations: those on food assistance programs where choice of retailer is limited to 
those outlets that accept certain forms of vouchers and benefits transfer.  My research seeks to fill this gap by 
studying the food access environment for enrollees in the Supplemental Nutrition Assistance Program 
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(SNAP), the largest federally-administered hunger program. My research is conducted in rural Arizona, a 
region whose topography presents particular challenges to physical access and with high levels of poverty and 
food insecurity. According to Feeding America (2017) approximately eighteen percent of the total population 
and twenty-eight percent of children in Arizona are food insecure, ranking sixth-highest in the U.S. and the 
highest in the southwestern United States for food insecurity. Across the state, over seventy percent of the 
population is estimated to be eligible for some sort of public nutrition assistance. Thus the questions of food 
accessibility, especially for those receiving nutrition assistance, remains critical to understanding food security 
in the state. In this research I ask: How can critical GIS be used to better understand the relationship 
between access to food retailers, public nutrition assistance programs, and food shopping patterns 
in rural Arizona? Three sub-questions refine this: 

• How can GIS be used to develop a better measure of physical access to food retail for nutrition 
assistance recipients in rural areas? 

• What are the barriers to food access for recipients beyond physical access, and how can these be 
incorporated into measures of total accessibility? 

• How does accessibility of food retail affect recipients’ food shopping habits? 

Food Access Measurement 

Food access mapping has its roots in movements in public health research in the late 1980s seeking to capture 
the influence of place on health (Daniels, Kennedy, & Kawachi, 1999; Macintyre, Maciver, & Sooman, 1993; 
Marmot, 1998; McLeroy et al., 1988). In that same time period that public health turned its attention to place 
effects, the term “food desert”—indicating an area lacking spatial access to nutritious and affordable food—
appeared in the literature. Cummins and Macintyre (2002) trace the term back to public housing residents in 
Scotland in the early 1990s, with its first appearance in print occurring in a report from a working group of 
the Low Income Project Team in 1995 (Beaumont, Lang, Leather, & Mucklow, 1995). By the early 2000s, the 
term became entrenched in the literature (Eckert & Shetty, 2011). Studies of food access have since 
proliferated from relatively simple measures of store densities in Alwitt and Donley (1997) to complex 
visualizations of the temporal dimension of food access through the 3D visualization of stores opening and 
closing hours in Chen and Clark (2015). In a recent review, Sweeney et al. (2015) document 34 journal articles 
and 70 web-mapping applications dedicated to food environment mapping since 2008 alone. Multiple 
researchers have put forward methods of developing food access maps to identify potential food deserts, 
most utilizing geographic information systems (GIS) to devise measurements of spatial access (Bertrand, 
Thérien, & Cloutier, 2008; McEntee & Agyeman, 2010; Pearce, Witten, & Bartie, 2006; Russell & Heidkamp, 
2011; Ver Ploeg, Dutko, & Breneman, 2015; Walker, Keane, & Burke, 2010; Yeager & Gatrell, 2014).  

Food access has been increasingly recognized as an important public health concern. Reviews of the food 
access literature suggest that individuals with better access to food retail outlets that carry healthy food such 
as fresh fruits and vegetables consume relatively higher quantities of healthy food (Caspi et al., 2012), and a 
number of studies posit that the poor food access contributes to both higher food insecurity and higher rates 
of obesity (Feng et al., 2010; Walker et al., 2010). At the same time, many assessments of food access 
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environments have concluded that more robust measures of access are needed to fully unpack the effects of 
the “black box of places” on health outcomes (Cummins & Macintyre, 2002, p. 131). Despite the need for 
further research on the linkages of food access and health outcomes, it has been clearly demonstrated that 
there are continuing disparities in who has sufficient access to food, namely that those with lower 
socioeconomic status face higher barriers to food access (Walker et al., 2010). These populations are also at 
highest risk of food insecurity (Coleman-Jensen, Gregory, & Singh, 2014). Thus problems of food access can 
be clearly defined in terms of equity and the need to ensure equal access for all (Gottlieb, 2009).  

Questions of Access 

As the popularity of food access mapping has increased, a number of questions have arisen regarding how to 
define and conceptualize access and how to measure access. There has been widespread recognition that the 
reliance of many measures on the distance to the nearest store is insufficient (Caspi et al., 2012; McKinnon et 
al., 2009). Research has repeatedly shown that individuals travel beyond the nearest retail outlet to acquire 
food (Ver Ploeg et al., 2015). Relying on simplistic measures of access may lead to inaccurate assessments of 
the current food environment.  

Páez, Scott, and Morency (2012) describe physical accessibility measures most basically as two components, 
the first describing the cost of travel and the second describing the quality or quantity of opportunities. 
Within this framework of physical accessibility, there are several key distinctions that can be drawn between 
differing approaches to access measurement. The first distinction is that of proximity measures compared to 
cumulative opportunity measures. Proximity measures describe the cost of travel in terms of distance to the 
nearest opportunity, whereas cumulative opportunity measures describe the number of opportunities within a 
certain travel-cost threshold (Apparicio, Cloutier, & Shearmur, 2007; Mei Po Kwan, 1998; M. Kwan & 
Weber, 2003; McKinnon et al., 2009; Sharkey, 2009).  

The second distinction comes between place-based and people-based measures. Place-based measures 
quantify access in terms of a fixed origin point, commonly the home. People-based accessibility measures 
focus on individual travel patterns and exposure. Drawing from Hagerstand’s (1970) time-geography 
framework, which conceptualizes individual travel as a continuous path in three-dimensional space-time, 
comes the idea of activity-space prisms, a three-dimensional container in which all possible movement in 
space-time can occur (Kwan & Weber, 2003; Kwan, 1998). Delineating activity-space allows quantification of 
the number opportunities available within an individual’s typical travel patterns (Chen & Clark, 2013; Horner 
& Wood, 2014; Tong, Ren, & Mack, 2012; Widener, Farber, Neutens, & Horner, 2013).  

A third distinction can be drawn between normative and positive measures of access. Normative measures 
consider access in terms of the travel cost an individual should incur, whereas positive measures describe 
actual travel behavior. A prime example of a normative measure is the USDA Food Access Research Atlas, 
which defines accessible grocery retailers as those to which an individual must travel no further than 10 miles 
from home in a rural setting or 1 mile from home in urban settings (Ver Ploeg et al., 2015). By contrast, 
positive measures of accessibility, as conceived by Páez et al. (2012), describe the costs individuals actually 
incur in pursuit of an opportunity—how far they are willing to travel or the time they are willing to spend 
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travelling. Such measures of accessibility are predicated on individual travel behaviors rather than a general 
prescription of what travel is reasonable.  

However, to truly explore access, we must also move beyond questions of physical access alone, as access is 
shaped by factors beyond the physical environment. Some of these constraints, such as the temporal 
dimension incorporated in activity-space measures, have been discussed above. Another important dimension 
of access includes store characteristics, which shapes the decision calculus of individuals as they determine the 
travel costs they are willing to incur. To examine the influence of stores characteristics, I turn to retailing 
literature to explore how in-store factors such as the cost of food and the diversity of items carried may 
change store attractiveness.  

Other important dimension of food access include individual knowledge, strategy, and skills. These can be 
seen in both the strategic travel behaviors that individuals undertake to minimize travel costs, particularly in 
areas where these costs are high, as well as the strategic shopping, food acquisition, and food preparation 
behaviors that individuals use to maximize the amount of food they can acquire and make that food last 
longer. To explore these more informational and attitudinal dimension of access, I turn to rural retailing 
literature that examines the travel strategies enacted in the light of higher required travel costs. I also utilize 
qualitative studies of rural food access to explore shopping and food stretching behaviors enacted in the rural 
context.  

Food Access in Rural Places 

Challenges with food access weigh particularly heavily on residents of rural areas in the United States. Most 
studies of public assistance and welfare reform have focused on the urban context despite estimates that 1 in 
4 welfare recipients in the U.S. live in rural areas (Cope and Gilbert, 2001). Rural areas face particular 
challenges in both food security and food access. Residents of rural communities must contend with what 
Wilkinson (1991) deems the “friction of rural space,” where the dispersion of population over a large physical 
area compounds problems of physical access due to the costs of moving through space and lack of 
infrastructure (Arcury, Preisser, Gesler, & Powers, 2004; Arsneault, 2006; Wilkinson, 1991). In the United 
States, rural areas have been empirically shown to have higher rates of poverty, lower rates of employment, 
and lower numbers of available job positions (Lichter & Crowley, 2002; Merrett, 2001; Seale, 2012; Warner, 
2006; Warner & Hefetz, 2002; Weber et al., 2001; Wilkinson, 1991). Market solutions do not effectively 
address regional inequalities, especially in rural communities where suppliers are few and far between and 
delivery costs are high (Warner and Hefetz, 2002).  

Urban-rural health disparities in food security and nutrition have been widely acknowledged in the current 
literature (Larson, Story, & Nelson, 2009; McKinnon et al., 2009; Simen-Kapeu et al., 2010). A number of the 
studies on the availability and cost of food in rural stores have found that food cost and availability are often 
compromised in rural areas (Burns et al., 2004; Hosler et al., 2006; McEntee & Agyeman, 2010; Yeager & 
Gatrell, 2014). However, in these studies, rural has been treated as a monolithic identifier compared against 
an urban context, with little exploration of intra-rural variation in terms of both need and access.  



A-12 

 

Rural access to food retailers is influenced by several factors, including retail location density, travel behavior, 
and shopping behavior. Rural communities have been described by Ranchhod (2004)as “invisible and not 
very profitable” from a marketing perspective. Due to smaller and less dense populations, rural areas in 
general have fewer retail outlets, and retailers located in rural areas are often smaller and carry a more limited 
inventory (Liese, et al., 2007; McEachern & Warnaby, 2006; Shonkwiler & Harris, 1996). Rural residents thus 
typically travel further to shop for groceries (McEachren and Warnaby, 2006; McEntee and Agyeman, 2010). 
The travel distances required as well as the general lack of public transportation means that the majority of 
rural residents rely primarily on personal automobiles for shopping trips (Battista, Lee, Kolodinsky, & Heiss, 
2015; Kidder, 2006; McEachern & Warnaby, 2006; McEntee & Agyeman, 2010). Many residents engage in 
out-shopping behaviors, travelling to stores outside of their home town or community for multi-purpose 
shopping trips at stores available in nearby larger towns or cities (Broadbridge & Calderwood, 2002; Fox, 
Montgomery, & Lodish, 2004; Lumpkin, Hawes, & Darden, 1986; McEachern & Warnaby, 2006). In light of 
this behavior, considering more complex measures of access becomes particularly important. However, few 
measures of access particularly targeted toward the rural context have been developed, and those that do exist 
do not account for this multipurpose, out-shopping travel strategies (McKinnon et al., 2009). Thus, my focus 
is developing more nuanced access measures focused on the rural context and the variation there within. 

Food Access and Food Assistance 

This study, however, is not concerned with the full scope of food retail, but rather a subset of the food 
system oriented toward and accessible to those enrolled in public nutrition assistance programs. Changes in 
food assistance and welfare programs in the US have altered the landscape of access to food. A large 
interdisciplinary body of work has been devoted to theorizing and studying welfare and particularly welfare 
reform in the larger context of poverty (Cope & Gilbert, 2001; Curtis, 1997; Lawson & Elwood, 2014; Lichter 
& Crowley, 2002; C. E. Miewald, 2001; C. Miewald & Mccann, 2014; Seale, 2012; Trudeau & Cope, 2003; 
Warner & Hefetz, 2002; Weber et al., 2001). The U.S. welfare reforms of the late 1990s, in parallel with 
austerity measures in the United Kingdom and Europe, constituted a privatization of public welfare programs 
and a devolution of responsibility to the individual to use cash benefits to obtain necessities such a food, 
housing, and work in the capitalist marketplace. Trudeau and Cope (2003), drawing a parallel between 
housing and labor markets and public space, argue that markets are conceived as open and accessible in the 
abstract but are often highly exclusionary on the lines of race, gender, and class in practice. Warner and 
Hefetz (2002) find that while market approaches to public service provision may succeed in promoting 
competition and economic efficiency, these approaches fail to address regional inequity, especially in 
marginalized populations with limited mobility. Thus access remains key to the questions of equity in public 
service provision.  

The U.S. federal government, through the United States Department of Agriculture, provides funding for 
public nutrition assistance at the state level through a number of different program mechanisms. The largest 
federally-funded public nutrition program remains the Supplemental Nutrition Assistance Program (SNAP), 
formerly known as Food Stamps, which is (theoretically) accessible to any individual in need for at least a 
temporary period. SNAP provides a stipend in the form of monthly Electronic Benefit Transfer (EBT) credit 
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to individuals and families for the purchase of food at participating retail outlets. The stated purpose of 
SNAP is to serve as the national nutritional safety net, providing the first line of defense against food 
insecurity (Ratcliffe, McKernan, & Zhang, 2011; USDA Food and Nutrition Service, 2012). Other USDA-
administered food assistance programs, such as the Temporary Emergency Food Assistance Program 
(TEFAP) and Food Distribution Program on Indian Reservations (FDPIR), directly distribute foods to 
especially at-risk households or specific population; provide food for children in care and education settings, 
in the case of the National School Lunch Program (NSLP), Child and Adult Care Food Program (CACFP), 
and other school-based meal programs; or target populations with particularly critical nutritional needs, such 
as pregnant, breastfeeding, and postpartum women, infants and young children through the Special 
Supplemental Nutrition Program for Women, Infants, and Children (WIC). The WIC program, similar to 
SNAP, distributes food through vouchers that can be redeemed at participating retailers. Unlike SNAP, the 
WIC program is still in the process of transitioning from paper voucher checks to an electronic benefit 
transfer system; nearly a third of all WIC agencies have implemented EBT, another third are in the process of 
implementing such programs, and the rest are planning implementations. For both the SNAP and WIC 
programs, access to food retail remains essential to effective participation in the program. To redeem 
benefits, participating households must be able to reach a participating retailer and find the food items that 
their household needs. 

Multiple scholars have taken up the question of food access in the context of SNAP. A number of studies by 
or funded by the United States Department of Agriculture have found that access to food retail outlets 
influences food purchasing patterns, household food insecurity, and health outcomes (Han, Powell, & Isgor, 
2012; C. W. Leung et al., 2013; Cindy W Leung & Villamor, 2011; Lin, Ver Ploeg, Kasteridis, & Yen, 2014; 
Simmons, Alexander, Ewing, & Whetzel, 2012; Ver Ploeg, Dutko, et al., 2015). However, the access measures 
used in all of these studies are those simple proximity measures discussed above. Shannon (2014, 2015a, 
2015b)has developed more complex measures of access in the context of SNAP, using benefits redemption 
data to determine patterns of travel by SNAP participants in urban Minneapolis and employing mixed 
methods GIS to map travel patterns and integrate individual insights to reveal the complex ways in which 
they access food retail. Shannon’s work reveals barriers to access beyond physical accessibility, such as 
religious or language barriers. I hope to extend such work beyond the purely urban context to examine the 
nature of food access for SNAP participants in a rural context, specifically in the state of Arizona. 

Study Area 

The three papers presented here focus on the rural areas of Arizona, a state in the southwestern United 
States. Arizona’s rural areas present a particularly suitable site for a study of retailer accessibility due to the 
remoteness of many communities—the average driving time to the nearest SNAP retailer for rural residents 
in 2014 was 33 minutes (Walsh, Tanoue, & Daws, 2016). The state contains a wide array of diverse 
settlements, including border towns on the U.S.-Mexico border in the south of the state, mining communities 
settled since the mid-1800s in the eastern mountains, agricultural towns and retirement destinations towards 
the west, and popular vacation communities and recreation areas in the northern mountains and canyons. 
There are twenty-two tribal reservations in the state, comprising a significant proportion of land in the state. 
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According to the 2010 U.S. Census, the state has a population of 6.4 million, with 5.1 million living in 
urbanized areas (cities with populations exceeding 50,000). Of the remaining 1.3 million people, roughly half 
(622,876) live in clusters, cities and towns with population ranging from 2,500 to 50,000, and half (651,358) in 
rural areas (US Census Bureau, 2010).  

According to the 2010 U.S. Census, Arizona’s rural population is 58 percent non-Hispanic white, 19 percent 
Hispanic or Latino, and 21 percent American Indian (primarily residing on reservation lands), with 2 percent 
belonging to other races. Children comprise 23 percent of the population, and 17 percent of the population is 
over the age of 55. Approximately 1 in 5 rural residents live below the poverty line according to the 2014 
American Community Survey and 14 percent of households reported receiving SNAP benefits in 2013. Labor 
force participation is relatively low at 56 percent, and those who do work spend an average of 28 minutes 
commuting. Nearly 84 percent of adults 25 and older have graduated high school or obtained a GED. 
Housing costs are relatively high, with 34 percent of homeowners and 30 percent of renters spending more 
than 30 percent of their income on housing-related costs.  Less than 66 percent of the population reported 
having internet service (US Census Bureau, 2016).  

First Paper: Optimizing for SNAP-Ed: A model based approach for locating public 

assistance food retail     

In this paper, we examine a model-based approach to food access in Cochise County, a predominantly rural 
county with a wide variety of communities, from the urban area of Sierra Vista to the very remote rural towns 
such as San Simon and Bowie. We develop a new location optimization model for siting food retailers that 
takes into account the requirement in Arizona that WIC retailers must also be authorized SNAP retailers. Our 
findings demonstrate that the current distribution of food retail guarantees that some residents of Cochise 
County must travel further than ten miles to access a SNAP or WIC authorized retailer given the current 
distribution of food retailers. However, access to SNAP and WIC retailers could be improved with strategic 
recruitment of food retailers. This paper provides a quantitative measure of the limitations of the current 
food retail distribution in Cochise County as well as a metric that can be used to quantify the spatial 
accessibility of public food assistance retail in a given place.  

Second Paper: Measuring Food Access with Consideration of Food Store 

Characteristics and Strategic Travel Behavior: An Application to Rural Recipients of 

Public Food Assistance 

This study focuses on just two rural communities in Cochise County, Willcox and Benson, a small city and a 
town surrounded by multiple unincorporated communities. The area depends heavily on farming and 
ranching and has high rates of poverty and sparse population distributions. In this study, we conceptualize a 
place-based access measure that considers spatial separation, store characteristics, and strategic travel 
behavior together to determine the most attractive stores for each block in the study area. This area-based 
approach to accessibility goes beyond usual considerations of spatial separation to capture key factors in 
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consumer store choice such as item prices, diversity of store inventory, and opportunities for trip-chaining 
with other activities. While this method can only measure potential access, application in Willcox and Benson 
demonstrates that purely proximity-based approaches over-estimate the access of rural recipients of public 
food assistance. The most attractive stores are rarely those located the closest to rural residents’ homes. This 
paper is currently under review in the publication Professional Geographer.  

Third Paper: Food in Reach: A Mixed Methods Approach to Public Assistance Food 

Retail in Rural Arizona 

In the third paper, we leverage the method developed in the second paper to examine individual level access 
for 32 rural residents in five rural communities across Arizona, including Willcox and Benson alongside 
communities in central Yavapai County and southern Apache County. In this final paper, we integrate the 
quantitative assessment of access through comparison of the proposed access measure to actual travel 
behaviors with qualitative analysis of barriers to food access faced by rural recipients of food assistance and 
strategies employed to overcome these barriers. The synthesis of these methods allows us to identify 
important factors influencing the accessibility of food retail, including the local retail mix, transportation 
access, store prices, family structure and responsibility, physical disability, food preparation skill, knowledge 
of alternative sources of food, and access to nutrition assistance programs. We show that while the 
attractiveness-based approach to potential access best mirrors the realized access of study participants, 
numerous individual-level factors cannot be captured without direct involvement of the participants. Through 
the combination of both GIS-based mapping of food access and the experiences of rural recipients of food 
assistance, we provide a snapshot of complex rural food access in the American Southwest and provide 
further avenues for food access research and interventions to improve food access in rural communities.   

Summary 

These three papers provide three different methods of measuring food access in the rural context with 
diverging purposes and applications. The first modelling paper provides a spatial optimization based 
approach that can be used for planning and assessment of the current food retail system comparing to the 
optimal distribution of retailers given the current resources using metrics developed by the USDA, the 
funding agency for all major US food assistance program. The second paper demonstrates a highly flexible 
and scalable place-based measure adapted to the rural context that allows a more nuanced assessment of 
accessibility through consideration of key factors in consumer choice. The final paper takes accessibility to the 
individual-level through the inclusion of the lived experiences of rural recipients of public food assistance 
retail and comparison of realized access to the potential access captured in quantitative measures. Taken 
together, these paper provide a broad view on how to better quantify and measure food access in the rural 
setting, as well as avenues for further development of access measures and interventions to ensure equity in 
food access for all.  
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B.  OPTIMIZING FOR SNAP-ED: A MODEL FOR 
LOCATING PUBLIC ASSISTANCE FOOD RETAIL 

 

Abstract 

Objective: This study proposes a new location model to optimally site SNAP and WIC authorized retailers, 
assess the current food retail environment for populations eligible for nutrition assistance, and plan for future 
changes in public assistance retailer requirements.    

Methods: The SNAP-WIC Location Problem (SWLP) model is proposed and tested in a rural county in 
Arizona using food retailer data from a national database and eligible population data from the American 
Community Survey.   

Results: Using the SWLP model to site retailers, it is possible to cover a higher percentage of both the SNAP 
and WIC eligible population than the amount currently covered by the existing authorized retailers. Gains are 
largest in the more remote areas of the county. 
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With the passage of the 2014 Healthy and Hunger-Free Kids Act and the implementation of the 2017 
national Supplemental Nutrition Assistance Program Education (SNAP-Ed) evaluation framework, SNAP 
educators nationwide are pivoting their programs from direct education approaches to public health 
approaches.(US Department of Agriculture, 2016b) These public health approaches still incorporate direct 
education but focus more broadly on the development of strategies that influence policy, systems, and 
environments (PSE). Parallel to this priority shift, in December 2016 the United States Department of 
Agriculture (USDA) finalized changes to depth of inventory requirements for retailers participating in SNAP, 
raising the minimum number of items in stock from twelve to twenty-eight and changing the types of items 
that count as staple foods.(US Department of Agriculture, 2016a)  

These inventory changes may have profound effects on the food system and associated individuals receiving 
public assistance as small retailers currently authorized by the program may not fulfill new inventory 
requirements. Beyond SNAP, these changes may impact the Special Supplemental Nutrition Program for 
Women, Infants, and Children (WIC) because in some U.S. states grocery retailers accepting WIC benefits 
must be authorized SNAP retailers. For states with significant rural populations, where access to food 
retailers may already be limited, assessing current food access and anticipating the changes in the food system 
is essential to ensuring that already vulnerable populations do not suffer a significant loss of access to food 
retailers that accept public assistance benefits. 

Despite the use of geographic information systems (GIS) and location science models in retail planning and 
development of measures of the food retail environment, few SNAP-Ed or nutrition assistance programs 
have used these tools for program planning and strategic retailer recruitment.(Glanz et al., 2016; McKinnon, 
Reedy, Morrissette, Lytle, & Yaroch, 2009; Stone, 2011; Sweeney et al., 2015) This paper proposes a new 
location optimization model to identify important retail locations that maximize retail access for the public 
assistance enrolled populations, both SNAP and WIC beneficiaries. The purposes of this research are 
twofold: (1) to assess how the current distribution of SNAP and WIC retail locations compares to an optimal 
distribution of retail locations, (2) to identify key grocery stores for recruitment and retention in the WIC 
program given potential changes in SNAP authorization. This pilot study in a rural county in Arizona 
demonstrates the potential utility of the new location model for the baseline study of the food system in 
Arizona and the planning of future programming in line with the new PSE approaches.  

Methods 

Location modelling was developed from facility location for business applications, but quickly expanded to 
applications in the public domain (Murray, 2010; Owen & Daskin, 1998). Location models have also been 
used in public health applications to find optimal sites for clinics, hospitals, ambulances, medical laboratories, 
and other key service provision sites (Baum, Bergwall, & Reeves, 1975; Daskin & Dean, 2005). In the domain 
of food access and nutrition, model-based approaches have been applied to siting farmer’s markets and 
mobile food markets to ensure equitable access to food retail locations with high availability of healthy food 
(Tong, Ren, & Mack, 2012; Widener, Metcalf, & Bar-Yam, 2012). When considering problems of accessibility, 
location models such as the location set covering problem (LSCP), maximal covering location problem 
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(MCLP), and the p-median problem (PMP) are most commonly used because these models seek to maximize 
the population receiving adequate service from the facilities being sited (in the case of the LSCP and the 
MCLP) or to minimize the overall travel distance to sited facilities (in the PMP).  

However, siting food retailers for nutrition assistance program provision requires a few unique 
considerations. First, provision of food to the population enrolled in SNAP or WIC depends on the 
recruitment of existing food retailers to participate in these programs. Second, these programs are linked—in 
states such as Arizona WIC authorized retailers must also be SNAP authorized retailers. The models listed 
above do not directly address these constraints. We propose a new model, the SNAP-WIC location problem 
(SWLP), that draws from the MCLP first formulated by Church and ReVelle (1974) but seeks to 
simultaneously maximize the coverage of SNAP-eligible population and WIC-eligible population considering 
the access thresholds defined by the USDA (Church & ReVelle, 1974). The SWLP model is constructed as 
follows: 

Maximize ∑ 𝑎𝑎𝑖𝑖𝑖𝑖 𝑦𝑦𝑖𝑖        (1) 

Maximize ∑ 𝑏𝑏𝑖𝑖𝑖𝑖 𝑧𝑧𝑖𝑖        (2)   

Subject to: 

∑ 𝑥𝑥𝑗𝑗𝑗𝑗∈𝑁𝑁𝑖𝑖 ≥ 𝑦𝑦𝑖𝑖         ∀𝑖𝑖        (3) 

∑ 𝑤𝑤𝑘𝑘𝑘𝑘∈𝑀𝑀𝑖𝑖 ≥ 𝑧𝑧𝑖𝑖         ∀𝑖𝑖        (4) 

  𝑥𝑥𝑗𝑗 ≥ 𝑤𝑤𝑘𝑘              ∀𝑗𝑗, 𝑘𝑘        (5) 

∑ 𝑥𝑥𝑗𝑗𝑗𝑗 = 𝑝𝑝                (6)  
 ∑ 𝑤𝑤𝑘𝑘𝑘𝑘 = 𝑞𝑞               (7) 

𝑥𝑥𝑗𝑗 = {0,1}     ∀𝑗𝑗        (8) 

𝑤𝑤𝑘𝑘 = {0,1}     ∀𝑘𝑘        (9) 

𝑦𝑦𝑖𝑖 = {0,1}     ∀𝑖𝑖        (10) 

𝑧𝑧𝑖𝑖 = {0,1}     ∀𝑖𝑖        (11) 

Where: 

𝑖𝑖 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑥𝑥 𝑜𝑜𝑓𝑓 𝑖𝑖𝑖𝑖𝑑𝑑𝑎𝑎𝑖𝑖𝑖𝑖;   𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑒𝑒𝑖𝑖 𝑠𝑠𝑖𝑖𝑒𝑒 𝑖𝑖𝑠𝑠 𝑖𝑖𝑖𝑖𝑖𝑖𝑜𝑜𝑒𝑒𝑖𝑖𝑖𝑖 𝑎𝑎𝑠𝑠 𝐼𝐼  
𝑗𝑗 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑥𝑥 𝑜𝑜𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒𝑠𝑠; 𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑒𝑒𝑖𝑖 𝑠𝑠𝑖𝑖𝑒𝑒 𝑖𝑖𝑠𝑠 𝑖𝑖𝑖𝑖𝑖𝑖𝑜𝑜𝑒𝑒𝑖𝑖𝑖𝑖 𝑎𝑎𝑠𝑠 𝐽𝐽  

𝑘𝑘 =  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑥𝑥 𝑜𝑜𝑓𝑓 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒𝑠𝑠 𝑏𝑏𝑖𝑖𝑎𝑎𝑜𝑜𝑖𝑖𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏 𝑒𝑒𝑜𝑜 𝐽𝐽 𝑒𝑒ℎ𝑎𝑎𝑒𝑒 𝑎𝑎𝑎𝑎𝑠𝑠𝑜𝑜 𝑑𝑑𝑖𝑖𝑖𝑖𝑒𝑒 𝑊𝑊𝐼𝐼𝐶𝐶 𝑒𝑒𝑖𝑖𝑞𝑞𝑟𝑟𝑖𝑖𝑒𝑒𝑖𝑖𝑑𝑑𝑖𝑖𝑖𝑖𝑒𝑒𝑠𝑠 
𝑖𝑖𝑖𝑖𝑗𝑗 = 𝑒𝑒ℎ𝑖𝑖 𝑠𝑠ℎ𝑜𝑜𝑒𝑒𝑒𝑒𝑖𝑖𝑠𝑠𝑒𝑒 𝑖𝑖𝑖𝑖𝑠𝑠𝑒𝑒𝑎𝑎𝑖𝑖𝑑𝑑𝑖𝑖 𝑓𝑓𝑒𝑒𝑜𝑜𝑑𝑑 𝑖𝑖𝑖𝑖𝑑𝑑𝑎𝑎𝑖𝑖𝑖𝑖 𝑖𝑖 𝑒𝑒𝑜𝑜 𝑎𝑎 𝑝𝑝𝑜𝑜𝑒𝑒𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖𝑎𝑎𝑎𝑎 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒 𝑗𝑗 
𝑅𝑅 = 𝑎𝑎𝑑𝑑𝑑𝑑𝑖𝑖𝑝𝑝𝑒𝑒𝑎𝑎𝑏𝑏𝑎𝑎𝑖𝑖 𝑖𝑖𝑖𝑖𝑠𝑠𝑒𝑒𝑎𝑎𝑖𝑖𝑑𝑑𝑖𝑖 𝑒𝑒𝑜𝑜 𝑎𝑎 𝑓𝑓𝑜𝑜𝑜𝑜𝑖𝑖 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒 
𝑁𝑁𝑖𝑖 = �𝑗𝑗�𝑖𝑖𝑖𝑖𝑗𝑗 ≤ 𝑅𝑅� 
𝑀𝑀𝑖𝑖 = {𝑘𝑘|𝑖𝑖𝑖𝑖𝑘𝑘 ≤ 𝑅𝑅} 
𝑥𝑥𝑗𝑗 =  �1 𝑖𝑖𝑓𝑓 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒 𝑗𝑗 𝑖𝑖𝑠𝑠 𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑑𝑑𝑒𝑒𝑖𝑖𝑖𝑖 𝑓𝑓𝑜𝑜𝑒𝑒 𝑒𝑒𝑖𝑖𝑑𝑑𝑒𝑒𝑟𝑟𝑖𝑖𝑒𝑒𝑑𝑑𝑖𝑖𝑖𝑖𝑒𝑒 𝑒𝑒𝑜𝑜 𝑆𝑆𝑁𝑁𝑆𝑆𝑆𝑆 

0    𝑜𝑜𝑒𝑒ℎ𝑖𝑖𝑒𝑒𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖                                                                           
 

𝑤𝑤𝑘𝑘 =  �1 𝑖𝑖𝑓𝑓 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒 𝑘𝑘 𝑖𝑖𝑠𝑠 𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑑𝑑𝑒𝑒𝑖𝑖𝑖𝑖 𝑓𝑓𝑜𝑜𝑒𝑒 𝑒𝑒𝑖𝑖𝑑𝑑𝑒𝑒𝑟𝑟𝑖𝑖𝑒𝑒𝑑𝑑𝑖𝑖𝑖𝑖𝑒𝑒 𝑒𝑒𝑜𝑜 𝑊𝑊𝐼𝐼𝐶𝐶 
0    𝑜𝑜𝑒𝑒ℎ𝑖𝑖𝑒𝑒𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖                                                                           
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𝑦𝑦𝑖𝑖 =  �1   𝑖𝑖𝑓𝑓 𝑖𝑖𝑖𝑖𝑑𝑑𝑎𝑎𝑖𝑖𝑖𝑖 𝑝𝑝𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒 𝑖𝑖 𝑖𝑖𝑠𝑠 𝑑𝑑𝑜𝑜𝑐𝑐𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖 𝑏𝑏𝑦𝑦 𝑆𝑆𝑁𝑁𝑆𝑆𝑆𝑆 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒 
0    𝑜𝑜𝑒𝑒ℎ𝑖𝑖𝑒𝑒𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖                                                                          

 

𝑧𝑧𝑖𝑖 =  �1   𝑖𝑖𝑓𝑓 𝑖𝑖𝑖𝑖𝑑𝑑𝑎𝑎𝑖𝑖𝑖𝑖 𝑝𝑝𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒 𝑖𝑖 𝑖𝑖𝑠𝑠 𝑑𝑑𝑜𝑜𝑐𝑐𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖 𝑏𝑏𝑦𝑦 𝑊𝑊𝐼𝐼𝐶𝐶 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒 
0    𝑜𝑜𝑒𝑒ℎ𝑖𝑖𝑒𝑒𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖                                                                       

 

𝑎𝑎𝑖𝑖 = 𝑆𝑆𝑁𝑁𝑆𝑆𝑆𝑆 𝑝𝑝𝑜𝑜𝑝𝑝𝑟𝑟𝑎𝑎𝑎𝑎𝑒𝑒𝑖𝑖𝑜𝑜𝑖𝑖 𝑒𝑒𝑜𝑜 𝑏𝑏𝑖𝑖 𝑠𝑠𝑖𝑖𝑒𝑒𝑐𝑐𝑖𝑖𝑖𝑖 𝑎𝑎𝑒𝑒 𝑖𝑖𝑖𝑖𝑑𝑑𝑎𝑎𝑖𝑖𝑖𝑖 𝑝𝑝𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒 𝑖𝑖 

𝑏𝑏𝑖𝑖 = 𝑊𝑊𝐼𝐼𝐶𝐶 𝑝𝑝𝑜𝑜𝑝𝑝𝑟𝑟𝑎𝑎𝑎𝑎𝑒𝑒𝑖𝑖𝑜𝑜𝑖𝑖 𝑒𝑒𝑜𝑜 𝑏𝑏𝑖𝑖 𝑠𝑠𝑖𝑖𝑒𝑒𝑐𝑐𝑖𝑖𝑖𝑖 𝑎𝑎𝑒𝑒 𝑖𝑖𝑖𝑖𝑑𝑑𝑎𝑎𝑖𝑖𝑖𝑖 𝑝𝑝𝑜𝑜𝑖𝑖𝑖𝑖𝑒𝑒 𝑖𝑖 
𝑝𝑝 = 𝑖𝑖𝑟𝑟𝑑𝑑𝑏𝑏𝑖𝑖𝑒𝑒 𝑜𝑜𝑓𝑓 𝑆𝑆𝑁𝑁𝑆𝑆𝑆𝑆 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒𝑠𝑠 𝑒𝑒𝑜𝑜 𝑏𝑏𝑖𝑖 𝑒𝑒𝑖𝑖𝑑𝑑𝑒𝑒𝑟𝑟𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖 

𝑞𝑞 = 𝑖𝑖𝑟𝑟𝑑𝑑𝑏𝑏𝑖𝑖𝑒𝑒 𝑜𝑜𝑓𝑓 𝑊𝑊𝐼𝐼𝐶𝐶 𝑒𝑒𝑖𝑖𝑒𝑒𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑒𝑒𝑠𝑠 𝑒𝑒𝑜𝑜 𝑏𝑏𝑖𝑖 𝑒𝑒𝑖𝑖𝑑𝑑𝑒𝑒𝑟𝑟𝑖𝑖𝑒𝑒𝑖𝑖𝑖𝑖 

The objective functions (1) and (2) seek to maximize the SNAP and WIC populations covered by SNAP and 
WIC retailers, respectively. Constraints (3) ensure that a demand point is marked as covered by SNAP 
retailers if at least one SNAP retailer exists within the distance threshold. Constraints (4) ensures that a 
demand point is considered as covered by WIC retailers if at least one WIC retailer is located within the 
distance threshold. Constraints (5) require that a retailer cannot be a WIC retailer if it is not recruited as a 
SNAP retailer. Constraints (6) and (7) guarantee that the number of SNAP and WIC retailers located do not 
exceed the number of retailers specified in the model inputs, and constraints (8) through (11) define the 
binary decision variables.   

To demonstrate its utility, the model was applied in Cochise County, a predominantly rural county in Arizona. 
This county was selected as it is one of the eight counties currently implementing a Healthy Food Retail 
program. Cochise County consists of a wide variety of communities, from the urban area of Sierra Vista to 
remote rural towns such as San Simon and Bowie (see Figure 1). The county is home to just over 120,000 
people. Approximately one quarter of residents are considered SNAP-eligible with incomes below 185% of 
the federal poverty threshold. In 2012, nearly 20,000 individuals received SNAP benefits and just over 13,000 
women, infants, and children received WIC benefits each month.  
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Figure B-1. Study Area and Existing Distribution of SNAP and WIC Retailers 

For this study, SNAP retailer locations were drawn from the United States Department of Agriculture SNAP 
Retailer Locator, and WIC retailer locations were collected from the Arizona Department of Health Services. 
Information on all food retailers in the county were obtained through ReferenceUSA based on their North 
American Industry Classification System (NAICS) code, using the codes for grocery stores, convenience 
stores, gas stations, discount department stores, and specialty food stores (meat, fruit and vegetable, and other 
specialty markets). All the food retailers’ addresses were then geocoded and mapped. In Cochise County 143 
food retailers were identified: 54 convenience stores, 40 grocery or superstores, and 49 other retailers such as 
large pharmacies, dollar stores, and specialty food retailers. SNAP and WIC enrollment numbers for 2012 
were obtained at the zip code level from the Arizona Department of Economic Security and the Arizona 
Department of Health Services, respectively. No Institutional Review Board (IRB) approval was required for 
this study as only de-identified secondary data was used.  

Zip codes did not provide fine enough resolution for this study, a common problem in analysis in rural areas. 
However, SNAP and WIC enrollment numbers were strongly correlated with poverty estimates from the 
2010-2014 American Community Survey. We correlated SNAP enrollment with the population under 185 
percent poverty and WIC enrollment with the number of women and children ages 0-4 under 185 percent 
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poverty at the zip code level, as this threshold is commonly used to estimate the population eligible for food 
assistance programs.(US Department of Agriculture, 2016b) Correlation coefficients were 0.955 and 0.945 
respectively, and a t-test found no significant difference between the enrollment and income-eligible 
populations. Due to this similarity, we used income-eligible population data at the block group level, which 
provides finer resolution, in our analysis to serve as our demand for these programs. Sites of demand were 
located using 102 Census block group population centers in the county. 

Some of the most commonly used methods to determine accessible food retailers are the accessibility 
thresholds developed in the USDA Food Access Research Atlas.(McKinnon et al., 2009; Ver Ploeg et al., 
2009, 2012; Ver Ploeg, Dutko, & Breneman, 2015) These thresholds define accessible food retailers as those 
within 1 mile of residence in urban areas and within 10 miles of residence in rural areas. As this model was 
tested in a predominantly rural county, we used the 10-mile accessibility definition. Shortest travel distances 
were calculated based on the actual road network. 

The SWLP model is a bi-objective optimization problem that tries to simultaneously maximize the coverage 
of SNAP and WIC populations. We used the weighted sum method to combine the objectives into one by 
assigning each with a weight  β,  β1 ∑ 𝑎𝑎𝑖𝑖𝑖𝑖 𝑦𝑦𝑖𝑖 + β2 ∑ 𝑏𝑏𝑖𝑖𝑖𝑖 𝑧𝑧𝑖𝑖. When solving the model, we also normalized each 
objective function by the corresponding maximal coverage possible without considering the other objective 
to make the two objectives comparable. The model was coded and run in IBM CPLEX Optimization Studio.  

Results 

Two model specifications were run, one with a limited set of retailers and one with the full set of retailers, 
reflecting current numbers of authorized retailers. The limited set reflects reduction of retailers to about one-
third of the current number to simulate a worst case scenario of significant loss of retailers following changes 
in inventory requirements. The results of these models are summarized in Table 1, and Figures 2 and 3. Even 
with a limited set of retailers (30 SNAP-authorized retailers and 5 WIC-authorized retailers) it was possible to 
cover 96.6 percent of the SNAP eligible population of the county and 89.0 percent of the WIC eligible 
population. Increasing the set to match current numbers of SNAP- and WIC-authorized retailers (83 and 16, 
respectively) increased the percent of the WIC-eligible population covered to 95.3 percent but did not 
increase share of the SNAP-eligible population covered. The output of the model is highly dependent on the 
weights (β) as they determine whether higher priority will be given to the SNAP or WIC objective. 
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Table B-1. Results of SWLP Model Results Compared to Existing SNAP and WIC Retail Coverage 

  
SNAP 

Retailers 
WIC 

Retailers 

Block 
Groups 
covered 
(SNAP) 

Block 
Groups 
covered 
(WIC) 

Eligible population 
covered (SNAP) 

Eligible population 
covered (WIC) 

Existing 
Retailers 83 16 94 77 42,214 95.9% 5,045 87.7% 

Limited 
SWLP 30 5 95 72 42,512 96.6% 5,122 89.0% 

Full SWLP 83 16 95 84 42,512 96.6% 5,489 95.4% 

Note: SWLP refers to the SNAP-WIC Location Problem. 

In mapping the results (see Figures 2 and 3), we showed that while most of the SNAP and WIC eligible 
populations can be covered with a limited set of retailers, there remain portions of the county outside of 
towns and cities not covered by either type of retailers. With the constraint of relying on current retailers, it 
was impossible to cover 7 Cochise block groups with a SNAP retailer and 10 block groups with a WIC 
retailer. Retailers covering the largest proportions of the eligible populations were located in areas of denser 
population, towns and cities such as Douglas and Sierra Vista where half of the county population reside. 
Comparing the modeled full set of retailers to the existing distribution of retailers in the county (see Figure 1) 
revealed that the current distribution of SNAP retailers does not greatly differ from an optimal distribution. 
However, the modeled distribution of WIC retailers suggests that a need to recruit retailers in more remote 
parts of the county—particularly the agricultural central and eastern portions.  
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Figure B-2. Results of the Limited SWLP Model 
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Figure B-3. Results of the Full SWLP Model 

Discussion 

These findings demonstrate that an optimization model can efficiently locate SNAP and WIC retailers to 
maximize the eligible population covered by these retailers. Through examining the results of such a model, 
those retailers that cover the most eligible population can be targeted for retention in the program, and areas 
of need for further recruitment can similarly be identified and targeted. However, there remain areas that 
cannot be covered due to lack of food retailers altogether. This problem has been widely described in 
literature examining retail environments in rural areas.(Arsneault, 2006; McEachern & Warnaby, 2006; 
Sharkey, 2009; Shonkwiler & Harris, 1996; Wilkinson, 1991) Meeting the needs of very remote populations 
requires thinking beyond the current retail environment to solutions such as mobile markets.(Widener et al., 
2012) 

This study is constrained by assumptions about access and retail choices. While our access threshold reflects 
measures very commonly used, it is a prescriptive measure that may not reflect the actual travel patterns of 
Cochise County residents.(Páez, Scott, & Morency, 2012) Second, we do not consider the temporal 
dimension of access—retailers are assumed to be accessible at all times, when in reality the hours and days of 
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operation of a retailer significantly influence their accessibility to populations in need.(Mack & Tong, 2015; 
Tong et al., 2012; Widener, Metcalf, & Bar-Yam, 2011) Finally,  we do not consider the importance of store 
diversity and store capacity.(Campo & Gijsbrechts, 2004) A single retailer is considered sufficient to cover all 
demand in the 10-mile accessibility radius, while it may be more appropriate to have multiple retailers to offer 
a diversity of choices and encourage competition. Furthermore, retailer capacity and item variety are not 
considered in the model, so a small grocery store with limited inventory is considered as sufficient/covered as 
a major supermarket in meeting the needs of the eligible population. Further development of retailer 
weighting and scoring schemes could help refine these assumptions.  

Implications for Research and Policy 

This study was first conceived in light of the SNAP-Ed evaluation framework and the need for tools to 
evaluate the current food retail environment and measure changes in food access. The SWLP model provides 
a tool for generating an optimal distribution of retailers to which the current distribution of retailers can be 
compared. The metric of eligible population covered by a retailer provides a measure that can be assessed 
over time to evaluate changes in the food environment. As new retailer requirements take effect, this model 
can identify those retailers most essential to retain in the program and suggest potential retailers for additional 
recruitment. More generally, this study suggests that methods of optimization used in urban environments 
can be applied to rural areas, often overlooked in the literature, with adjustments to access criteria. 
Understanding and improving access in the rural food environment, particularly for populations most at risk 
of poor nutritional outcomes—those eligible for public food assistance—is key to designing interventions 
that improve nutrition behaviors and overall health. 
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C.  MEASURING FOOD ACCESS WITH 
CONSIDERATION OF FOOD STORE 
CHARACTERISTICS AND STRATEGIC TRAVEL 
BEHAVIOR: AN APPLICATION TO RURAL 
RECIPIENTS OF PUBLIC FOOD ASSISTANCE 

 

Abstract 

Current measures of food access have broadly overlooked rural populations and failed to take into account 
consumer store choice and strategic travel behavior. We propose a new attractiveness-based measure of food 
retail access that considers both strategic behaviors such as trip-chaining and multi-purpose shopping as well 
as store characteristics such as inventory and cost that have been found to greatly affect consumer retail 
choices. We apply this measure to study retail access for the Supplemental Nutrition Assistance Program 
(SNAP) participants in a rural community in southern Arizona. Our findings show that many rural residents 
need to travel much farther than what is prescribed by the commonly used proximity based access measures. 
Those who shop at the nearest store as opposed to the most attractive store face higher prices and poorer 
item selection, which may lead to an increase in food insecurity. Our study provides important insights into 
planning of programs to support access to healthy and nutritious food for all people, especially those 
currently enrolled in public nutrition assistance programs and in rural communities.  

Keywords: Food access, SNAP, rural communities, food store characteristics, travel behavior 
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Food insecurity remains a persistent challenge in the United States. With more than one in 10 individuals in 
the U.S. experiencing food insecurity, many researchers have focused on food access as a key factor in 
influencing hunger, public health, and nutrition (Feeding America 2017; McKinnon et al. 2009; Ogden et al. 
2015). Many low-income individuals and families heavily rely upon public nutrition assistance programs for 
food access (Cunnyngham, Sukasih, and Castner 2013). The largest assistance program is the federal 
Supplemental Nutrition Assistance Program (SNAP), formerly known as Food Stamps. The program aims to 
combat food insecurity by putting “healthy food within reach” and served approximately 45 million 
individuals monthly in the U.S. in 2015 (Executive Office of the President of the United States 2015).  

Although food access studies have proliferated since the mid-1990s, certain populations have been broadly 
overlooked. For example, relatively few studies have examined the food access landscape of SNAP recipients 
or rural residents (McKinnon et al. 2009; Shannon 2015; Sharkey 2009; Wood and Horner 2016). SNAP 
provides a stipend in the form of monthly Electronic Benefit Transfer (EBT) credit that can be used to 
purchase food at participating retail outlets. The reliance of the SNAP program on participating retailers for 
the delivery of food means that access to food retailers may matter even more for SNAP participants, as not 
every retailer participates in the SNAP. As for rural residents, they often face high travel costs in addition to 
even fewer retail options. In light of these challenges, people may undertake strategic behaviors to stretch 
budgets and minimize travel costs. However, commonly used food access measures often fail to take into 
account such behaviors and thus may be problematic in accurately describing food access in these 
communities.  

While conventional food access measures focus overwhelmingly on spatial proximity, new approaches 
accounting for activity-travel, such as individual-based measurement using extensive travel logs, remain 
computationally demanding and difficult to implement at a large scale (Chen and Kwan 2015; Horner and 
Wood 2014). These measures also ignore important store related factors, such as prices and inventory (Wood 
and Horner 2016), that may greatly affect consumer store choice. In this study, we propose a new food 
accessibility assessment framework that uses easily accessible secondary data while taking into account both 
strategic travel behaviors and important store characteristics. We apply this model empirically to a population 
commonly overlooked in food access research: rural recipients of public food assistance. Through the 
application, we demonstrate how common food access metrics overestimate accessibility in general, especially 
in rural areas, and provide a discussion on the policy implications.  

Measuring Food Access 

Food access mapping has its roots in public health research in the late 1980s during the movement seeking to 
capture the influence of place on health (Marmot 1998; McLeroy et al. 1988). In that similar time period the 
term “food desert”—referring to an area lacking spatial access to nutritious and affordable food—appeared in 
the literature (Cummins and Macintyre 2002; Beaumont et al. 1995) and became widely-used (Eckert and 
Shetty 2011).  Recent years have seen an increasing growth in food access studies; in a recent review, Sweeney 
et al. (2015) noted a proliferation of food mapping projects and papers in the fields of public health and 
geography since 2008. Food access assessment varies from relatively simple distance based measures (Alwitt 
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and Donley 1997) to complex 3D visualizations with an incorporation of the temporal dimension (Chen and 
Clark 2013).   

As McKinnon et al. (2009) noted, the vast majority of food access studies focus on the spatial separation 
between home and markets. These measures are place-based where a fixed origin point, home in this case, is 
often used as the reference point.  For example, food deserts are identified by the United States Department 
of Agriculture (USDA) based on whether the closest supermarket can be found within a half-mile or one mile 
for urban neighborhoods or 10 miles for rural communities (Ver Ploeg et al. 2012). However, such measures 
can be problematic because people may not necessarily visit the closest food store. Based on a sample of 
nearly 5,000 households nationally, the most recent USDA National Household Food Acquisition and 
Purchase Survey (FoodAPS) indicated that while the average distance from a household to the nearest food 
retailer was 2.2 miles, individuals typically traveled 3.8 miles (72% longer) to access their usual store (Ver 
Ploeg et al. 2015). To some degree, the home-market focus in current food access measures also implies that 
people originate their food obtaining trips from home. Kwan (2012) considered measures based on home 
neighborhoods as “static concepts” that do not necessarily reflect the reality of people consistently on the 
move. People’s movement, routes, and other activity sites may affect which food stores they choose to visit. 
In particular, in light of travel cost constraints, individuals often engage in strategic travel behaviors such as 
trip-chaining, where multiple errands and activities are combined into one trip to reduce overall travel 
time/distance (Brown 2006; McEachern and Warnaby 2006; Popkowski Leszczyc, Sinha, and Sahgal 2004; 
Thill and Thomas 1987). For example, Mack and Tong (2015) found that workers tend to visit afternoon-
evening farmers’ markets that were located along their way home from work.  

One way of addressing complexity of food access due to people’s activity-travel has been through the 
development and refinement of people-based measures. Different from place-based accessibility measures 
that quantify access based on home locations, people-based accessibility measures focus on individual travel 
patterns and exposure. Many people-based measures rely on the concept of activity-space, a spatial territory 
that contains all the movement that can occur given an individual’s fixed activities such as work or school 
(Kwan 1998; Kwan and Weber 2003). Delineating an individual’s activity-space allows quantification of an 
individual’s food obtaining opportunities in space and time (Chen and Clark 2013; Horner and Wood 2014; 
Tong, Ren, and Mack 2012; Widener et al. 2013). However, people-based measures commonly require 
significantly more detailed activity-travel data, such as individual travel diaries or volunteered geographic 
information from location-aware devices (Chen and Kwan, 2015). Such studies are time, data, and cost 
intensive, and the data needed are often not available, which makes people-based measures less feasible in 
many real-world applications.  

In addition to complex travel behavior, stores of different types often present differing levels of attractiveness 
that may significantly affect individuals’ store choice decisions. Multiple studies have shown that the breadth 
and diversity of items available, relative price or affordability, perceived quality of items, and perceived quality 
of services are the strongest predictors of retail patronage (Andreyeva, Long, and Brownell 2010; Clarke et al. 
2004; Jaravaza and Chitando 2013; Pan and Zinkhan 2006; Webber, Sobal, and Dollahite 2010). For example, 
an analysis of FoodAPS data (Taylor and Villas-Boas 2016) found that households were willing to incur 
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higher monetary travel costs to access superstores and supermarkets than they were for other types of food 
retail such as convenience stores or small grocery stores. Price has also been identified as very influential, 
affecting consumers store choice, particularly for low-income people and people who rely upon food 
assistance programs (Lin et al. 2014; Webber et al. 2010). Several studies have demonstrated that low-income 
households commonly bypass nearer stores for stores with greater selection of items or better prices (Cole 
1997; Lin et al. 2014; Ohls and Ponza 1999).   

Rural Food Access 

Urban-rural health disparities in food security and nutrition have been widely acknowledged in the current 
literature (Cohen et al. 2017; Larson, Story, and Nelson 2009; McKinnon et al. 2009). Rural areas face 
particular challenges in both food security and food access. In the United States, rural areas have been 
empirically shown to have higher rates of poverty and lower rates of employment (Lichter and Crowley 2002; 
Merrett 2001; Seale 2012; Warner and Hefetz 2002; Weber et al. 2001; Wilkinson 1991). Rural communities 
have been described as “invisible and not very profitable” from a marketing perspective (Ranchhod 2004: 
231) with fewer retail outlets, and rural residents typically travel further to shop for groceries (McEachern and 
Warnaby 2006; McEntee and Agyeman 2010). In addition to availability, a number of studies have found that 
food cost is often compromised in rural areas (Hosler et al. 2006; Larson et al. 2009; Yeager and Gatrell 
2014). 

The long travel distances required as well as the general lack of public transportation means that the majority 
of rural residents rely primarily on personal automobiles for shopping trips (Battista et al. 2015; Kidder 2006; 
McEntee and Agyeman 2010). Many residents engage in outshopping behavior, travelling to stores outside of 
their home town or community for multi-purpose shopping trips (Broadbridge and Calderwood 2002; Fox, 
Montgomery, and Lodish 2004; Lumpkin, Hawes, and Darden 1986; McEachern and Warnaby 2006). 
Therefore, accounting for multi-purpose, out-shopping, and trip-chaining travel strategies is very important 
for more accurately assessing rural food access. However, there are very few measures of food access targeted 
toward the rural context, and those that do exist do not consider rural people’s travel characteristics 
(McKinnon et al. 2009). 

Given the gaps in food access assessment, we propose a new place-based food access measure to account for 
store attractiveness and strategic travel behavior, such as trip-chaining. The measure is applicable in a wide 
range of settings, particularly rural communities and those who rely upon on public nutrition assistance 
programs, such as SNAP.  

A New Food Access Measure 

Currently, food access assessment has been focused on evaluating spatial separation between home and 
markets. In particular, two strategies have been widely used to quantify the spatial separation, with one 
describing proximity (i.e., distance to the nearest food outlet) and the other evaluating the cumulative 
opportunities within a neighborhood or a certain travel distance (Kwan 1998; McKinnon et al. 2009; Sharkey 
2009). Figure 1 provides an illustration of these two approaches. Figure 1a illustrates the proximity-based 
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approach that measures the distance  (0.7 miles) to the closest store (Store 3) for individual or neighborhood 
i. This measure has also been used by the USDA as one important criterion for evaluating an area’s food 
desert status (Ver Ploeg, Dutko, and Breneman 2015). Proximity-based approaches may rely on Euclidean or 
network distances, and more sophisticated models may apply a complex distance decay function (Kwan, 
1998; Clark et al., 2002). Figure 1b shows a cumulative opportunity approach, in which a count of 
opportunities (2 stores in this case) within a certain threshold distance (1 mile) is evaluated (Páez et al. 2012). 
In some studies, number of opportunities is converted to store density within a given administrative unit 
(McKinnon et al. 2009). These methods can also be described as container or threshold measures (Chen, 
2017). Both of these categories of measures focus on evaluating whether a store is spatially close to the home 
location: while the proximity approach identifies the closest store, the cumulative opportunity approach 
allows multiple stores to be closest as long as they fall within the specified distance threshold.  

  

a. Proximity measure b. Cumulative Opportunity measure 

Figure C-1. Spatial Separation based Food Access Measures. 

In addition to spatial proximity, as mentioned earlier, strategic travel behaviors such as trip-chaining and 
store-related characteristics, including price, assortment and variety serve important factors affecting food 
accessibility. Given this, we conceptualize access (A) taking into account the three components, spatial 
proximity (d), trip-chaining travel behavior (t), and characteristics of stores (s). Table 1 gives a list of the 
notations we use in this study. Therefore, food access can be described as:   

𝑆𝑆 = 𝑓𝑓(𝑖𝑖, 𝑒𝑒, 𝑠𝑠)           (1) 
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Table C-1. Notation 

Notation Description 

i Index of demand 

j Index of retailers 

A access score 

t trip-chaining related travel behavior 

s desirability score of retailer j 

d spatial separation between places 

k activity opportunity site 

ak indicator determining whether k is available 

R allowed deviation from route for trip-chaining 

T set of opportunity sites within an acceptable route deviation (R)  

w inventory diversity 

q quality of products 

y quality of service 

v sales volume 

p relative price 

n total number of food retailers in the study area 

 

The consideration of trip-chaining in food access evaluation means that locations of other daily activity sites 
can be critical. Studies of retailing have especially noted a high incidence of trip-chaining among rural 
shoppers, highlighting that other travel destinations such as workplaces, schools, places of worship, as well as 
other shopping and entertainment facilities may influence store choice (Broadbridge and Calderwood 2002; 
McEachern and Warnaby 2006; Nancy and Rita 1997; Popkowski Leszczyc, Sinha, and Sahgal 2004; Thill and 
Thomas 1987). An illustration is given in Figure 2 with 8 potential activity sites in the area of origin i and food 
retailer j. A threshold (Rij) of potential deviation from the route between i and j is used to determine the 
feasibility of trip chaining behavior. Activity sites (k) falling within this threshold of deviation add to the 
attractiveness of the food retailer j.  
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Figure C-2. An Illustration of Potential Opportunities for Trip Chaining Behavior 

In this study, we consider potential opportunities for trip chaining cumulatively. For individual i, retailer j is 
considered more attractive if it has more other opportunity sites (k) within the route deviation threshold (Rij). 
As a result, the trip-chaining component (t) in (1) involves an evaluation of potential opportunities to be 
chained to the route (also see Equation (2)): opportunity k will be included in T, the set containing all the 
possible opportunities for trip-chaining, if the deviation from route between i and j due to a visit to k is within 
Rij.   

𝑒𝑒 =  ∑ 𝛼𝛼𝑘𝑘𝑛𝑛
𝑘𝑘=1             (2) 

𝑤𝑤ℎ𝑖𝑖𝑒𝑒𝑖𝑖: 

𝛼𝛼𝑘𝑘 = � 1  𝑖𝑖𝑓𝑓 𝑘𝑘 ∈ 𝑇𝑇  
0 𝑜𝑜𝑒𝑒ℎ𝑖𝑖𝑒𝑒𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖

              

This formulation of the trip-chaining component derives cumulative potential trip-chaining opportunities 
based on the distribution of the available opportunities. This component could be adjusted to reflect 
individual level trip-chaining potential through the adjustment of T to reflect all opportunities within an 
individual’s activity space. Further, we assume the food retailer is the last stop of the trip-chain; this is 
supported by findings by Bao and Tong (2017) based on travel diary data that majority of shoppers returned 
directly home following grocery shopping, a pattern that may be driven by the need to refrigerate perishable 
foods in a timely fashion. Similarly Shannon and Christian (2017) found that grocery shopping trips were 
typically found in the middle to end position in the trip-chain.  



C-43 

 

Additionally, studies of consumer retail choice suggest that important factors influencing store attractiveness 
include inventory diversity (also referred to as wide selection), quality of service, relative price (real or 
perceived), quality of products, and store atmosphere (Clarke et al. 2004; Lin et al. 2014; Pan and Zinkhan 
2006). Given this, a particular food retailer’s desirability (s) can be modeled as a function of food inventory 
diversity (w), relative food price (p), quality of food products (q), and quality of service (y) as shown in 
Equation (3), 

𝑠𝑠 =  ℎ(𝑤𝑤, 𝑞𝑞,𝑦𝑦,𝑝𝑝)         (3) 

These three main components, spatial proximity (d), trip-chaining (t) and store characteristics (s) are then 
combined into a single attractiveness measure through the use of a modified potential model. Similar to the 
probability based Huff model (Huff, 1963), the potential model (Lakshmanan and Hansen, 1965) is a variant 
of the general gravity model computed as the ratio of the attractiveness of a destination to the distance 
between the origin and destination. The distance effect can be formulated using different distance decay 
functions including a gravity model or negative exponential function. By incorporating store characteristics 
and convenience to access other activity opportunities into the attractiveness evaluation, A in (1) is further 
formulated as, 

𝑆𝑆 = 𝑓𝑓(𝑖𝑖, 𝑒𝑒, 𝑠𝑠) =  𝑔𝑔(𝑠𝑠,𝑡𝑡)
𝑒𝑒(𝑑𝑑)

           (4) 

We use an empirical study to illustrate how the accessibility measure can be implemented to perform food 
access assessment.  

Study Area and Data 

We applied our method to study food access status in the northern portion of Cochise County, Arizona. The 
target communities consist of two small cities, Benson and Willcox, and several towns and unincorporated 
communities along a major highway corridor with a combined population of approximately 8,000 (also see 
Figure 3).  This area contains mostly farming and ranching communities with high rates of poverty and sparse 
population distributions. There are 116 SNAP-authorized retailers in and around the study area. About 40 
percent of these are convenience stores, 25 percent are grocery stores or superstores, and the remaining 
retailers are predominantly dollar stores and small specialty retailers. Reilly’s law of retail gravitation (Reilly 
1931) was used to draw the boundary of the study area around the target communities such that residents 
within the study area would be more likely to shop in or near the target communities (Dennis, Marsland, and 
Cockett, 2002; Wagner 1974). Activity opportunities and SNAP retailers within 50 miles of the study area 
were identified and mapped for analysis.  
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Figure C-3. The Study Area 

A road network was constructed from street data obtained from the ESRI Streets and Highways dataset. 
Census geographies such as blocks and Census Designated Places were obtained from the U.S. Census 
Bureau as TIGER/Line Shapefiles. Population data from the U.S. Census Summary File 1 was downloaded 
and joined to these geographies.  

A list of geocoded SNAP-authorized retailers in Arizona was obtained from the USDA SNAP Retailer 
Locator, and locations in rural and tribal areas were cross-checked with satellite imagery as address-based 
geocoding is known to sometimes be inaccurate in these areas (Walsh, Tanoue, and Daws 2016). These 
retailers were matched with a list of food retailers downloaded from ReferenceUSA in order to obtain store 
operation information. Food retailers in ReferenceUSA were identified through their North American 
Industry Classification System (NAICS) codes for grocery stores, convenience stores, other gas stations, 
superstore and warehouse clubs, discount department stores (to capture dollar stores that commonly accept 
SNAP benefits), and specialty food stores (meat, fruit and vegetable, and other specialty markets).  

We also obtained data for three categories of activity opportunities, including major community anchor sites 
(schools, medical facilities, major employers, and places of worship), shopping opportunities (pharmacies, 
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department stores and superstores, and home centers and hardware stores), and entertainment opportunities 
(restaurants and movie theatres).  School locations were obtained from the Arizona Department of 
Education. Medical facilities classified as federally qualified health centers, hospitals, outpatient treatment 
centers, or rural health clinics were obtained from the Arizona Department of Health Services Medical 
Licensing Database. All other activity locations were obtained from the ReferenceUSA database. In particular, 
major employers were identified using a search for all businesses employing more than 50 persons in the 
ReferenceUSA database. We identified and mapped 723 activity opportunities in the study area.  

Analysis 

The accessibility analysis was conducted at the Census block level. There were 735 populated Census blocks 
in the study area. The geometric centers of blocks provide the origins (i), and SNAP retail locations serve as 
destinations (j). To examine opportunities for trip-chaining, a 1-mile network distance was used as the 
threshold (Rij) for the deviation of a route from origin i to retailer j. A low distance threshold was selected as 
empirical studies have shown consumer preferences for clustered stores when trip-chaining (Brooks, 
Kaufmann, and Lichtenstein 2008). Activity opportunities were then evaluated along the route to each SNAP 
retailer to compute T as specified in (2). 

We evaluated the store characteristics of relative price (p) and inventory diversity (w) through in-situ store 
surveys using a market basket based on the USDA Thrifty Food Plan (Carlson et al. 2007). Diversity of items 
was defined as the percent items in the market basket carried by a retailer; prices of items were assessed based 
on the average price. However, because we lacked data regarding product quality (q) and service quality (y), we 
turned to total sales volume (v) to proxy for these other store qualities, which is a very common practice in 
studies of retail choice (Campo and Gijsbrechts 2004). Total sales volume additionally captures consumer 
purchases of non-food items, such as toiletries and clothing which may play an important role in driving 
multipurpose shopping trips. However, a certain segment of SNAP retailers, such as convenience store 
SNAP retailers, may have a high sales volume that is independent of the food or other goods they sell. For 
this class of retailer, the food and goods sales volume of SNAP retailers were interpolated based on the 
association between the number of employees and sale volume for food retailers.  

To make each factor comparable, the variables were normalized to the study area with the exception of item 
diversity, which was already formulated a percentage. Sales volume was normalized using the maximum sales 
volume in the vicinity of the study area. Relative price was normalized using the maximum price per item 
found in the study area. Opportunity counts were normalized using the total number of opportunities in the 
analysis area. Distance was normalized by dividing by 20 miles, the maximum distance used for rural 
supermarket accessibility in the USDA Food Access Research Atlas (Rhone et al. 2017). With all variables 
normalized between zero and one, additive combination becomes feasible. 

The three normalized store metrics were combined to compute s in equation (3): retailers with higher sales 
volume and greater diversity of inventory gain a higher desirability score, while relative price operates in the 
opposite direction, with higher prices leading to less desirability. 



C-46 

 

𝑠𝑠 = ℎ(𝑤𝑤, 𝑞𝑞,𝑦𝑦,𝑝𝑝) =  𝑤𝑤+𝑣𝑣
𝑝𝑝

         (5) 

The normalization allows calculation of the attractiveness score based on trip-chaining and store 
characteristics through linear addition, resulting in the model of attractiveness (A) as: 

𝑆𝑆 =  𝑠𝑠+𝑡𝑡
𝑑𝑑

            (6) 

Here we did not apply a complex distance decay function (such as a gravity model or negative exponential 
model) by simply assuming that accessibility decreases with distance. While we chose to combine store 
attractiveness factors additively, other methods of combination can be employed.  

Results 

To examine the differences between our method and the widely used proximity approach, we compared food 
access assessment and the associated travel distance. While the conventional proximity based approach always 
treats nearest store(s) as the most attractive store(s), our approach may give different assessment due to the 
consideration of store characteristics as well as other aspects of convenience due to travel. Our food access 
comparison examines the accessibility scores (A) of the most attractive store given by our new approach and 
the conventional proximity based approach (Figure 4a). Figure 4b gives the food access comparison using 
three most attractive stores following the research by Broadbridge and Calderwood (2002) describing rural 
consumer use of primary, secondary, and supplementary shops for their shopping needs. The travel distance 
associated with the (three) most attractive store(s) in Figures 4 was evaluated and compared in Figure 5.    



C-47 

 

 

Figure C-4. Attractiveness Score of Nearest Retailer compared to the Most Attractive Retailer 

The significance of the comparisons was evaluated using paired student’s t-tests (see Table 2). Results show 
that the comparisons are all statistically significant. On average, the access score of the most attractive retailer 
given by our method was nearly double the score of the most attractive/nearest retailer according to the 
proximity approach, and when averages of three stores are considered, this pattern still holds. Therefore, 
there is a significant difference between the access scores of near retailers compared to most attractive 
retailers considering factors beyond the home-market distance. Comparing distances to retailers shows that 
the most attractive retailers incorporating store characteristics and trip-chaining are significantly further than 
the nearest retailers. This also suggests that the widely used proximity measure may significantly 
underestimate the travel that rural people undertake for obtaining food.  
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Table C-2. Access and Travel Distance Comparison of Nearest and Most Attractive Stores 

 
 

No. of observations Mean t Stat p-value  

 

Attractiveness Score 

Nearest store 735 49.267 -17.238 <0.001 

Most attractive score 735 83.964     

Three nearest stores 735 36.238 -24.694 <0.001 

Three most attractive stores 735 57.505     

 

Travel Distance 
(miles) 

Nearest store 735 3.464 -21.134 <0.001 

Most attractive score 735 5.686     

Three nearest stores 735 4.720 -15.243 <0.001 

Three most attractive stores 735 7.365     

 

Examining the differences spatially (Figure 4), we show that the largest differences occur in the more rural 
areas outside of town centers. This fits with the geographic distribution of retailers—large retailers such as 
major supermarkets and superstores are typically located within town boundaries and in business districts 
with high opportunities for trip-chaining and multipurpose shopping trips. Individuals living in town have 
high access to a wide array of retailers within a short distance and are more likely to be allocated to a large 
retailer even by the proximity method. While those living outside town boundaries are also likely to shop at 
large stores in towns, the conventional method will assign them a small retailer such as a convenience store 
that is closer but does not meet typical grocery shopping needs. However, according to the new approach, 
less than 15% of areas have the nearest stores as the most attractive store(s) (see Figure 5). When the most 
attractive store was concerned, the new approach allocated 45 percent of areas to a large supermarket and 43 
percent of areas to a superstore, compared to 9 percent allocated to a supermarket and 0.4 percent allocated 
to a superstore when only proximity was considered.  
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Figure C-5. Areas Allocated to Nearest Store versus a non-Nearest Store using the Attractiveness Scores 

Discussion  

Studies of overall food access have relied predominantly on proximity-based measures with little 
consideration of travel behavior or store characteristics that may greatly influence grocery shopping strategies 
(McEntee and Agyeman 2010; Yeager and Gatrell 2014). We show that there are serious drawbacks to using 
proximity measures for evaluating food access, especially in the rural context. Our empirical study suggests 
that the nearest store may often not be the most attractive store that residents are more likely to shop at. This 
misallocation then underestimates the distance that individuals actually travel to acquire food and 
overestimates their food access. As a result, such misallocation may lead to ineffective efforts to increase 
equity in access to health food. 

Beyond proximity, considering strategic travel behaviors such as trip-chaining and multipurpose shopping as 
well as attractive factors of stores such as pricing and item diversity allows more realistically modeling of 
consumer behavior. Thus though our measure remains a potential access measure in that it does not reflect 
actual consumer trips, it presents a picture of access more reflective of current research on food shopping 
behavior. Both Bao and Tong (2017) and Lin et al. (2014) demonstrated that consumers often bypassed the 
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nearest store when grocery shopping. As discussed above, a recent national study found that while the 
average SNAP participant lived 1.88 miles from the nearest grocery store, participants traveled an average of 
3.26 miles to their primary store for grocery shopping (Ver Ploeg et al. 2015). Although we do not have actual 
grocery shopping data, the similarity between the ratio of distance to primary store to distance to nearest 
store of 1.73 found in Ploeg et al. (2015) and the ratio of distance to most attractive store to distance to 
nearest store of 1.64 found in this study suggests that the most attractive store(s) identified using our method 
may be reasonable. 

While food access remains a robust field of research, little attention has been paid to certain populations, 
particularly rural residents and recipients of public nutrition assistance. Those few studies of SNAP recipients 
have focused predominantly on the urban context (Shannon 2015; Wood and Horner 2016). Our research 
provides an important empirical study on food access in rural areas especially communities highly relying on 
government assistance programs. Our findings show that many rural residents may need to travel much 
farther than what prescribed by the commonly used proximity access measures. This imposes a burden on 
low-income people who often have limited budget for transportation. The long-distance travel especially 
present a barrier to people who are less mobile given the limited availability of public transportation in rural 
areas.  Those who do chose to shop at the nearest store as opposed to the most attractive store face higher 
prices and poorer item selection, which may negatively impact household food security. 

Although the construction of our measure is based on existing patterns of consumer retail choice and our 
empirical study appears to be reasonable and consistent with findings found among general SNAP 
participants (Ver Ploeg et al. 2015), research is needed to further validate our model with actual consumer 
behavior. Comparing the retail allocations of our approach with actual shopping choices of rural SNAP 
recipients will allow an evaluation of the measure’s performance in modeling consumer behaviors and 
possibly help identify ways to further refine the measure. Additionally, we currently consider attractiveness 
factors for stores such as price and item diversity independently, though these factors may also interact with 
each other. Further research is needed to explore the interactions between attractiveness factors.  

Our measure does have several limitations. First, as a place-based measure, it does not take into account 
individual’s activity spaces and normal routes of travel, which may influence retail choice (Chen and Kwan, 
2015). In our empirical test of this model, we modeled only vehicular travel to food retailers. This fits our 
study area, which is in a rural county with no public transport and a built environment that is very unfriendly 
to pedestrians. Further studies in a setting more conducive to pedestrian or public transit travel should adjust 
travel measures to reflect other modes of transportation (Wood and Horner 2016).  

The trip-chaining component of this measure remains quite simple—no distinction is made between types of 
opportunities. Additionally, this component remains a potential measure, where individual activity data are 
not considered. A weighting scheme and further refinement of the trip-chaining component to reflect activity 
data and choice-set formulations within activity space could improve the measure (Chen and Kwan, 2012). 
Finally, in our application the trip-chaining component only considers food retailers as a final stop before 
returning home. While this assumption is supported by empirical findings that the majority of shoppers 
return directly home following grocery shopping (Bao and Tong, 2017), computation could be performed to 
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allow the food retailer to serve as a stopover could further refine the analysis. In addition to the practice 
usefulness, we note the computational challenges for performing such kind of analysis: for the application in 
this study, the trip-chaining component as formulated involved calculation of 85,250 origin-destination route 
geographies. To calculate this component with the food retailer as the intermediate stop would require 
calculation of 535,080 additional route geographies. 

Conclusion 

Current food access measures generally overlook rural and public nutrition assistance populations and fail to 
take into account strategic travel behaviors and store characteristics in evaluating food access. This paper fills 
in the research gaps by developing a measure that accounts for travel behaviors and important retail 
characteristics and providing an empirical study in a rural setting considering public nutrition assistance retail. 
Application of this new method demonstrates that simple proximity measures overestimate access through 
allocation of individuals to many nearest but low-attractiveness stores. While distance to a nearby food retail 
location is important, the distance to a highly desirable retailer with a wide selection of items and more 
affordable prices may be more critical to meeting household food needs.  

While individual-based measures of accessibility based on primary data collection appear highly promising for 
measuring food access, data needed for such measures are expensive and difficult to obtain. Our study 
provides a food access framework that integrates predominantly publicly-available secondary data to account 
for strategic travel behaviors and important store characteristics in food access evaluation. This research 
provides important insights into planning of programs to support access to healthy and nutritious food for all 
people, especially those currently enrolled in public nutrition assistance programs.   
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D. FOOD IN REACH: A MIXED-METHODS 
APPROACH TO PUBLIC ASSISTANCE FOOD 
RETAIL IN RURAL ARIZONA 

Abstract 

The current public food assistance system in the United States depends primarily on delivery through 
vouchers for use in food retail markets. Therefore, sufficient access to food retail is a particularly important 
need for participants in these programs. We utilize a mixed-method approach to provide a snapshot of food 
accessibility in rural communities and discuss the policy implications of our findings. We examine the spatial 
accessibility of retailers participating in the SNAP and WIC programs through an application of a potential 
spatial access measure that takes into account drivers of store choice and compare this potential access to the 
realized access of 32 recipients of SNAP or WIC benefits in five rural communities across Arizona. Through 
semi-structured qualitative interviews, we also identify other key facets of food accessibility, store choice, and 
program access in rural communities as well as the role that informational and attitudinal factors play in food 
acquisition and food security. We find that store choice and travel behavior are heavily influenced by the food 
retail distribution in the community. While physical access is a challenge for some rural residents, there are 
many barriers beyond spatial separation, including financial constraints, physical disability, family 
responsibilities, and stigma attached to public assistance program. Our findings suggest that physical access is 
often over-estimated in rural areas, and efforts to improve access to food retail in rural areas must consider 
the complicated reality of food acquisition influenced by multiple dimensions of daily life.  
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Food access has been increasingly recognized as an important public health concern. Studies suggest that 
individuals with better access to food retail outlets that carry healthy food such as fresh fruits and vegetables 
consume high quantities of healthy food (Caspi et al., 2012), and it has been widely theorized the poor food 
access contributes to both higher food insecurity and higher rates of obesity (Feng et al., 2010; Walker et al., 
2010). However, many studies of food access environments have concluded that more robust measures of 
access are needed to fully unpack the effects of the “black box of places” on health outcomes (Cummins & 
Macintyre, 2002, p. 131). Despite this need for further research, we know that there are continuing disparities 
in who has sufficient access to food, namely those with lower socioeconomic status face higher barriers to 
food access (Walker et al., 2010). These populations are also at highest risk of food insecurity (Coleman-
Jensen et al., 2014). The most recent study conducted by the United States Department of Agriculture 
(USDA) estimated that 12.3% of American households (41.2 million people) were food insecure in 2016 
(Coleman-Jensen et al., 2017). 

The current public food assistance system in the United States seeks to ameliorate food insecurity among 
low-income households and is composed of a number of programs ranging from the Supplemental Nutrition 
Assistance Program (SNAP) to school lunch programs, administered through the United States Department 
of Agriculture (USDA). Two of the largest program are SNAP and the Special Supplemental Nutrition 
Program for Women, Infants, and Children (WIC). Both of these programs work through delivery of 
vouchers to families who cannot afford adequate food due to economic hardship. These vouchers can be 
used in retail markets to purchase qualifying food products. This system of food delivery does not equally 
ensure access for all in need due in part to the uneven distribution of food retailers. Given the reliance of 
these programs on delivery through traditional food retail, sufficient access to food retail is a particularly 
important need for participants in both of these programs.  

Current research on food access has relied heavily on the use of geographic information systems (GIS) to 
measure and analyze neighborhood proximity to food retailers, focusing on neighborhood and community-
level data aggregated from secondary datasets. However, these approaches do not capture the many 
dimensions of access beyond spatial separation of home and retail opportunities. Additionally, relatively scant 
research has been focused on the assessment of food access in rural settings. This study aims to fill these gaps 
through the use of both quantitative and qualitative analyses of food access for rural public food assistance 
recipients in Arizona. We incorporate both spatial analyses of the physical accessibility of retailers that accept 
food assistance benefits and the perspectives of rural assistance recipients on the accessibility of retail, 
barriers to accessing sufficient food, and challenges they face within the public assistance system. Through 
the synthesis of these methods, we provide a snapshot of food accessibility in rural communities and discuss 
the policy implications of our findings.  

 Food Access: From potential to realized 

The idea that neighborhood access to food retail outlets influences the health of neighborhood residents was 
developed out of the socio-ecological model of health and the assertion in public health that “place matters” 
(Marmot, 1998; McLeroy, Bibeau, Steckler, & Glanz, 1988).  The study of ‘food deserts’—areas lacking spatial 
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access to nutritious and affordable food—is predicated on the notion that insufficient access to food retail 
outlets negatively influences food security and nutritional health (Bader, Purciel, Yousefzadeh, & Neckerman, 
2010; Cummins & Macintyre, 2002; McKenzie, 2014). Studies of food deserts have found that physical access 
to food retail is more limited in low-income neighborhoods (Walker et al., 2010).  

Majority of existing food access studies are area-based, primarily focusing on measuring proximity of markets 
available to a neighborhood or community which is often operationalized based on a census data collection 
unit such as census tract.  The associated measures are often constructed based on simple proximity measures 
or density measures (Lytle & Sokol, 2017; McKinnon et al., 2009). The widely-used definition of a food desert 
from the United States Department of Agriculture (USDA) designates food deserts as low-income census 
tracts where the closest supermarket is more than a mile away in urban neighborhoods or 10 miles away in 
rural communities (Ver Ploeg et al., 2012). 

While such area-based measures depict a general spatial availability of markets to various neighborhoods, they 
are limited in understanding the complex food obtaining process. Current area-based food access measures 
may find much variation when compared to individuals’ actual food obtaining pattern. For example, a 
number of studies have consistently reported that individuals often bypass the nearest store when shopping 
(Cannuscio et al., 2013; Shannon & Christian, 2017; Ver Ploeg et al., 2015). A burgeoning body of research 
has even questioned the utility of the food desert concept given its neglect of individual mobility, consumer 
choices, and social and cultural characteristics that influence food shopping behavior (Caspi et al., 2012; 
Marshall, Dawson, & Nisbet, 2017; McEntee, 2009; Rose et al., 2010; Shannon, 2013). These studies call for 
more nuanced examinations of food access that take into account multiple dimension of accessibility.   

The discrepancy between food access described by widely used area-based measures and the individual level 
actual access is also related to the notion of normative measures and positive measures (Páez, Scott, & 
Morency, 2012), also referred to as potential access and realized access. Normative measures consider access 
in terms of the travel an individual should incur, whereas positive measures describe actual travel behavior. 
The measures used in the USDA Food Access Research Atlas are normative, prescribing a distance that 
individuals should travel to acquire food. By contrast, positive measures of accessibility, as conceived by Páez 
et al. (2012), describe the costs individuals actually incur in pursuit of an opportunity—how far they are 
willing to travel or the time they are willing to spend travelling to acquire food. Such measures of accessibility 
are predicated on individual travel behaviors rather than a general prescription of what travel is reasonable. A 
number of studies of positive or realized food access have been undertaken in urban settings (Cannuscio et 
al., 2013; Shannon, 2015; Shannon & Christian, 2017). However, these kinds of studies require intensive 
investment of time and analysis of individual level data that are limited in availability, which makes such 
research challenging to conduct.  

The main limitations of the current area-based food access measures lie in their inability to go beyond the 
physical home-market separation to incorporate a broader range of influential factors. Several frameworks of 
food access have been proposed in the literature to describe these factors. These frameworks range from the 
adaptation of Penchansky and Thomas’s (1981) taxonomy of access from a health care setting to food 
environments by Caspi et al. (2012) to ecological approaches that embed the individual within social 
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networks, physical environments, and cultural contexts (Rodriguez & Grahame, 2016; Smith & Morton, 
2009). We find it useful to call on Shaw’s (2006) conception of access as having three contributing factors: 

o ability (problems that prevent consumers from physically accessing food they could otherwise 
afford and want to acquire),  

o assets (problems that prevent consumers from affording food they could physically access and 
want to acquire), and  

o attitudes (‘state of mind’ problems that prevent consumers from acquiring food they can afford 
and physically access) 

These three components have been reframed by McEntee (2009) as physical access, financial access, and 
informational access, all of which shape and constrain individual choices in food shopping. It is important to 
note here that McEntee reframes the attitudinal dimension of access as informational access as lack of 
knowledge is one of the primary examples of attitudinal barriers provided by Shaw (2006). We however 
choose to retain both aspects of this dimension in our conceptualization. We further explore these three 
dimensions as they pertain to rural food assistance recipients, while recognizing the interplay between all 
three of these facets of food access.  

Physical access or ability deals in part with the issues of spatial separation discussed above. Compared with 
others, rural residents must contend with what Wilkinson (1991) deems the “friction of rural space,” where 
the dispersion of population over a large physical area compounds problems of physical access. In rural 
communities, given the lack of public transportation, access to a vehicle plays a critical role in an individual’s 
ability to access food and other opportunities (Arsneault, 2006; Sharkey, Horel, & Dean, 2010; Warner & 
Hefetz, 2002). Rural households with no access to a personal vehicle often rely on an informal network of 
family and friends who can provide rides to retailers (Marshall, Dawson, & Nisbet, 2017; Sano et al., 2011). 
These arrangements further constrain where and when individuals can shop for food.  

Beyond spatial separation and transportation access, temporality, household structures, and individual 
characteristics may influence an individual’s ability to physically access food retail. As Shaw (2006) noted, 
physical disabilities may impede an individual from getting to a food retailer, shopping within a food retailer, 
and opening and preparing certain food products. Household structure also influences individuals’ ability to 
physically access food. According to data from the USDA National Household Food Acquisition and 
Purchase Survey, women are the primary food shoppers in at least two-thirds of household (Todd & 
Scharadin, 2016). Carnahan et al. (2016) noted in a study of rural women receiving WIC that the shear 
amount of responsibilities women juggle between work, raising children, and maintaining a household leave 
little time or energy for food shopping and preparation of food. In families with children, women may need 
to bring children with them while grocery shopping, which influences the time it takes to shop and the ease 
of shopping (Wiig & Smith, 2009). Finally, the temporal dimension of physical access affects all shoppers. 
The ability to shop at a food retailer is constrained by the operating hours of that retailer and how well they 
match the free time available to shoppers (e.g., the time that an individual is not at work or engaging in other 
responsibilities) (Chen & Clark, 2013; Chen & Kwan, 2017; Widener & Shannon, 2014). 
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Financial access or assets are another major influence on food shopping behavior, particularly for recipients 
of public assistance benefits who may be already under significant financial stress. In the case of SNAP, given 
the limited allotment of benefits to purchase foods, households may become highly price-sensitive, and the 
cost of food may be a larger driver of store choice than spatial proximity (Lin et al., 2014; Taylor & Villas-
Boas, 2016). In rural areas, costs of groceries are estimated to be significantly higher than in urban areas, 
which may lead to out-shopping behavior where residents travel to larger population centers to access more 
affordable foods (Bardenhagen et al., 2017; Bitto et al., 2003; Marshall, Dawson, & Nisbet, 2017). 
Compounding the issue of transportation access mentioned above is the need for financial resources to pay 
for gas—even if a household owns a functioning vehicle, the cost of gas, insurance, and maintenance may 
render the vehicle useless (De Marco & Thorburn, 2009; Scholl, 2002). In response to the financial 
constraints on travel, rural recipients more frequently undertake strategic travel behaviors, such as out-
shopping as discussed above, and trip-chaining, where multiple errands and trips are linked together to 
minimize the time spent and distance travelled (Broadbridge & Calderwood, 2002; McEachern & Warnaby, 
2006). In addition to the effects of financial assets on physical access, financial assets have been repeatedly 
shown to influence household food security; low-income households are much more likely to experience 
food insecurity (Chang, Chatterjee, & Kim, 2013; Choi, Fram, & Frongillo, 2017). Unstable employment and 
housing may contribute to more limited budgets with which to purchase food, even with the addition of food 
assistance benefits (Sano et al., 2011).  

Informational access or attitudes comprise the dimension of access most commonly overlooked in studies of 
food access (McEntee, 2009). Shaw (2006) suggests examples of attitudinal barriers may include lack of 
knowledge around food preparation or cultural attitudes about certain foods. McEntee (2009) emphasizes 
nutritional knowledge when it comes to choosing healthy food. As we intend to explore overall access to 
food, not specifically to food deemed ‘healthy,’ we take an approach closer to Shaw’s, emphasizing knowledge 
of food preparation as well as food preferences. However, we also expand this concept to include affect, the 
emotional or visceral reaction to certain shops or programs, which was lightly touched upon by Shaw in his 
original framework. Shaw (2006) highlighted reluctance to use certain shops due to fear of crime as an 
example of an attitudinal barrier. Here, we specifically include affect in the dimension of attitudinal access due 
to the widely acknowledged stigma associated with public assistance programs (Curtis, 1997; Lawson & 
Elwood, 2014). 

Studies of rural food access have found that, similar to Shaw’s (2006) findings, attitudinal and informational 
access such as knowledge of food preparation and cooking are important to sufficient food access. De Marco 
and Thornburg (2009), in a study of rural Oregonians, found that skills in food-stretching were an important 
coping strategy for dealing with food insecurity. Respondents reported coupon use, use of recipes that could 
make food last longer, and ways of finding alternative food such as hunting or gardening were all important in 
making sure their households had enough food. These findings have been echoed in several other qualitative 
studies of food access and security amongst rural residents (Carnahan et al., 2016; Sano et al., 2011; Smith & 
Morton, 2009). Perceptions of the food environment may also influence access to food retail. Again similar to 
Shaw’s findings in his conception of attitudinal access, consumer’s conceptions of a store as clean or safe as 
well as perceptions of the food as fresh or a good value will shape the choices regarding the stores they shop 
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at (Clarke et al., 2004; Pan & Zinkhan, 2006). Cultural preferences for certain foods may also lead consumers 
to seek out stores where specific foods are carried (Shannon, 2015).   

For recipients of public food assistance, benefits received through these programs often form a large part of a 
household’s food budget. Thus, program accessibility mediates food access for these individuals and 
households, and, like food access, it possesses the same dimensions of ability, assets, and attitudes that shape 
overall accessibility. Both the SNAP and WIC programs require frequent re-certification to maintain benefits, 
which must be done in-person in the case of WIC (Oliveira & Frazao, 2015). For SNAP re-certification, 
documents can be submitted online or by fax, but doing so requires either internet access or a fax machine. 
Because internet access is often lacking in rural areas (Ryan & Lewis, 2017; Whitacre, 2010), many recipients 
re-certify in person, which requires travel to a local government office. The lack of physical locations of these 
offices in rural areas as well as the time it takes to complete interview or wait to be served often create 
barriers to enrollment or re-certification (De Marco & Thorburn, 2009). Income and financial assets directly 
affect food assistance program eligibility; households that see an increase in income may find themselves 
falling off the ‘benefits cliff,’ where food assistance benefits are cut due to higher income, but that income 
increase is not enough to make up for the lost benefits (Prenovost & Youngblood, 2010). The re-certification 
process also requires provision and maintenance of numerous pieces of documentation, and the time and 
effort this takes may lead to “limiting entitlement through regulation,” setting procedural hoops for 
prospective applicants to jump through in hopes that only those ‘truly in need’ will be willing to persevere 
through the process (Amott, 1990, p. 291). 

There may be additional attitudinal barriers to program access in the form of stigmatization of receipt of 
public assistance. Multiple authors have noted the stigma associated with participation in welfare programs 
(Curtis, 1997; Lawson & Elwood, 2014; Peck, 1998; Seale, 2012). This stigmatization has been promoted 
through the equating of the welfare system with ‘dependency’ and ‘irresponsibility’—to participate is to 
accept those labels (MacLeavy & Peoples, 2009). In small rural communities, where word spreads quickly, 
stigma may prove a particularly high barrier to program participation and thus access to food benefits (Jarosz 
& Lawson, 2002; Lawson, Jarosz, & Bonds, 2010).  

A mixed methods approach 

Current research on food access has relied heavily on the use of geographic information systems (GIS) to 
measure and analyze neighborhood proximity to food retailers, focusing on neighborhood and community-
level data aggregated from large secondary datasets. Such methods often benefit from easily accessible area 
level data (such as census data on low-income populations) and have contributed to the privileging of physical 
and financial dimensions of access at the area-level over informational and attitudinal factors, as capturing 
these latter factors as well as financial dimension at the household level often requires primary data collection 
and is shaped at the individual level (McEntee, 2009). In order to move beyond area-level assessments of 
physical and financial access that overlook attitudinal and informational influences, more qualitative factors 
need to be taken into account in spatial analyses of food access. This will require use of mixed methods, of 
tools such as interviews and direct interactions with individuals, to capture both the environmental factors at 
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play such as distance and store availability, alongside individual choices and preferences and strategy in 
acquiring food.  

Out of these discussions of the limitations of a purely quantitative approach, critical GIS has moved toward 
the development of mixed methods, a synthesis of quantitative and qualitative methods to capture both the 
robust analysis allowed by quantitative research with the richness and complexity of qualitative data (Elwood, 
2009). Critical GIS emerged in the late 1990s and early 2000s out of conflicts between GIS advocates and 
social theorists who viewed the technology as return of positivism in human geography. Critical GIS 
scholarship frames GIS as not only technological but also social and political; and from this understanding of 
the ways in which GIS is tethered to relations of power has come multiple studies of the ways in which GIS 
can be used to empower marginalized groups (Elwood, 2006; O’Sullivan, 2006; Schuurman, 2006; E. 
Sheppard, 2005) In the same vein, feminist geographers have explored the ways that GIS can be used beyond 
quantitative positivism, through qualitative, theory-building, and mixed methods studies that pay special 
attention to the everyday experience (Knigge & Cope, 2006; M.-P. Kwan & Knigge, 2006; Matthews, 
Detwiler, & Burton, 2005; McLafferty, 2002; Pavlovskaya & St. Martin, 2007).  

Examinations of food environments using critical GIS have thus far been limited, with most mixed methods 
GIS studies focusing on urban gardens (Knigge & Cope, 2006; Preston & Wilson, 2014). The few 
applications of critical GIS to food retail environments have been limited to the urban setting (Shannon, 
2015). This study aims to apply these methods to a rural context, where dispersed populations with lower 
incomes, limited retail opportunities and infrastructure present greater challenges for residents to access to 
food (McEachren & Warnaby, 2006; McEntee & Agyeman, 2010; Yeager & Gatrell, 2014). Despite these 
greater burdens, very few studies have been undertaken to examine individual-level food access in rural areas 
in the U.S., and these few existing studies have been purely qualitative in nature or limited by a small sample 
sizes of nine or ten participants in the few mixed-method studies (Andress & Fitch, 2016; Rodriguez & 
Grahame, 2016; Smith & Morton, 2009; Thatcher et al., 2016)  

We utilize the mixed-method approach to provide a thicker analysis of food access in rural Arizona. We 
examine the spatial accessibility of retailers participating in the SNAP and WIC programs through an 
application of a potential spatial access measure that takes into account drivers of store choice such as relative 
affordability, diversity of food items available, as well as opportunities for trip chaining. We then compare this 
potential access to the realized access of 32 recipients of SNAP or WIC benefits in five rural communities 
across Arizona. Through semi-structured qualitative interviews, we also identify other key facets of food 
accessibility, store choice, and program access in rural communities as well as the role that informational and 
attitudinal factors play in food acquisition and food security. We thus seek to provide a richer portrait of food 
access in communities in the rural American Southwest through the combination of geospatial data with the 
lived experiences of residents. 
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Methods 

Study Area 

This study focuses on the rural areas of Arizona, a state in the southwestern United States. Arizona’s rural 
areas present a particularly suitable site for a study of retailer accessibility due to the remoteness of many 
communities—the average driving time to the nearest SNAP retailer for rural residents in 2014 was 33 
minutes (Walsh, Tanoue, & Daws, 2016). The state contains a wide array of diverse settlements, including 
border towns on the U.S.-Mexico border in the south of the state, mining communities settled since the mid-
1800s in the eastern mountains, agricultural towns and retirement destinations towards the west, and popular 
vacation communities and recreation areas in the northern mountains and canyons. There are twenty-two 
tribal reservations in the state, comprising a significant proportion of land in the state. According to the 2010 
U.S. Census, the state has a population of 6.4 million, with 5.1 million living in urbanized areas (cities with 
populations exceeding 50,000). Of the remaining 1.3 million people, roughly half (622,876) live in clusters, 
cities and towns with population ranging from 2,500 to 50,000, and half (651,358) in rural areas.  

Within rural Arizona, five communities were selected for the study of food access in consultation with 
SNAP-Ed staff as part of the interview recruitment process (also see Figure 2). Five rural communities across 
Arizona were identified as study sites due to their potentially differing levels of accessibility due to their 
varying remoteness and diversity of retailers. The Springerville/Eagar community is composed a pair of 
directly adjacent towns in a ranching area with a combined population of just over 5,000 in the 2010 
Decennial Census. The Benson community contains one small city and several unincorporated communities 
along a major highway corridor with a population of about 6,000. The Willcox community is composed of a 
small city surrounded by agricultural land with a population of just under 4,000.  The Verde Valley area 
contains a small city and town with a strong agriculture and tourism focus and a population of just over 
20,000. Finally, the Cordes Junction community, with a population of about 4,000, includes several 
unincorporated communities with large retired populations outside a mid-sized city in central Arizona. These 
communities have a wide degree of variability in their access to food retailers, ranging from a community with 
no grocery store retailers to a community with more than five major chain grocery retail options.  

Quantitative Access Measure 

The quantitative spatial component of this study involved the mapping of predicted access to food retailers 
using a place-based measure that accounts for store characteristics and strategic travel behavior. Following the 
methods outlined in Tanoue and Tong (2017), we defined the study area around each identified community 
using Reilly’s law of retail gravitation and mapped both food retailers accepting SNAP or WIC benefits and 
other activity opportunities within 50 miles of these study areas. Authorized SNAP and WIC retailers were 
identified through the USDA SNAP Retail Locator tool and the Arizona Department of Health Services WIC 
Vendor List. Potential activity opportunity sites included community anchor sites (schools, major employers, 
medical facilities, and religious facilities), opportunities for shopping (department stores, big box stores, 
hardware stores and home improvement centers, and pharmacies), and entertainment sites (restaurants and 
cinemas). These sites were identified and located through ReferenceUSA, a major U.S. business database, and 



D-67 

 

state databases from the Arizona Department of Education and Arizona Department of Health Services. 
Census block centers were used to proxy for home locations within the target communities. 

The measure of accessibility of a store j to an area i was formulated to account for three major components: 
the spatial proximity of the retailer (d), the cumulative potential opportunities for trip-chaining (t), and major 
store characteristics that might influence store choice (s) (Tanoue & Tong, 2017). Then the overall food 
access for area i was evaluated by considering the attractiveness of all stores and the distances of travel 
required to reach scores with the highest attractiveness scores. See Paper 2 in this thesis for a full specification 
of the model and its components. 

𝑆𝑆 = 𝑓𝑓(𝑖𝑖, 𝑒𝑒, 𝑠𝑠) =  𝑔𝑔(𝑠𝑠,𝑡𝑡)
𝑒𝑒(𝑑𝑑)

   

Data on store characteristics were gathered both through ReferenceUSA as well as in-store observation and 
evaluation of the availability and price of a market basket of items based on the USDA Thrifty Food Plan 
(Carlson et al., 2007). Since empirical studies have shown consumer preferences for clustered stores when 
trip-chaining, a low trip deviation threshold of 1-mile network distance was used (Brooks, Kaufmann, and 
Lichtenstein 2008). For the distance function, we used a gravity-type negative exponential distance function 
with a beta weight of 0.15. This small beta-weight was selected due to the rural nature of the area in which 
individuals are not highly discouraged by further travel distances (Black, 1973; Kwan, 1998; Luo & Wang, 
2003; Sheppard, 1979). All factors were normalized to each study area to allow linear addition. Following the 
research by Broadbridge and Calderwood (2002) describing rural consumer use of primary, secondary, and 
supplementary shops for their shopping needs, we calculated access through the average of the travel distance 
associated with the three most accessible stores. We compared this method of calculating food access to two 
other methods of predicting access: the average distances traveled to the three nearest stores and the 
distances traveled to the three nearest supermarkets. Supermarkets were defined following the USDA Food 
Access Atlas definition of a store classified as a grocery store retailer or superstore by NAICS code with more 
than two million dollars in annual sales volume.  

Interviews 

In each of the five target communities, 6-8 individuals were recruited for semi-structured interviews. Individuals 
were recruited through attendance of SNAP education classes, food bank events, recommendations from 
community service providers and SNAP educators in the community, and snowball sampling. The criteria for 
inclusion in the study required that recipients had received SNAP or WIC within the last year, were over the 
age of 18, and were primarily responsible for their own grocery shopping. Participants received a $15 gift card 
in return for their completion of the interview. Table 1 provides a summary of study participants (n=32).  

These interviews were used to identify typical shopping locations and shopping behavior by both the 
interviewee and their neighbors as well as the barriers to food retail (e.g., cost, language, vehicle availability, 
etc.) and food assistance programs experienced by both the interviewee and by other individuals they know in 
similar situations. The interview consisted of four modules to facilitate semi-structured interviews. The first 
module explored grocery shopping behaviors through questions directed at store choice, travel behaviors, 
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food item selections, food budgets, store preferences, and difficulties encountered when grocery shopping. 
The second module assessed household food security using the USDA Household Food Security short-form 
instrument (Bickel et al., 2000). The third module covered attitudes toward food assistance programs through 
inquiring into food resources in the community, attitudes toward SNAP and WIC programs, and the degree 
to which food assistance programs are used in the community. The final module included demographic 
questions include age, gender, marital status, educational attainment, race and ethnicity, vehicle availability, 
internet use, employment status, and home location.  

In the third module, we specifically inquired not only about individual attitudes, but also those of others, 
including other family members, neighbors, and friends. In doing so, we aimed to increase the validity of data 
gathered by relying on the triangulation technique—collecting data about each interviewee’s perceptions of 
the behaviors of other actors in similar situations (Rothbauer, 2008). Other studies of public assistance in the 
U.S. have noted that there is significant stigma attached to the receipt of assistance, particularly in small, rural 
communities (Duncan, 1999; Lawson & Elwood, 2014; Lawson, Jarosz, & Bonds, 2008). Thus, use of a 
triangulation technique allowed participants to disclose potentially sensitive information more freely. In light 
of the sensitive nature of topics discussed in these interviews, participants are referred to by pseudonyms, and 
the particular community to which participants belong is not disclosed. Interviews were transcribed and 
coded for major themes, and specific data on stores patronized and travel patterns were extracted for 
comparison with the quantitative measure.  

Overall, participants were predominantly female (90.6%), compared with the national average of two-thirds 
found by FoodAPS (Todd & Scharadin, 2016). The majority of participants identified as non-Hispanic white 
(71.9%), followed by Hispanic or Latino (21.9%) and American Indian (6.33%). This racial and ethnic 
composition matches well with that of the study area. In the three counties in which the five target 
communities are located, 69 percent of the population identified as non-Hispanic White, 15 percent as 
Hispanic or Latino, and 12 percent as American Indian according to the 2010 U.S. Census. Education levels 
among participants varied across all levels. The maximum annual income recorded by a participant was 
approximately $37,000, and the majority of the sample (78.1%) reported an income of less than $20,000 
annually. Most participants were not working (78.1%), though only 12.5 percent were unemployed. Most of 
the sample reported that they were retired (21.9%), unable to work due to disability (15.6%), or staying at 
home with children (34.4%). Almost half of the sample (43.8%) reported that there were children under the 
age of 18 in their household. Just over half of participants reported currently receiving SNAP benefits only 
(53.1%), 18.8 percent reported receiving both SNAP and WIC benefits, 18.8 percent reported receiving WIC 
benefits only, and 9.4 percent reported that they were in the process of applying for SNAP benefits. Of the 
three participants in the process of applying for SNAP, two had previously received SNAP benefits, and one 
had previously received WIC. 
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Table D-1. Demographic Characteristics of Interview Participants 

Participant Characteristics (N=32) n % 

Gender Female 29 90.6% 
Male 3 9.4% 

Age 

Age 19-29 10 31.3% 
Age 30-59 12 37.5% 
Age 60-83 10 31.3% 
Mean Age 47.1   

Race/Ethnicity 
White, not Hispanic 23 71.9% 
Hispanic or Latino 7 21.9% 
American Indian 2 6.3% 

Education 

Less than High School 5 15.6% 
High School or GED 6 18.8% 
Some College 9 28.1% 
2- or 4-Year Degree 7 21.9% 
Postgraduate Degree 5 15.6% 

Income 

Not Answered 3 9.4% 
No Income 5 15.6% 
< $10,000 5 15.6% 
$10,000-19,999 12 37.5% 
$20,000-29,999 3 9.4% 
$30,000-37,000 4 12.5% 
Median Annual Income $13,800   

Work Status 

Working Full or Part-time 5 15.6% 
Disabled 5 15.6% 
Retired 7 21.9% 
Unemployed 4 12.5% 
Stay-at-home parent 11 34.4% 

Household Size 

1 person 11 34.4% 
2 persons 6 18.8% 
3-4 persons 7 21.9% 
5-6 persons 8 25.0% 
Mean Household Size 2.81   

Presence of Children Children Present 14 43.8% 
Mean Number of Children 2.36   

Food Security 
High Food Security 13 40.6% 
Low Food Security 13 40.6% 
Very Low Food Security 6 18.8% 

Internet and Vehicle Access 
No Internet Access 16 50.0% 
No Vehicle 5 15.6% 
Mean Number of Household Vehicles 1.34   

Food Assistance 

SNAP Only 17 53.1% 
WIC Only 6 18.8% 
Both SNAP and WIC 6 18.8% 
Current applying for SNAP 3 9.4% 

Residence 

Unincorporated 7 21.9% 
Town with population <2,500 13 40.6% 
Town with population 2,500-9,999 8 25.0% 
City with population 10,000-20,000 3 9.4% 
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Results 

Potential and Realized Access 

On average, participants shopped at 2.5 stores. Single-store shoppers reported shopping at a single large chain 
supermarket or a big box store in town. Participants who shopped at four or five stores usually reported 
shopping at a big box store, one or two large chain supermarkets, and one or two dollar stores. Participants 
who shopped at two or more stores most frequently reported shopping at one or two large chain 
supermarkets and one big box store. 

 
Figure D-1. Number of stores shopped at for study participants 

When compared across the three food access methods, participants generally travelled further than expected 
to shop for groceries, especially according to the nearest store measure. To reach the stores that participants 
indicated they shopped at in a given month, participants traveled on average between 1.0 and 40.4 miles from 
their home to the stores. Comparisons in distance traveled were made by contrasting the average distances to 
the most attractive, nearest store of any type, and nearest supermarket to the average distance to the actual 
nearest and furthest stores shopped at by participants. However, the average distances traveled varied greatly 
by community, with participants travelling the least distances in the Verde Valley and Benson, and the 
furthest distances in Springerville/Eagar and Willcox.  

Table D-2. Comparison of Average Distances in Miles to Most Attractive and Nearest Stores to Actual Stores visited 

Community Most Attractive Nearest Nearest Supermarket Actual Nearest Actual Furthest 

Benson 7.6 4.4 7.3 7.1 7.4 

Verde Valley 1.2 1.0 2.9 3.0 5.7 

Cordes Junction 16.6 1.4 2.7 14.5 19.5 

Springerville/Eagar 3.8 0.5 0.9 1.0 36.7 

Willcox 4.6 4.4 9.8 8.4 40.4 

Overall 7.3 2.2 4.3 7.0 21.7 

These variations are due to differences in the stores available in each community. The Verde Valley had the 
widest variety of stores available within the community itself, including three big box stores, five large chain 
supermarkets, and multiple smaller dollar stores and convenience stores. This wide availability of stores meant 
that only one of the six participants reported shopping outside of the community. Benson had one big box 
store, one large chain supermarket, and two dollar stores and a handful of convenience stores. In this case, no 
participants reported shopping outside of the community. With this retail mix, participants’ actual nearest and 
furthest travel distances differed the least among the five communities.  For both communities, shopping 
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behavior matched closely to those predicted by allocating participants to the most attractive store and the 
nearest supermarket.  

 

Figure D-2. Map of communities and distances to participants' store selections with selected stores 

In communities with less store availability, participants were much more likely to report out-shopping 
behavior. Springerville/Eagar has two large chain grocery stores, two dollar stores, and several convenience 
stores but does not have any big box stores. As such, five of the seven participants interviewed reported 
travelling over 50 miles to shop at a big box store in another town at least once a month. Willcox has only 
one large chain supermarket, two dollar stores, and a few convenience stores, and three out of five 
participants reported traveling to another town to shop at larger supermarkets or a big box store. For both 
communities, the nearest supermarket measure seemed to be more suitable for describing the least grocery 
shopping travel. Finally, the Cordes Junction community has no large chain supermarkets, only a couple 
convenience stores, and one small independently-owned grocery store that also sells gas. In this community, 
all eight participants reported out-shopping behavior, travelling to a nearby small city to do the bulk of their 
grocery shopping. A couple participants reported using the smaller stores in town to do fill-in shopping for 
items like eggs and milk. For this community, while the nearest supermarket was only 2.7 miles away, 
participants traveled 14.5 miles to the nearest store where they performed grocery shopping, which was more 



D-72 

 

consistent with what the most attractive store measure described by explicitly considering the out-shopping, 
trip-chaining behavior.  

 

Figure D-3. Participant-Selected Stores and Most Attractive Stores  

To further assess the performance of methods of predicting access, we examined the percentage of times a 
method allocated an individual to the store they indicated as their primary shopping store. Primary stores 
were assessed based on the transcripts of interviews by which stores participants indicated they most 
frequently shopped and obtained the largest share of their groceries. Methods of predicting store choice 
performed variably in communities, likely influenced by the differences in store availability discussed above. 
Overall, the attractiveness model that accounted for store characteristics and strategic travel behavior 
performed best across all participants. For all but one participant, the most attractive store was a supermarket 
or big box retailer. However, this model performed most poorly in communities with a wide variety of 
shopping destinations and long distances travelled to out-shop. In the case of Verde Valley, the model poorly 
distinguished between the five large-chain supermarkets available in town. In Cordes Junction, the model also 
struggled to distinguish between four large-chain supermarkets at a nearly equal distance away in a nearby 
larger town. In Springerville/Eagar, participants were allocated to the large-chain supermarkets in town due 
to the long distance to the nearest big box retailer, despite the fact that some participants regularly travelled 
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that distance to go to that store. This is in part due to the challenge involved in determining the best 
parameters/weights to combine the three important factors (distance, store characteristics and trip chaining) 
for most accurately assessing food access.     

Table D-3. Percent of participants' primary stores that were the most attractive, nearest, or nearest supermarket 

Community n Most Attractive Store Nearest Store Nearest Supermarket 

Benson 6 83% 33% 83% 

Verde Valley 6 33% 17% 17% 

Cordes Junction 8 50% 0% 0% 

Springerville/Eagar 7 57% 29% 71% 

Willcox 5 60% 0% 60% 

Overall 32 56% 16% 44% 

The performance of the potential access measures compared to participants’ choices of secondary stores or 
fill-in stores was summarized in Table 4. These stores were those that participants (n=20) reported shopping 
at occasionally or for limited and specific items. Often these stores were grocery stores near a participant’s 
residence or dollar stores that carried specific items at lower prices. Again, the performance of methods was 
highly dependent on the community. The nearest store to participants’ residences was most commonly a 
convenience stores; however, only one participant reported shopping at a convenience store for very specific 
reasons discussed below. Overall, among the three measures the nearest supermarket measure performed the 
best, followed by the attractiveness model. The nearest store was the least accurate.   

 

 

Table D-4. Percent of participants' secondary stores that were the most attractive, nearest, or nearest grocery-type 

Community n Most Attractive Store Nearest Store Nearest Supermarket 

Benson 3 33% 0% 33% 

Verde Valley 4 0% 0% 50% 

Cordes Junction 2 0% 0% 50% 

Springerville/Eagar 6 33% 0% 17% 

Willcox 5 20% 20% 20% 

Overall 20 13% 3% 19% 

Some participants, particularly those who travelled outside of their community to shop, reported trip-chaining 
behavior. Participants reported combining their grocery shopping travel with other activities, such as taking 
kids to school or going to medical appointments.  
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There is a farmer's market in [nearby town] that's open now that I shop at. It's open Monday. And 
that's convenient for me because my youngest goes to school in [nearby town], and I have to drive 
him there every day. 

For those making longer trips to go to a big box store in a larger town or city, shopping at that store was 
frequently combined with other activities. Participants reported paying bills at offices not available in the 
smaller towns where they lived, going to medical appointments at specialists or pediatric dentists not available 
in their community, and shopping at other major stores such as large home improvement stores or 
department stores.  

But I hate doing it on the phone, giving them my credit card, so I go all the way to [larger town] to 
pay for our Dish, Internet, and phone, and then I go to [big box store] and pick up a few things. And 
besides, I like to buy our household supplies and hygiene [supplies] at [big box store].  

Overall, 12 out of the 13 participants who reported travelling 10 or more miles from home to grocery shop 
reported combining that travel with other activities in the town where their shopping destination was located. 
For those participants (n=8) travelling 10 to 20 miles to shop for groceries, the attractiveness model correctly 
identified at least one primary store for half of the participants. For those travelling 20 to over 50 miles, none 
of the models of potential access allocated participants to the correct stores.  

For many of these participants, differences in pricing between stores was a large driver of store choice. 
Overall, 21 of the 32 participants reported shopping at a big box store, and the most common reason for this 
choice was the lower prices than other retailers and ability to price-match on coupons. This difference in 
price was reflected in the attractiveness measure as in this study price was directly modeled as one component 
of the store characteristic factor in formula (1). In our study, for over a third of participants (n=11), the 
nearest big box store was identified as the most attractive stores, and the nearest big box store was one of the 
top three most attractive stores for an additional 8 participants. One WIC recipient said, “I go to [big box 
store] because they'll price match…so I can get more of the fruits and veggies than I would otherwise.” Due 
to the price matching policies, she was able to get more for the fixed amount of WIC benefits she received 
for produce. Multiple participants who traveled nearly an hour each way to get to the nearest big box store 
reported that the savings made it worth it: 

I've learned I can get so much more at [box store in a larger town]. And I don't want to pay the price 
of gas to get there, but if I have to go there, I will shop there, especially for frozen things. I can really 
save money, so that's why I do a big shop, and then just fill in. 

It's not very often when we go to [larger town]. But when you buy in bulk and it's cheaper, it's worth 
the trip if you plan it out right. 

They have a lot of stuff in bulk, and it's cheaper. 

They are way cheaper. Like some of the things they can be two to three dollars cheaper in the frozen 
section. And you know I'm on SNAP for a reason 
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For these participants, the cheaper cost of food and other products made the time expenditure of traveling 
further worth it. However, as mentioned above, these participants often sought to minimize travel and time 
costs by combining these trips with other activities in the larger towns they travelled to.  

Cost considerations also drove decisions between supermarkets in town as well as use of dollar stores. In 
towns with more than one grocery store, the prices and sales offered by the stores drove some participants to 
shop at one store over another: 

I've been doing [supermarket 1], but since they've been taken over by [other chain] their prices are 
sky high and their deals are not so very good, especially on produce. That's what I want to fill in with, 
so I'm changing to [supermarket 2]. 

As these factors were captured in the attractiveness approach to potential access, 80 percent of participants 
who reported primarily cost factors driving their choice of supermarket (n=15) were often allocated to the 
store they actually shopped at. 

Several participants reported shopping for certain items at dollar stores due to the lower prices on some shelf-
stable goods.  

When we find something that's cheaper there at the dollar store, we tend to go to the dollar store, 
because [supermarket] is the only store here and it is the most expensive stores. So we try to do in 
between, kinda price out the dollar stores and see what their prices are and then go to [supermarket] 
and be like, 'Okay, we can get things cheaper here,' so our next stop would be the dollar store. 

At the same time, higher prices were cited as the reason that all but one of the participants interviewed said 
that they never shop at convenience stores. These observations by participants matched the findings of in-
store observations regarding both the diversity of items carried and prices. Our assessment of stores found 
that big box retailers had the lowest price per item while carrying all of the items in the market basket. Dollar 
stores on the whole were not cheaper than supermarkets due to the high cost of perishable products. 
However, those dollar stores assessed sold specific items, such as peanut butter or cereal, at a price that was 
often one to two dollars cheaper than the grocery stores in town.  

Table D-5. Average Price and Item Diversity by Store Type 

Retailer Type n Average Price per Item Average Share of Market Basket Stocked 

Big Box Store 4 $1.14 100% 

Independent Grocery 3 $1.37 41% 

Supermarket 13 $1.39 94% 

Dollar Store 12 $1.42 52% 

Pharmacy 3 $1.97 47% 

Convenience 15 $2.47 28% 
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For grocery shopping trips near home and among participants who only shopped within the community in 
which they lived, many fewer participants reported combining other activities with their grocery shopping 
trips. One of the five participants with a full or part-time job reported grocery shopping on her way home 
from work. For most participants (n=24) that reported doing at least some shopping within the town in 
which they resided in, grocery shopping in town was a single purpose task undertaken from home. However, 
even without trip-chaining, the differences in price and item diversity captured in the attractiveness model 
meant that these participants were still overwhelmingly shopping at the most attractive store. Of the 
participants who reported no out-shopping behavior at all (n=11), 9 participants shopped at the store with 
the highest attractiveness score. Participants who reported no out-shopping or trip-chaining behavior most 
frequently fell into one of the three categories: individuals with limited transportation access, mothers with 
young children, and older adults with physical disabilities. 

The attractiveness model was computed based on the use of personal vehicles for transportation, which 
might be less useful for individuals who rely upon other modes of transportation. Of the five participants 
without access to a vehicle, two reported walking or biking to the store, and for both, grocery shopping was a 
single-purpose task undertaken from home. For these participants, distance became one of the most 
important factors in determining where they shopped. One participant reported: 

It's a five minute walk, I just go down the hill and around the corner. I walk to [Supermarket], and 
then I take a taxi home. I wouldn't need to take the taxi home if my cart had any wheels on it. I've 
got a pushcart, holds like 70 pounds, but I need new wheels. I wore the wheels out. 

Both of the participants who walked or biked reported choosing a store close to home to minimize the 
distance walked or biked. The other three participants without vehicles reported relying on friends or family 
for transportation, largely due to the distances involved. One participant who lived in an unincorporated area 
just outside the study community said: 

It's kinda hard. It would be easier if we lived more in town to just walk there. I don't have my driver's 
license yet, so I have to wait for someone to get home. I walked there [to supermarket] a couple 
times, and it took over an hour. 

Without the ability to use a vehicle, shopping in rural areas becomes much more dependent on the goodwill 
of family, friends, and neighbors due to the lack of other forms of transportation.  

There exists a range of individual level factors that are difficult to capture in these placed based potential 
measures. For example, family responsibilities were another major determinant of whether or not grocery 
shopping was combined with other activities. Among the 12 mothers receiving WIC, meaning that at least 
one of their children was under the age of five, minimizing the amount of time spent shopping was a major 
priority, meaning that grocery shopping was often the only activity undertaken on a trip. When asked whether 
she combined her grocery shopping with any other activities, one young mother shook her head and said, 
“Usually I just do the shopping, that's all the babies can take.” Many mothers cited shopping with kids as one 
of the most difficult parts of grocery shopping: 
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We have maybe 5 registers here at [supermarket], so when the chaos starts there it's hard to get in 
and out when you have fussy kids, when you have cranky kids. So it's just everyday life, trying to 
balance, well, he just took a nap so let's go now because by the time we're done he'll be ready to eat. 

Usually I bring my kids with me. Sometimes I get to go to the store by myself, and sometimes I 
don't. It's a lot harder with the kids. My little one, he wants lollipops, and the other one will sneak 
things in. 

Taking all my kids. Everyone's just like…it's really hard to unload and upload my car. They're so 
small. It's okay though, we make it work. I have my mom watch them or something. 

For these participants, having one or more small children in tow complicated the logistics of shopping and 
meant that a trip from home to one store and back was all that they wanted to undertake.  

Physical disabilities were also frequently cited as a challenge when shopping for food. Five participants in the 
sample reported a physical disability that prevented them from working, and among these participants, the 
physical exertion required to shop was frequently cited as one of the primary challenges when grocery 
shopping. When asked what the hardest part of grocery shopping was, one older man responded, “Walking 
and standing in line.” Several elderly participants echoed this, noting that shopping was exhausting. A few 
participants reported using mobility scooters at the store, which helped ease physical difficulties with getting 
around the store. Physical disabilities also shaped food preferences and thus store choice. One elderly 
participant reported relying heavily on frozen meals since they could be cooked without requiring standing for 
long periods of time. Due to this preference, she preferred stocking up at a big box store in a nearby town to 
shopping at the local supermarket due to the lower prices on frozen meals. Similar to the case of mothers 
with young children, several participants with disabilities reported only going from home to one store and 
back due to the physical exertion required. However, for those participants with disabilities who needed to 
travel to another town to shop, grocery shopping trips were still combined with other activities, particularly 
medical appointments.  

Beyond the Quantitative Measures 

While the quantitative measures of access we used could account for physical and financial dimensions of 
access such as distances to stores and cost of items within the store, these measures did not account for some 
barriers to access and factors influencing store choice and shopping behavior specifically highlighted by 
participants within the interviews. These barriers and influences included temporal dimensions of shopping, 
availability of coupons, changes in household income, specific item preferences and item quality, perceptions 
of service quality within stores, food preparation skills, and knowledge of alternative food sources.  

The quantitative measures used in this study did not account for the temporal dimension of food access. 
Since the majority of participants did not work full-time, temporal constraints on grocery shopping were not 
frequently mentioned directly. Instead, when many participants discussed the timing of grocery shopping, it 
was due to one of the reasons mentioned above: minimizing the amount of time in the store to avoid a 
toddler meltdown or to minimize the amount of time spent on one’s feet. However, within both of the 
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themes, there were certain timing strategies used. One participant reported avoiding shopping between three 
p.m. and five p.m. to avoid the after-school rush when lines became long. Another participant reported 
avoiding the stores on paydays or the first of the month when SNAP benefits are disbursed. “I’d rather shop 
at midnight than hit those days,” she said.  

However, for the two participants who reported working full-time, work schedules did influence shopping 
behaviors. One participant with a 45-minute one-way commute reported only shopping on weekends. The 
other participant had recently changed jobs and reported that the change in the timing of her shifts had made 
shopping considerably easier. 

Before that I was working at a convenience store, and that was rough. Weird hours, the most typical 
one I worked was 12 to 10, and you just don't have much of a day…That job sucked because it was 
like 5 days a week, and when you're working like that, you don't want to go grocery shopping first 
thing in the morning or run errands. Normally that's something you do when you get off work. And 
when you get off at ten o'clock at night, it's just not a fun time. 

In her new job with hours from nine to five, she was now able to grocery shop on her way home from work, 
picking up the things she needed for dinner that night.  

The availability of sales and coupons influenced store choice beyond consistent difference in price. As 
mentioned above, the willingness of a particular big box retailer to price match was cited as primary reason to 
shop there by several participants. Several participants reported watching local advertising publications for 
coupons, with one saying, “I shop wherever I see—I look in the [local ads publication]—wherever I see ads 
or sales." However, not all participants felt that coupons were worth the time involved. One participant 
stated, “I used to get coupons from my grandma's Sunday paper, but I couldn’t use them. It wasn't worth it, 
you could save 30 cents but you had to spend five more dollars.” Several participants noted that there was a 
time to cost trade-off. Making their budgets stretch further took time: 

I wish I was better at calculating out my groceries, bringing a calculator with me or using my phone's 
calculator. But that would take so much longer.  

I should be thriftier, but I'm usually not because I'm in a rush. I work, and I do full-time school, and 
I'm a mom. I usually just try to grab stuff and go. 

Participants were willing to spend different amounts of effort to find the best prices. Several participants 
reported shopping at every dollar store in their town to find the lowest price, whereas others shopped at only 
one store to minimize their shopping time.  

Several participants noted that changes in income had affected how much they received in SNAP benefits, 
which in turn had influenced their shopping behavior. One participant whose husband had started a new job 
with higher pay noted that their SNAP benefits had dropped by ninety percent and that she was now making 
smaller, more frequent shopping trips compared to how she had shopped before: 
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When we used to get that much food stamps, I would do all our shopping at once, all our frozen 
meats, vegetables, fruits, canned goods, boxes of hamburger helper, all the things we need, ketchup, 
condiments. And I would get all of that at once and it would last for a long time. Then I would run 
to the store if we ran out of milk or bread or eggs, that's how I would shop. 

With the now lower amount of food stamps, she reported buying food more frequently in smaller amounts 
due to concerns about the quantity of food stamps not lasting the whole month, though she still did one 
larger shopping trip to a big box store once a month to buy household goods and some groceries. Similarly, 
several participants reported knowing other people who no longer qualified for the program due to changes 
in income. One participant noted, “It's, to be honest here, because of minimum wage going up, it's harder for 
people to get on SNAP, because they're over their bracket.” Three participants specifically noted that changes 
in their income had led to changes in the amount of benefits they received, which had led to changes in where 
or how they shopped.  

Specific item preferences and perceptions of item quality and overall store quality influenced many 
participants’ choices of grocery stores. One participant reported, “I would say 99.9% of what I buy is organic, 
so I travel to [Nearby City]." This particular participant chose to shop at farmers markets and chose one 
particular supermarket in town that had the best selection of organic produce. Shopping organic was 
important to her as she was heavily invested in the local food movement in this community, and as a food 
producer herself, she felt that people should try as much as they could to pay the ‘true cost of food.’ For most 
other participants, item quality influenced their choices. One participant only shopped at a particular grocery 
store because she felt they had the highest quality food: 

I just like [supermarket]. [Supermarket] has the freshest meats because they slice it right there. A lot 
of places have the pre-packaged frozen meats, and I want it fresh. I went them to take my steak and 
grind it in front of me. It's a country girl thing. 

For other participants, the availability of certain brands drove their choices. One older woman only shopped 
at a particular supermarket because they carried a brand of health drink she liked. A mother reported that she 
did not shop at dollar stores because she felt that the quality was compromised: 

The dollar store is just the same price as everywhere else to me. And sometimes they carry cheap 
brands. When I use cheap brands, the kids don't like the taste of the food. Like when I buy that 
cheap generic 59 cent box of mac and cheese, that stuff's nasty. So I buy them the [brand name]. 

The participant who traveled the furthest to shop (81 miles) also did so in part due to item preferences. While 
this shopping was combined with other activities such as visiting family and doing other shopping in a larger 
city, she specifically sought out several large ethnic supermarkets that carried food items that were not 
available in the stores in her town.  

Perceptions of store employees also affected participant’s shopping choices. Particularly for mothers on WIC, 
store choices and the timing of shopping were influenced by cashiers: 
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I actually do my WIC and regular grocery shopping separately just because [with] WIC you have to 
get the specifics, and I only go on certain days or try to get certain cashiers because of it...Mornings 
are usually better just because of who’s working, sometimes some people are easier than others 
because I also price match when I do it. Some people have a hard enough time with the WIC, but 
when you price match on top of it, they can get grouchy. 

For WIC I haven't done that there for 3 years because after I had him, I went there and it was a 
horrible, horrible experience, and I didn't ever go back. 

In-store labels were also cited as a reason to shop at particular stores. One WIC recipient reported 
dissatisfaction with a particular store because they did not label WIC-approved products, saying, “It's really 
hard to shop WIC at [supermarket] because they don't even label. Some of them tell you. I had a really hard 
time having to look back at the book."  

For SNAP recipients, since the move to an EBT card, most recipients reported less issues with in-store hassle 
or stigma. One older man recounted, “Years ago when it first started out it was paper. Nobody wanted to 
know, no one wanted you to know that they were on food stamps. Now it's just a card, like a credit card.” 
However, some participants on SNAP still reported that store employees led them to shop or not shop at a 
particular store.  

Yeah, there's some places around here I don't shop at, yeah. It's because of the employees, not the 
customers. The customers I have no problem with, it's the employees. That's why I said [dollar store] 
instead of the other ones because the employees there aren't very nice. 

This participant went on to say that she thought the reason employees did not treat her well was because she 
looked homeless, even though she was not. One participant who was currently homeless reported that he 
shopped at two particular convenience stores because the managers of both stores were friendly toward the 
homeless population, and the manager of one store let him use the employee microwave to cook his food.  

When it came to questions of food security and satisfaction with the resources in their community, 
participants often discussed specific knowledge and skills that allowed them to stretch their resources, thus 
avoiding food insecurity. For a number of participants, cooking skills and nutritional knowledge allowed them 
to make their food last.  

I feel like you have to prioritize, so you can either just load up with tons of empty calories or spend 
more for what seems like less, but it's more nutrient dense...When you're getting more nutrients, 
you're getting what you need, but most people don't understand the concept of basic nutrition.  

And what I do is cook a big meal, and then we eat two to three days on that. Cook a big meal, eat 
two to three days on that. Do a roast, shred it down, roll it in burritos, freeze it, take it out, pop it in 
the microwave, and we're good. 

I would say that there's times when I'm like, 'Oh man, I wish I had bacon to add to this meal.' But 
there's never a time when I'm without food. There's times, a couple days before payday where I'm 
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like, 'I really wish I could go shopping right now and get some butter, but I guess I'll make something 
with oil instead. 

Conversely, several participants noted that a lack of cooking skills made it difficult for them to make meals at 
home without reliance on frozen or boxed meals. One participant reported, “My thing is I hate 
cooking…And we don't have money to buy a lot of spices or ingredients. It takes a lot of spices and 
ingredients.” She felt that she would be able to make her food last longer if she knew more about cooking, 
but having grown up in a dysfunctional household, she felt she had very limited cooking skills.  

Knowledge of alternative sources of food also played a role in determining whether participants’ felt they had 
sufficient access to food. Several participants reported growing or raising their own food. 

I have goats that I milk, so I don't buy milk. I made cheese last night-- I should have brought you 
some. And then I trade. I do a lot of trading for my food as well as with other farmers. 

We live on a farm, so a lot of the meat comes from us anyways. 

In the summers, I buy my vegetable plants because you can grow your own food and pay for it with 
food stamps. So I do tomatoes, I do onions, potatoes, broccoli, and okra. It's usually what I do. I buy 
the seeds or plants and then put them in my flower garden. That way the flowers and my vegetables 
get watered and taken care of at the same time. I sit out in the evening and do my watering because 
that's my therapy. My gardening, my baking, and my watering. 

However, many of these same participants recognized that these methods of obtaining food weren’t possible 
for everyone. The goat farmer noted that when it comes to gardening, “It takes a special kind of person who 
wants to garden.” Even though there was seed library in a nearby town and community organizations that 
provided training on gardening, she stated that there were a number of people who did not want to garden. 
Similarly, several participants noted that they wanted to garden but faced barriers such as physical limitations 
due to disability or lacked space. One participant lamented that she used to garden but could not in her 
current housing because “there's too many animals around here, cats and dogs. They would dig up all our 
stuff. We have a gate, but they get in anyway. It sucks."  

Food banks and charitable organizations also served as another important source of food. Several participants 
reported planning their grocery shopping around what they knew they could get at a local food bank. One 
participant reported that she could regularly get potatoes and bread at a local food bank, so she rarely bought 
those when grocery shopping. Half the sample (16 participants) reported regularly getting food from a food 
bank or charitable organization. Awareness of food banks and charitable organizations varied within 
communities. Some participants were aware of food banks in their community, but chose not to get food 
there because of the quality of the food.  

I know that at [food bank] right across the street on Thursday, they bring a whole bunch of food in, 
and they don't question or anything, you can just go in and get. They have hot dogs and hamburgers, 
buns, a whole bunch of vegetables. I went when I first got to town, but it was mostly vegetable that 
were already bad. So if you get it you have to eat it that day or the next day or it goes bad. 
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There's a food bank…I haven't gone there, because I did do that a few times in [previous town], but 
I found that what they supply you, one there's not a lot of fresh things because they can't get those, 
and they're not things that I can work into what I eat, you know. 

Other participants reported that they were not aware of any food banks or similar organizations, even though 
there were at least two such organization in each community included in this study. One SNAP recipient who 
was working toward a degree in public health noted, “I don’t think a lot of people know about a lot of the 
things that churches are willing to do and the food basket program—I know a lot of people don’t know 
about that because they have extra a lot.” A number of participants stated that they thought local 
organizations could do more to publicize the resources available in their communities.  

Program Access 

Finally, in all 32 interviews, facets of access to food assistance programs came up in discussions of attitudes 
toward nutrition assistance programs. For some participants, the largest barriers to participation in food 
assistance programs were physical. In one community, it was not possible to apply for SNAP in the nearest 
government office, so recipients had to travel to a town about an hour away to apply or sometimes to re-
apply.  

Some people can't make it up to [larger town]. You have to go interview up there. And it's hard, it's 
really hard to apply sometimes. And then sometimes they make you go and you have to wait forever. 
I remember the first time I applied, she was a little newborn, and we had to wait all day to get an 
interview and stuff. 

The time it took to get paperwork together and to sit in an office and wait to be see was also frequently cited 
as a barrier. 

See, the thing is, if you're not working, and you have time to sit in the office all day, it's great. But 
when you have a job, and you're doing school, and you're the person the program is actually intended 
for, it's almost impossible. I can't just sit in the office all day and wait in line. I don't have time. 

Paperwork gets lost all the time, or you'll turn stuff in and they're like 'we never got it.' And then after 
a couple weeks everything expires, and you have to redo it…I had one time it was like six months. 
They kept losing my stuff and losing my stuff...It was really hard. 

Re-applying is hard. Just for me, personally. I'm not an organized person with all the information and 
having to do those kinds of things, it can be difficult. And I can do everything online, so that makes 
it easier…Sometimes that's convenience using the computer, but sometimes it's not. If there's a 
question you have to answer and you don't know what to put, then you're stuck. I dread that process. 
I'm doing it again right now. But it's worth it, it's worth that food. 

Outside of this particular community, participants reported far fewer barrier to applying and re-applying in 
terms of physical access. However, several participants did note that they knew people who could benefit 
from the program but could not qualify. One young woman noted, “Like one of the people I'm with, he can't 
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qualify because he has a certain felony on his record that DES won't take. And some won't really do much if 
you don't have dependent children. They're making it more strict."  

Beyond difficulties getting to an office or gathering the paperwork to re-apply, stigma was frequently cited as 
a barrier to using the program. Most recipients noted that they themselves were not ashamed or embarrassed 
to receive SNAP or WIC, seeing it instead as a necessary way to get enough food. In the words of one 
participant, “I feel like, you know, if you're using it to get back up on your feet and then you contribute back 
to society, then that's what it's supposed to be.” Many recipients expressed gratitude for the program, saying 
they would have a difficult time without it. Still, many felt that there was still significant stigma attached to the 
program for other people in their community. One participant expressed: 

There's a stigma of even going into the Department of Economic Security. There's a stigma of what 
type of person you are if you even have that kind of stuff. It just reeks of stigma everywhere, and 
judgment, and shame. That's just how it goes, and I guess it's because of the category of person it 
normally caters to. I don't know. I feel like that's a part of it. For the most part it's not something to 
be proud of because it means you're struggling, and no one wants to struggle or admit it. Or have 
people know they're struggling. 

Some participants noted the visual nature of the programs, recalling times they had seen others “fumbling 
around a bit” with their WIC checks or seeing someone “slide their card and then put it right back away” as 
part of the visual markers of stigma. One participant also noted that the need among friends who did not 
qualify for assistance programs might contribute to the stigma. 

I know people who work and don't have a lot of money for groceries but don't qualify." And that 
makes it hard too, it's like, 'You don't work, and you have your fridge stocked. I work my butt to the 
bone, and I'm barely scraping by and having enough groceries for the month.' It'd be nice if they 
could do something to help people like that, people in need 

Nearly all participants in one way or another made sure to communicate that they were grateful for the SNAP 
and WIC program and saw them as meeting a real need for them and their families, whether it was making 
sure their kids had enough to eat, making up the difference during a “string of bad luck” or making it so they 
could afford their housing and still eat.  

Discussion 

This study demonstrates the utility of a mixed-methods approach to rural food access. We provided an 
important study to compare quantitative approaches used to prescribe potential food with actual access. 
While some quantitative approaches, especially the attractiveness model, give a reasonable assessment of food 
access in general, they are limited in capturing all individual’s reasoning for the shopping choices they made. 
Like other recent food access studies, we also found that participants frequently did not shop at the nearest 
store (Cannuscio et al., 2013; Shannon & Christian, 2017; Ver Ploeg et al., 2015). Overall, about less than half 
of participants’ primary stores were the nearest grocery store, and less than 20 percent of participants’ 
secondary stores were the nearest grocery store. Many of the participants in our study followed a shopping 
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pattern similar to that described in Broadbridge and Calderwood (2002) for rural shoppers in the United 
Kingdom, where individuals out-shopped to a larger city about once or twice a month, then filled in between 
trips at stores closer to home.  This pattern was driven by the perception that shopping at certain retailers, 
particularly big box stores, was worth the cost of travel for the savings on food costs and costs of other home 
goods. However, we also found that the uptake of this pattern of shopping varied by community due to 
variations in the retail mix. In particular, out-shopping behavior was most frequently observed in 
communities lacking big box retailers and supermarket variety.  

Trip-chaining was an important behavior for individuals shopping outside of their town of residence but less 
frequently undertaken for shopping trips in town. This finding is consistent with the results of studies by both 
O’Kelly (1983) and Leszczyc et al. (2004) that found that single-purpose trips were concentrated closer to 
home. Prices were very influential in store choices, as were perceptions of item quality and store employees, 
which is consistent with the findings by Lin et al. (2014) that quality of service, quality of products, and 
relative price were some of the main drivers of consumer retail choice. Our finding that participants 
predominantly shopped at big box stores and supermarkets is consistent with findings from the most recent 
FoodAPS survey that the majority of households shop at a superstore or supermarket as their primary store 
(Ver Ploeg et al., 2015). Although the attractiveness model considers all these important factors, our empirical 
study showed that the model only matched with participants’ selections of primary stores just over half of the 
time (56%).   

Our study indicated that there were many individual-level facets of access that were not captured in the 
quantitative methods used in this study, nor the methods used in many other studies of food access. Key 
factors in shaping shopping behavior beyond spatial separation included the difficulty of juggling household 
responsibilities such as caring for children and shopping for groceries for mothers with young children and 
physically traversing the store for the physically disabled. In both of these cases, participants often relied on 
shorter, more frequent, single-purpose trips in order to minimize time spent in the store. These findings echo 
those by Carnahan et al. (2016) that rural women with multiple domains of responsibility from work to home 
to family expressed that they had limited time and energy for shopping. Similarly, Shaw (2004) noted that 
individuals with physical disabilities faced a higher cost of moving through space.  

We also found that participants’ frequently cited their nutritional knowledge, cooking skills, and knowledge of 
alternative sources of food as the reasons they could stretch their resources and avoid food insecurity. This 
was consistent with finding by Sano et al. (2011) that among rural Latino families those with high life skills 
such as ability to budget well and plan meals were more consistently food secure. De Marco and Thorburn 
(2009) also found that cooking skills, along with alternative food sources, were important for rural 
interviewees to stretch their food resources.  

Program accessibility was largely influenced by the location of government offices where one could apply for 
benefits, the time and effort required to apply and re-apply, and community attitudes about the program. 
These findings again echoed other studies, in which the time required by the re-application process was 
frequently cited as major barrier to program use (Amott, 1990; De Marco & Thorburn, 2009; Rodriguez & 
Grahame, 2016). Most participants interviewed felt that there was significant stigma attached to using food 
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assistance programs, even if they themselves did not feel embarrassed about their own program use.  These 
expressions aligned with sentiments captured by Lawson and Elwood (2014) in rural Montana and Duncan 
(1999), where rural recipients of welfare were painted as choosing not to work. Similar to those cases, 
participants in this study noted the perception of those receiving food assistance benefits as getting ahead of 
those who were working hard, and many participants were quick to point out the ways that they hoped to 
contribute back to their communities in the future.  

Specifically when it came to stigma, in several communities there was a particular influence of immigration 
policy and ethnicity. Multiple white participants indicated that they felt there were Hispanic and Latino 
families in their community who were receiving benefits who did not ‘deserve’ them, either because they were 
“illegal” or “lying to DES” to get more benefits than they needed. There is no evidence to support these 
claims. In Arizona, proof of citizenship or legal residency is required to qualify for SNAP benefits, and SNAP 
fraud is regularly investigated, with 6,239 investigations resulting in 163 disqualifications in 2016 (Program 
Accountability and Administration Division, 2017). In mixed status families, children who are legal citizens or 
residents may still receive SNAP, with parents applying on their behalf. WIC programs are open to all 
participants, regardless of immigration status  (Vargas & Pirog, 2016). Despite these program regulations, 
several WIC and SNAP-Ed staff noted during the interview recruitment process that they had seen a decline 
in enrollment or even active dis-enrollment in programs due to fear of deportation following the 2016 
presidential election. These local experiences mirror national trends reported by the press (Fessler, 2017; 
Redden, 2017); however these program effects have yet to be documented in peer-reviewed literature. In the 
interview process, conducted in the spring of 2017, we found it difficult to recruit Hispanic and Latino 
participants who were willing to participate in an interview, and many who did participate requested that their 
interviews not be recorded, only transcribed by hand. The attitudes of white participants toward Hispanic and 
Latino recipients indicate that there may be higher stigma faced by these participants when utilizing food 
assistance program benefits. These attitudes reflect those found by Lawson et al. (2010), where all Latino 
families are assumed to lack legal status and thus any Latino recipients of assistance benefits are doing so 
unfairly. 

Limitations 

This study is limited in several ways. Though the sample of 32 participants is as larger or larger than that of 
many other studies in rural areas (Rodriguez & Grahame, 2016; Sano et al., 2011; Smith & Morton, 2009), this 
sample is still small. The use of semi-structured interviews allowed gathering of rich qualitative insight, but 
assessments of participant shopping behavior relied entirely on the ability of participants to reliably recall 
their behaviors. Since this study did not involve travel diaries, we lacked the ability to construct activity-space 
measures for participants or to track daily travel. Primary and secondary store assignments for participants 
were based on their recall, not on the actual time or money spent in a store. Food assistance recipients with 
full-time work were under-represented in our sample, and thus we were unable to capture some of the 
challenges of food access that may arise when balancing work with other responsibilities. Finally, the 
quantitative measures used did not account for certain dimensions of food access that could be quantified, 
such as temporal constraints on stores, item quality, store environment, and availability of sales and coupons. 
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Further efforts to refine an attractiveness-based model to capture these elements could improve accuracy of 
area-based quantitative measures.  

Conclusions and Implications 

This study utilized a mixed-method approach to capture food access among food assistance recipients in rural 
areas. We found that while physical access is a challenge for some rural residents, there are many barriers 
beyond spatial separation. While the availability of stores shaped recipients shopping strategies, most cited 
non-spatial barriers as the greatest challenges when shopping. These challenges often looked like the 
difficulties of balancing time costs versus saving money, the experience of wrangling multiple children 
through a supermarket, the physical exertion required to shop in the face of physical disability, and stigma 
experienced by those using SNAP or WIC benefits. Overall, we captured a picture of complicated food 
access, embedded in the experiences of daily life.  

Given our findings, it is likely that efforts to quantify food access based solely on potential, without inclusion 
of realized access, underestimate the distances that rural recipients of food assistance travel, even when 
accounting for store characteristics and strategic travel behaviors. Store choices among these rural recipients 
are driven by factors beyond spatial separation, and some of these factors are difficult to capture without 
primary source data.  

Based on the barriers to food access uncovered in our work, there are multiple avenues forward for further 
research and for better interventions to improve food access. Refinement of our quantitative measure to 
further capture interactions between trip-chaining opportunities and food prices could strengthen the 
measure, as cost considerations were most frequently cited as a reason to travel longer distances on trips that 
frequently contained multiple stops. Further explorations of how to incorporate additional store 
characteristics such as item quality and quality of service may improve models of potential food access to 
better guide future studies, as these were important drivers of store choice for interview participants not 
currently captured in our quantitative measure. 

In the realm of interventions, efforts to improve informational access, through cooking and nutrition 
workshops or better publication of sources of alternative foods such as community gardens or food banks 
may be especially needed in rural areas. Given the challenges of accessing stores for young mothers and for 
the elderly and disabled, pilot studies of allowing online purchasing of groceries with SNAP EBT hold 
particular promise for easing access to adequate food (USDA Office of Communications, 2017). However, 
such interventions will have to contend with obstacle of poor internet connectivity in rural areas to fully 
realize their potential; in this study only half of participants had internet access at home and would thus be 
able to take advantage of such a program.  

Research on food access has long privileged physical accessibility of retailers over other factors influencing 
food access. We demonstrated through a holistic approach to food access that informational and attitudinal 
barriers play a large role in food access alongside challenges in moving through space. Overall, we hope to 
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encourage further research in the vein of complicated and embedded ideas of food accessibility in the context 
of everyday life.  

References 

Amott, T. L. (1990). Black women and AFDC: Making entitlement out of necessity. In L. Gordon (Ed.), 
Women, the state, and welfare (pp. 280–298). Madison, WI: University of Wisconsin Press. 

Andress, L., & Fitch, C. (2016). Juggling the five dimensions of food access: Perceptions of rural low income 
residents. Appetite, 105, 151–155. http://doi.org/10.1016/j.appet.2016.05.013 

Arsneault, S. (2006). Implementing Welfare Reform in Rural and Urban Communities Why Place Matters. 
American Review of Public Administration, 36(2), 173–188. 

Bader, M. D. M., Purciel, M., Yousefzadeh, P., & Neckerman, K. M. (2010). Disparities in neighborhood 
food environments: Implications of measurement strategies. Economic Geography, 86(4), 409–430. 
http://doi.org/10.1111/j.1944-8287.2010.01084.x 

Bardenhagen, C. J., Pinard, C. A., Pirog, R., & Lazarus, A. (2017). Characterizing Rural Food Access in 
Remote Areas. Journal of Community Health, 42(5), 1008–1019. http://doi.org/10.1007/s10900-
017-0348-1 

Bickel, G., Nord, M., Price, C., Hamilton, W., & Cook, J. (2000). Guide to Measuring Household Food 
Security. USDA Economic Research Service. 

Bitto, E. A., Morton, L. W., Oakland, M. J., & Sand, M. (2003). Grocery Store Access Patterns in Rural Food 
Deserts. Journal for the Study of Food and Society, 6(2), 35–48. 

Black, W. R. (1973). An analysis of gravity model distance exponents. Transportation, 2(3), 299–312. 
http://doi.org/10.1007/BF00243358 

Broadbridge, A., & Calderwood, E. (2002). Rural grocery shoppers: do their attitudes reflect their actions? 
International Journal of Retail & Distribution Management, 30(8), 394–406. 
http://doi.org/10.1108/09590550210435282 

Cannuscio, C. C., Tappe, K., Hillier, A., Buttenheim, A., Karpyn, A., & Glanz, K. (2013). Urban food 
environments and residents’ shopping behaviors. American Journal of Preventive Medicine, 45(5), 
606–614. http://doi.org/10.1016/j.amepre.2013.06.021 

Carlson, A., Lino, M., Juan, W., Hanson, K., & Basiotis, P. P. (2007). Thrifty Food Plan, 2006. Center for 
Nutrition Policy and Promotion, U.S. Department of Agriculture. 

Carnahan, L. R., Zimmermann, K., & Peacock, N. R. (2016). What Rural Women Want the Public Health 
Community to Know About Access to Healthful Food : A Qualitative Study , 2011. Preventing 
Chronic Disease: Public Health Research, Practice, and Policy, 13(E57), 1–11. 



D-88 

 

Caspi, C. E., Sorensen, G., Subramanian, S. V., & Kawachi, I. (2012). The local food environment and diet: A 
systematic review. Health & Place, 18(5), 1172–1187. 
http://doi.org/10.1016/j.healthplace.2012.05.006 

Chang, Y., Chatterjee, S., & Kim, J. (2013). Household Finance and Food Insecurity. Journal of Family and 
Economic Issues, 35(4), 499–515. http://doi.org/10.1007/s10834-013-9382-z 

Chen, X., & Clark, J. (2013). Interactive three-dimensional geovisualization of space-time access to food. 
Applied Geography, 43, 81–86. http://doi.org/10.1016/j.apgeog.2013.05.012 

Chen, X., & Kwan, M. (2017). Choice set formation with multiple flexible activities under space – time 
constraints. International Journal of Geographical Information Science, 26(5), 941–961. 
http://doi.org/10.1080/13658816.2011.624520 

Choi, S. K., Fram, M. S., & Frongillo, E. A. (2017). Very Low Food Security in US Households Is Predicted 
by Complex Patterns of Health, Economics, and Service Participation. The Journal of Nutrition, 
147(10), 1992–2000. http://doi.org/10.3945/jn.117.253179 

Clarke, I., Hallsworth, A., Jackson, P., de Kervenoael, R., Perez‐ del‐ Aguila, R., & Kirkup, M. (2004). Retail 
competition and consumer choice: contextualising the “food deserts” debate. International Journal of 
Retail & Distribution Management, 32(2), 89–99. http://doi.org/10.1108/09590550410521761 

Coleman-Jensen, A., Gregory, C., & Singh, A. (2014). Household Food Security in the United States in 2013. 
USDA-ERS Economic Research Report (Vol. 173). http://doi.org/10.2139/ssrn.2504067 

Coleman-Jensen, A., Rabbitt, M. P., Gregory, C. A., & Singh, A. (2017). Household Food Security in the 
United States in 2016. U.S. Department of Agriculture, Food and Nutrition Service. Retrieved from 
https://www.ers.usda.gov/webdocs/publications/84973/err-237.pdf?v=42979 

Cummins, S., & Macintyre, S. (2002). “Food deserts” - evidence and assumption in health policy making. 
British Medical Journal, 325(7361), 436–438. http://doi.org/10.1136/bmj.322.7281.279 

Curtis, K. (1997). Urban poverty and the social consequences of privatized food assistance. Journal of Urban 
Affairs. 

De Marco, M., & Thorburn, S. (2009). “ In a Country as Affluent as America , People Should be Eating ”: 
Experiences. Qualitative Health Research, 19(7), 1010–1024. 

Duncan, C. M. (1999). Worlds Apart: Why Poverty Persists in Rural America. New Haven and London: Yale 
University Press. 

Elwood, S. (2006). Critical issues in participatory GIS: Deconstructions, reconstructions, and new research 
directions. Transactions in GIS, 10(5), 693–708. http://doi.org/10.1111/j.1467-9671.2006.01023.x 



D-89 

 

Elwood, S. (2009). Mixed methods: Thinking, doing, and asking in multiple ways. In D. DeLyser, S. Herbert, 
S. Aitken, M. Crang, & L. McDowell (Eds.), The Handbook of Qualitative Geography (pp. 94–113). 
London: Sage. 

Feng, J., Glass, T. A., Curriero, F. C., Stewart, W. F., & Schwartz, B. S. (2010). The built environment and 
obesity: A systematic review of the epidemiologic evidence. Health and Place, 16(2), 175–190. 
http://doi.org/10.1016/j.healthplace.2009.09.008 

Fessler, P. (2017, March 28). Deportation Fears Prompt Immigrants To Cancel Food Stamps. National Public 
Radio, p. n.p. Washington, D.C. Retrieved from 
https://www.npr.org/sections/thesalt/2017/03/28/521823480/deportation-fears-prompt-
immigrants-to-cancel-food-stamps 

Jarosz, L., & Lawson, V. (2002). “Sophisticated people versus rednecks”: economic restructuring and class 
difference in America’s West. Antipode, 34(1), 8–27. http://doi.org/10.1111/1467-8330.00224 

Knigge, L., & Cope, M. (2006). Grounded visualization: Integrating the analysis of qualitative and quantitative 
data through grounded theory and visualization. Environment and Planning A, 38(11), 2021–2037. 
http://doi.org/10.1068/a37327 

Kwan, M.-P., & Knigge, L. (2006). Doing qualitative research using GIS: an oxymoronic endeavor? 
Environment and Planning A, 38(11), 1999–2002. http://doi.org/10.1068/a38462 

Kwan, M. P. (1998). Space-Time and Integral Measures of Individual Accessibility: A Comparative Analysis 
Using a Point-based Framework. Geographical Analysis, 30(3), 191–216. 
http://doi.org/10.1111/j.1538-4632.1998.tb00396.x 

Lawson, V., & Elwood, S. (2014). Encountering Poverty: Space, Class, and Poverty Politics. Antipode, 46(1), 
209–228. http://doi.org/10.1111/anti.12030 

Lawson, V., Jarosz, L., & Bonds, A. (2008). Building economies from the bottom up: (mis)representations of 
poverty in the rural American Northwest. Social & Cultural Geography, 9(7), 737–753. 
http://doi.org/10.1080/14649360802382354 

Lawson, V., Jarosz, L., & Bonds, A. (2010). Articulations of Place, Poverty, and Race: Dumping Grounds and 
Unseen Grounds in the Rural American Northwest. Annals of the Association of American 
Geographers, 100(December 2014), 655–677. http://doi.org/10.1080/00045601003795087 

Lin, B. H., Ver Ploeg, M., Kasteridis, P., & Yen, S. T. (2014). The roles of food prices and food access in 
determining food purchases of low-income households. Journal of Policy Modeling, 36(5), 938–952. 
http://doi.org/10.1016/j.jpolmod.2014.07.002 

Luo, W., & Wang, F. (2003). Measures of spatial accessibility to health care in a GIS environment: Synthesis 
and a case study in the Chicago region. Environment and Planning B: Planning and Design, 30(6), 
865–884. http://doi.org/10.1068/b29120 



D-90 

 

Lytle, L. A., & Sokol, R. L. (2017). Measures of the food environment: A systematic review of the field, 2007–
2015. Health and Place, 44(July 2016), 18–34. http://doi.org/10.1016/j.healthplace.2016.12.007 

MacLeavy, J., & Peoples, C. (2009). Workfare-warfare: Neoliberalism, “active” welfare and the new American 
way of war. Antipode, 41(5), 890–915. http://doi.org/10.1111/j.1467-8330.2009.00701.x 

Marmot, M. G. (1998). Improvement of social environment to improve health. The Lancet, 351(9095), 57–
60. 

Marshall, D., Dawson, J., & Nisbet, L. (2017). Food access in remote rural places: consumer accounts of food 
shopping. Regional Studies, 0(0), 1–12. http://doi.org/10.1080/00343404.2016.1275539 

Matthews, S. a., Detwiler, J. E., & Burton, L. M. (2005). Geo-ethnography: Coupling Geographic Information 
Analysis Techniques with Ethnographic Methods in Urban Research. Cartographica: The 
International Journal for Geographic Information and Geovisualization, 40(4), 75–90. 
http://doi.org/10.3138/2288-1450-W061-R664 

McEachern, M. G., & Warnaby, G. (2006). Food shopping behaviour in Scotland: the influence of relative 
rurality. International Journal of Consumer Studies, 30(2), 189–201. http://doi.org/10.1111/j.1470-
6431.2005.00475.x 

McEntee, J. (2009). Highlighting food inadequacies: does the food desert metaphor help this cause? British 
Food Journal, 111(4), 349–363. http://doi.org/10.1108/00070700910951498 

McKenzie, B. S. (2014). Access to supermarkets among poorer neighborhoods: a comparison of time and 
distance measures. Urban Geography, 35(1), 133–151. 
http://doi.org/10.1080/02723638.2013.856195 

McKinnon, R. A., Reedy, J., Morrissette, M. A., Lytle, L. A., & Yaroch, A. L. (2009). Measures of the Food 
Environment. A Compilation of the Literature, 1990-2007. American Journal of Preventive 
Medicine, 36(4 SUPPL.), S124–S133. http://doi.org/10.1016/j.amepre.2009.01.012 

McLafferty, S. (2002). Mapping Women’s Worlds: Knowledge, power and the bounds of GIS. Gender, Place 
& Culture, 9(3), 263–269. http://doi.org/10.1080/0966369022000003879 

McLeroy, K. R., Bibeau, D., Steckler, A., & Glanz, K. (1988). Ecological Perspective on Promotion 
Programs. Health Education Quarterly, 15(4), 351–377. 

O’Kelly, M. E. (1983). Multipurpose Shopping Trips and the Size of Retail Facilities. Annals of the 
Association of American Geographers, 73(2), 231–239. 

O’Sullivan, D. (2006). Geographical information science: critical GIS. Progress in Human Geography, 30(6), 
783–791. http://doi.org/10.1177/0309132506071528 

Oliveira, V., & Frazao, E. (2015). The WIC Program: Background, trends, and economic issues, 2015 edition. 
Economic Information Bulletin, (134), 1–84. http://doi.org/10.2139/ssrn.2709086 



D-91 

 

Páez, A., Scott, D. M., & Morency, C. (2012). Measuring accessibility: Positive and normative 
implementations of various accessibility indicators. Journal of Transport Geography, 25, 141–153. 
http://doi.org/10.1016/j.jtrangeo.2012.03.016 

Pan, Y., & Zinkhan, G. M. (2006). Determinants of retail patronage: A meta-analytical perspective. Journal of 
Retailing, 82(3), 229–243. http://doi.org/10.1016/j.jretai.2005.11.008 

Pavlovskaya, M., & St. Martin, K. (2007). Feminism and Geographic Information Systems: From a Missing 
Object to a Mapping Subject. Geography Compass, 1(3), 583–606. http://doi.org/10.1111/j.1749-
8198.2007.00028.x 

Peck, J. (1998). Workfare in the sun: politics, representation, and method in U.S. welfare-to-work strategies. 
Political Geography, 17(5), 535–566. http://doi.org/10.1016/S0962-6298(97)00029-2 

Penchansky, R., & Thomas, J. W. (1981). The concept of access: definition and relationship to consumer 
satisfaction. Medical Care, 19(2), 127–140. http://doi.org/10.2307/3764310 

Popkowski Leszczyc, P. T. L., Sinha, A., & Sahgal, A. (2004). The effect of multi-purpose shopping on 
pricing and location strategy for grocery stores. Journal of Retailing, 80(2), 85–99. 
http://doi.org/10.1016/j.jretai.2004.04.006 

Prenovost, M., & Youngblood, D. (2010). Traps, Pitfalls, and Unexpected Cliffs on the Path Out of Poverty. 
Poverty & Public Policy, 2(2), 53–82. 

Preston, B., & Wilson, M. W. (2014). Practicing GIS as Mixed Method: Affordances and Limitations in an 
Urban Gardening Study. Annals of the Association of American Geographers, 104(3), 510–529. 
http://doi.org/10.1080/00045608.2014.892325 

Program Accountability and Administration Division. (2017). Supplemental Nutrition Assistance Program 
State Activity Report Fiscal Year 2016. Washington, D.C. 

Redden, M. (2017, May 9). Undocumented immigrants avoid vital nutrition services for fear of deportation. 
The Guardian, p. n.p. London, U.K. Retrieved from https://www.theguardian.com/us-
news/2017/may/09/undocumented-immigrants-wic-nutrition-services-deportation 

Rodriguez, R. M., & Grahame, K. M. (2016). Understanding Food Access in a Rural Community. An 
Ecological Perspective. Food, Culture & Society, 19(1), 171–195. 
http://doi.org/10.1080/15528014.2016.1145010 

Rose, D., Bodor, J. N., Hutchinson, P. L., & Swalm, C. M. (2010). The importance of a multi-dimensional 
approach for studying the links between food access and consumption. The Journal of Nutrition, 
140(6), 1170–4. http://doi.org/10.3945/jn.109.113159 

Rothbauer, P. (2008). Triangulation. In L. M. Given (Ed.), The SAGE Encyclopedia of Qualitative Research 
Methods (pp. 893–894). Los Angeles, CA: SAGE. 



D-92 

 

Ryan, C., & Lewis, J. M. (2017). Computer and Internet use in the United States: 2015. American Community 
Survey Reports, (September). Retrieved from 
http://www.census.gov/content/dam/Census/library/publications/2014/acs/acs-28.pdf 

Sano, Y., Garasky, S., Greder, K. A., Cook, C. C., & Browder, D. E. (2011). Understanding Food Insecurity 
Among Latino Immigrant Families in Rural America. Journal of Family and Economic Issues, 32, 
111–123. http://doi.org/10.1007/s10834-010-9219-y 

Scholl, L. (2002). Transportation Affordability for Low-Income Populations: A Review of the Research 
Literature, Ongoing Transportation Assistance Programs, (October), 1–96. 

Schuurman, N. (2006). Formalization matters: Critical GIS and ontology research. Annals of the Association 
of American Geographers, 96(4), 726–739. http://doi.org/10.1111/j.1467-8306.2006.00513.x 

Seale, E. (2012). Coping Strategies of Urban and Rural Welfare Organisations and the Regulation of the Poor. 
New Political Economy, 3467(July 2015), 1–30. http://doi.org/10.1080/13563467.2012.664124 

Shannon, J. (2013). Should we Fix Food Deserts?: The Politics and Practice of Mapping Food Access. In A. 
Hayes-Conroy & J. Hayes-Conroy (Eds.), Doing Nutrition Differently. Burlington, VT: Ashgate. 

Shannon, J. (2015). Beyond the Supermarket Solution: Linking Food Deserts, Neighborhood Context, and 
Everyday Mobility. Annals of the Association of American Geographers, 5608(November), 1–17. 
http://doi.org/10.1080/00045608.2015.1095059 

Shannon, J., & Christian, W. J. (2017). What is the relationship between food shopping and daily mobility? A 
relational approach to analysis of food access. GeoJournal, 82(4), 769–785. 
http://doi.org/10.1007/s10708-016-9716-0 

Sharkey, J. R., Horel, S., & Dean, W. R. (2010). Neighborhood deprivation, vehicle ownership, and potential 
spatial access to a variety of fruits and vegetables in a large rural area in Texas. International Journal 
of Health Geographics, 9, 26. http://doi.org/10.1186/1476-072X-9-26 

Shaw, H. J. (2006). Food Deserts: Towards the Development of a Classification. Geografiska Annaler: Series 
B, Human Geography, 88(2), 231–247. 

Sheppard, E. (2005). Knowledge Production through Critical GIS: Genealogy and Prospects. Cartographica: 
The International Journal for Geographic Information and Geovisualization, 40(4), 5–21. 
http://doi.org/10.3138/GH27-1847-QP71-7TP7 

Sheppard, E. S. (1979). Gravity Parameter Estimation. Geographical Analysis, 11(2), 120–132. 
http://doi.org/10.1111/j.1538-4632.1979.tb00681.x 

Smith, C., & Morton, L. W. (2009). Rural Food Deserts : Low-income Perspectives on Food Access in 
Minnesota and Iowa. Journal of Nutrition Education and Behavior, 41(3), 176–187. 
http://doi.org/10.1016/j.jneb.2008.06.008 



D-93 

 

Taylor, R., & Villas-Boas, S. B. (2016). Food Store Choices of Poor Households: A Discrete Choice Analysis 
of the National Household Food Acquisition and Purchase Survey (FoodAPS). American Journal of 
Agricultural Economics, 98(2), 513–532. http://doi.org/10.1093/ajae/aaw009 

Thatcher, E., Johnson, C., Zenk, S. N., & Kulbok, P. (2016). Retail Food Store Access in Rural Appalachia : 
A Mixed Methods Study. Public Health Nursing, 34(3), 245–255. http://doi.org/10.1111/phn.12302 

Todd, J. E., & Scharadin, B. (2016). Where Households Get Food in a Typical Week: Findings From USDA’s 
FoodAPS, (156). 

USDA Office of Communications. (2017). USDA Announces Retailer Volunteers for SNAP Online 
Purchasing Pilot. Press Release No. 0003.17. Washington, D.C.: United States Department of 
Agriculture. Retrieved from https://www.usda.gov/media/press-releases/2017/01/05/usda-
announces-retailer-volunteers-snap-online-purchasing-pilot 

Vargas, E., & Pirog, M. (2016). Mixed-status families and WIC uptake: The effects of risk of deportation on 
program use. Social Science Quarterly, 97(12), 5421–5433. 
http://doi.org/10.1002/jps.21372.Interactions 

Ver Ploeg, M., Breneman, V., Dutko, P., Williams, R., Snyder, S., Dicken, C., & Kaufman, P. (2012). Access 
to Affordable and Nutritious Food: Updated Estimates of Distance to Supermarkets Using 2010 
Data. USDA Economic Research Service. Retrieved from 
http://www.ers.usda.gov/publications/err-economic-research-report/err143.aspx#.Ut7xXZGtu-k 

Ver Ploeg, M., Mancino, L., Todd, J. E., Clay, D. M., & Scharadin, B. (2015). Where Do Americans Usually 
Shop for Food and How Do They Travel To Get There ? Initial Findings From the National 
Household Food Acquisition and Purchase Survey. Economic Information Bulletin (Vol. Number 
138). Washington, D.C. 

Walker, R. E., Keane, C. R., & Burke, J. G. (2010). Disparities and access to healthy food in the United States: 
A review of food deserts literature. Health and Place, 16(5), 876–884. 
http://doi.org/10.1016/j.healthplace.2010.04.013 

Walsh, M., Tanoue, K., & Daws, J. (2016). Unpacking “Rurality”: Evaluating the impact of rural community 
characteristics and the built environment on SNAP participation. United States. 

Warner, M., & Hefetz, A. (2002). The uneven distribution of market solutions for public goods. Journal of 
Urban Affairs, 24(4), 445–459. http://doi.org/10.1111/1467-9906.t01-1-00146 

Whitacre, B. E. (2010). The Diffusion of Internet Technologies to Rural Communities: A Portrait of 
Broadband Supply and Demand. American Behavioral Scientist, 53(9), 1283–1303. 
http://doi.org/10.1177/0002764210361684 

Widener, M. J., & Shannon, J. (2014). When are food deserts? Integrating time into research on food 
accessibility. Health and Place, 30, 1–3. http://doi.org/10.1016/j.healthplace.2014.07.011 



D-94 

 

Wiig, K., & Smith, C. (2009). The art of grocery shopping on a food stamp budget: factors influencing the 
food choices of low-income women as they try to make ends meet. Public Health Nutrition, 12(10), 
1726. http://doi.org/10.1017/S1368980008004102 

Wilkinson, K. P. (1991). The community in rural America. New York: Greenwood Press. 

 

 

 

  



E-95 

 

E.  CONCLUSION 
This thesis applies three different methods of measuring access to food retail to a population broadly 
overlooked in food access literature—rural recipients of public food assistance. Each of the papers within this 
thesis shed light on the realities of food access in rural places in the American Southwest and suggest further 
avenues for research concerning access in rural communities.  

The results of the modelling paper suggest first and foremost that methods of optimization used in urban 
environments can be applied to rural areas, often overlooked in the literature, with adjustments to access 
criteria. This paper also demonstrates the limitations of current food retail distributions—in large rural areas 
with widely dispersed populations, it is not possible for existing retailers to provide sufficient access, by 
USDA standards, to the entire population. This leaves us with several avenues of exploration. First, we must 
determine to what extent the normative accessibility criteria set by the USDA are resonant with rural 
residents’ experiences. This question is explored further in the second and third papers. Second, interventions 
designed to improve food retail access for populations must move beyond the traditional brick and mortar 
retail experiences.  

The second methods paper fills in research gaps in many simple normative measures, like that used in the 
modelling paper, by developing a measure that accounts for travel behaviors and important retail 
characteristics and providing an empirical study in a rural setting considering public nutrition assistance retail. 
Application of this new method illustrates that simple proximity measures overestimate retail access through 
allocation of individuals to many near but low-attractiveness stores. While the distance to a nearby food retail 
location remains important, the distance to a highly desirable retailer with a wide selection of items and more 
affordable prices may be more critical to meeting household food needs. Individual-based measures of food 
access still hold the most promise in food access study, but the data required to build such methods requires 
intensive data collection at high time cost. This study provides a food access framework that utilizes mostly 
publicly-available secondary data to account for strategic travel behaviors and important store characteristics 
in food access evaluation, which makes more nuanced assessments of food access more readily available for 
broad applications. 

The final, mixed-methods paper applies the quantitative method developed in the second paper alongside 
qualitative data gathering among food assistance recipients in rural areas. We find that, while physical access 
presents a challenge for some rural residents, there are many barriers to access beyond spatial separation. 
While the availability of stores shaped shopping strategies, most participants cited non-spatial barriers as the 
greatest challenges when shopping. These challenges often looked like the difficulties of balancing time costs 
versus saving money, the experience of wrangling multiple children through a supermarket, the physical 
exertion required to shop in the face of physical disability, and stigma experienced by those using SNAP or 
WIC benefits. Overall, we captured a picture of complicated food access, embedded in the experiences of 
daily life. In this final paper, we answered some of the questions raised by the first paper. The ten-mile 
threshold developed by the USDA does not necessarily describe the experience of rural residents, with over a 
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third regularly traveling many times that distance to reach stores that best suited their household needs, 
sometimes bypassing other large food retailers along the way.  

Given these findings, it is likely that efforts to quantify food access based solely on potential access, without 
inclusion of realized access, underestimate the distances that rural recipients of food assistance travel, even 
when accounting for store characteristics and strategic travel behaviors. Store choices among these rural 
recipients are driven by factors beyond spatial separation, and some of these factors are difficult to capture 
without primary source data. However, we do find that area-based measures that account for at least some 
store characteristics and travel behavior come the closest to matching actual access patterns. 

Understanding and improving access in the rural food environment, particularly for populations most at risk 
of poor nutritional outcomes—those eligible for public food assistance—is key to designing interventions 
that improve food security and overall health. Based on the barriers to food access uncovered in our work, 
there are multiple avenues forward for further research and for better interventions to improve food access. 
Further explorations of how to incorporate store characteristics such as item quality and quality of service 
may improve models of potential food access to better guide future studies. In the realm of interventions, 
efforts to improve informational access, through cooking and nutrition workshops or better publication of 
sources of alternative foods such as community gardens or food banks may be especially needed in rural 
areas.  

Toward the goal of improving retail access, there are several paths forward through solutions beyond the 
traditional retail format. Early research suggests that mobile markets can improve access to fresh produce and 
facilitate higher consumption of fruits and vegetable (Zepeda, Reznickova, & Lohr, 2014). A mobile market 
can ease access challenges through the retail experience to residents in far-flung places without having to 
solely derive its revenue from a small and dispersed population in one place. Given the particular challenges 
of accessing stores for young mothers and for the elderly and disabled, even when the distance to the store is 
not that long, pilot studies of allowing online purchasing of groceries with SNAP EBT hold particular 
promise for easing access to adequate food (USDA Office of Communications, 2017). However, such 
interventions will have to contend with obstacle of poor internet connectivity in rural areas to fully realize 
their potential; in this study only half of participants had internet access at home and would thus be able to 
take advantage of such a program.  

Overall, this thesis suggest that there are serious barriers to sufficient food access in rural Arizona. These 
barriers may contribute to the high rates of food insecurity in the state and prevent vulnerable populations 
from accessing the public programs designed to protect against food insecurity. Improving food access for 
these populations is not only a matter of health promotion but also of equity. With these three papers we 
provide a demonstration of three ways to highlight the access challenges faced by rural residents, through 
comparison of existing retail distributions to an optimal one, through applications of more nuance access 
measures, and through mixed-methods approaches that consider both individual potential and realized access 
and the lived experiences of rural food assistance recipients. Overall, we hope to encourage realistic 
assessment of rural food access and spur interventions tailored to the rural experience to put food in reach 
for all.   
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