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Abstract

:

Food deserts (FD) have attracted attention after the post-COVID-19 pandemic, primarily due to adverse health and other implications of living in areas designated as food deserts. Most studies have focused on various aspects of the impact of food deserts, including the nutritional and health risks of living in FDs. Spatial integration and analysis of the GIS data in food provide a powerful way to expose the issues of creating deserts and how they change over space and time. This study aims to investigate the socioeconomic factors influencing food deserts using geospatial analyses. Guilford, Bladen, and Rutherford Counties in North Carolina were selected as case studies due to their higher percentage of the population with limited healthy food access. This study used open-source data, such as the USDA’s Crop Land Layer (CDL) land cover maps, census data, and the Food Access Research Atlas. This research provides a geostatistical analysis of FDs based on income/expenditure, population, vehicle, and food aid. The study results generally showed that geospatial technologies are vital for investigating FDs. The results will assist policy makers and other responsible agencies in formulating appropriate intervention policies tailored to meet the demands of these counties.
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1. Introduction


Food is vital for human survival and individuals’ proper growth and development. Therefore, access to fresh, healthy, and affordable food in all communities is essential for overall community development, regardless of socioeconomic status or geographical location. Despite the significant benefits derived from consuming fruits and vegetables, not all communities have access to them at a reasonable price. Food access and availability are essential determinants of food deserts (FD), which refer to areas with limited access to healthy and fresh food. Lower incomes, abandoned or deserted residences, and low-density urban regions often characterize these areas [1,2]. FDs are associated with various diet-related health issues, including obesity and mental health disorders, particularly among vulnerable populations [3]. This problem has been exacerbated by the COVID-19 pandemic, highlighting the adverse health implications of living in food deserts. Low-income households are more likely to face limited access to healthy food options due to the complex and multifaceted socioeconomic factors contributing to food deserts. These factors include income, population, and vehicle access, which all play vital roles in determining access to healthy food options and can make it difficult for low-income families to afford them [4]. There is a need for comprehensive assessments of land use and transitions near food deserts to identify areas where interventions may be necessary.



Numerous studies have focused on various aspects of the impact of food deserts, including the nutritional and health risks of living in food deserts. Research conducted in the United States has revealed that food insecurity is more prevalent in southeastern areas with lower incomes, higher poverty rates, and limited transportation access [5]. This issue has garnered even more attention in the post-COVID-19 pandemic era due to the adverse health and other implications of living in areas designated as food deserts. A study analyzing 300 online survey responses highlighted the stressful effect of individuals in food desert regions already struggling with unemployment and severe mental illness, underscoring the urgent need for clinical and policy-level interventions to address this social challenge [6]. In North Carolina, FDs are significant public health concerns, particularly in low-income and rural areas within the State. Approximately sixteen percent of North Carolina census tracts are designated food deserts [7]. More recently, the number of North Carolina residents living in FDs has been brought to the attention of stakeholders. In 2022, approximately 1.6 million North Carolinians resided in FD areas across the State 2022 [7]. To reduce food insecurity and build resilient communities, researchers have collaborated efforts and proposed alternative measures to curb the effects of FD on low-income earning communities. Research shows that interventions to improve food access in food desert areas can positively impact health outcomes, including reducing obesity rates and related health concerns [8]. One approach suggests opening grocery stores in underserved areas. At the same time, another incentivizes farmers to sell fresh produce in low-income neighborhoods. These policy solutions have shown promise in curbing the adverse effects of food deserts. They represent essential steps toward building more equitable and healthy communities. Alternative strategies were using selected food banks as substitutes for grocery stores and assessing their capacity to provide food assistance while addressing the underlying causes of hunger in their communities [9].



The socioeconomic factors that contribute to food deserts are complex and multifaceted. Income, education, race, ethnicity, and transportation all play a role in determining access to healthy food options. Income is a critical socioeconomic factor that contributes to food deserts. Several studies above have found that low-income households were more likely to have limited access to healthy food options primarily because healthy foods are more expensive, making it difficult for low-income families to afford them. Additionally, lower demand levels make grocery stores and supermarkets less likely to open in low-income areas [10]. In recent years, there has been an increasing interest in using geospatial analysis to study food deserts. This approach allows researchers to examine the spatial distribution of food deserts and identify areas where interventions may be needed.



Spatial analysis of socioeconomic factors is essential for identifying and addressing FD in North Carolina. Lower educational status has been identified as a contributing factor to FDs. Studies, such as those referenced in [11,12], have confirmed that areas with lower educational attainment are more likely to experience FDs. This indicates that residents in these areas may need more knowledge and resources to make healthy food choices, such as preparing meals or reading food labels. Additionally, race and ethnicity are critical socioeconomic factors contributing to FDs. Hence, education and outreach efforts are also needed to help residents make healthy food choices and navigate the food system [13].



Finally, transportation is critical in determining access to healthy food options. Residents who do not have access to vehicles or other means of transport will find it difficult to travel to grocery stores or supermarkets, mainly if they live in areas with limited public transportation options, resulting in limited access to healthy food, primarily fresh fruits, and vegetables. Other researchers have argued that despite the attempt to increase the consumption of fruits and vegetables in the designated areas, consumers’ tastes and preferences supersede all interventions amid varying barriers.



These studies demonstrate a broad spectrum of studies centered on FD, including the value of geospatial analysis in understanding the spatial distribution of FDs in the United States. In contrast, further research is needed to examine the effectiveness of different interventions and develop strategies that address the underlying socioeconomic factors contributing to FDs. Further, there is a need for a comprehensive assessment of land use and land-use transitions (LUTs) near FDs and to reveal the underlying social characteristics of these areas.



This study aims to provide a geospatial approach to investigating the socioeconomic factors influencing FDs identified by the USDA in three North Carolina counties. In addition to the USDA’s FD criteria, this study incorporates additional socioeconomic factors such as income, population, household size, and SNAP beneficiaries in assessing FDs and their associated social challenges.




2. Methodology


2.1. Conceptual Framework


This study proposes a framework for spatial analysis of FDs in Figure 1, by combining land use, FD maps, and census tract data with the unique socioeconomic characteristics of the area to generate a spatial correlation model that provides comprehensive insights into areas that are FDs. Socioeconomic characteristics such as population, income, household size, and SNAP beneficiaries are essential for FD analysis as they impact food access and availability. Additionally, promoting healthy land use patterns is a way to reduce FD in communities. Effective land use decisions play a significant role in influencing the availability and location of food retailers as well as food supply. This influence can be achieved by implementing zoning laws and industrial development practices. Thus, the decisions made regarding land use directly impact FDs [14]. Therefore, an understanding of the complex relationship between these factors and food access in areas identified as food deserts can be obtained by better evaluating these characteristics. For instance, a higher population in an area may increase the demand for food. Additionally, a lower income may limit access to healthier and more expensive food options. Similarly, household size can influence food purchasing patterns and the quantity needed, while SNAP beneficiaries may be more vulnerable to food insecurity due to financial constraints. By evaluating these socioeconomic characteristics, we can better understand the complex relationship between these factors and food access in areas identified as FDs.




2.2. Data and Study Area


2.2.1. Data


This study utilized data from the U.S. Census Bureau [15], the National Agricultural Statistical Service (NASS) USDA, and the USDA Food Access Research Atlas (FARA) [16] to analyze FDs in three counties in North Carolina. The datasets include:




	(a)

	
FD Maps: USDA FD maps indicate areas where people have limited access to affordable and nutritious food based on food availability, income levels, and transportation infrastructure.




	(b)

	
Census Tract: Census tracts are critical data for analyzing demographic and economic data in the United States, reporting essential statistics such as population size, age, race and ethnicity, income, education, housing, and employment. Government agencies, researchers, and policy makers widely use the data collected through census tracts to make informed decisions regarding public policy, business strategy, and community development. Census tracts play a significant role in identifying areas that require attention and intervention to ensure equitable development and informed decision-making.




	(c)

	
Land Use and Land Cover: Land use and land cover are two distinct concepts yet closely related. While land use entails human decision activities that determine how land is utilized, land cover refers to the physical features of the land’s surface including manmade structures and natural vegetation [17]. Therefore, strategic land use decisions can significantly enhance food production in specific areas [18] through optimal land use practices.










2.2.2. Study Area


The study counties seen in Figure 2 are three distinct agricultural statistical districts in North Carolina; the Southern Coastal (Bladen), Northern Piedmont (Guilford), and the Western Mountain (Rutherford) to illustrate the diversity of natural resources and farmland usage in N.C.



	
Guilford County covers a 645-square-mile area with an estimated population of 542,410 as of 2021 and is the third most populous county in the State (U.S. Census Bureau-QuickFacts, 2021).



	
Bladen County is in the southeastern part, primarily a rural county with approximately 33,000 people. The county’s economy is predominantly agricultural, with peanut production being a significant crop.



	
Rutherford County is in the western part of the State of North Carolina in the United States. It is situated in the foothills of the Appalachian Mountains and covers an area of approximately 566 square miles. The county has a population of approximately 67,000 people, with the largest city and county seat being Rutherfordton.







2.2.3. Spatial and Socioeconomic Analysis


To assess the socioeconomic factors in FDs, many spatial analyses were conducted. The USDA provide FD maps that are polygon features at census tract level based on four different definitions of FD:




	▪

	
(a) 0.5–10: Any low-income census tract where a substantial percentage of the population is more than half a mile(urban) or ten miles (rural) from the nearest grocery store.




	▪

	
(b) 1–10: A low-income census tract with substantial population size in an area more than a mile(urban) or ten miles (rural) away from a supermarket.




	▪

	
(c) 1–20: A low-income census tract with a substantial population size in an area more than a mile(urban) or twenty miles (rural) away from a supermarket.




	▪

	
(d) Vehicle: where thirty-three percent of the population is away from the closest supermarket for more than 20 miles regardless of vehicle access.









On the other hand, the census tract data are tabular data with different attributes such as population size, age, race and ethnicity, income, education, housing, and employment. Hence, the spatial join analysis tool was applied to the census tract data and the FD maps. This created a geospatial layer encompassing all relevant socioeconomic characteristics for the FD areas to assess the relationship between food access and various socioeconomic factors, such as income.



Further, for land use and land cover analysis, Crop Data Layer (CDL) and the National Land Cover Database (NLCD) are two primary datasets in the US. Recent research has shown CDL to have greater precision than the NLCD [19]. As a result, we have chosen to rely on CDL raster-formatted data for subsequent analysis. The data collected were preprocessed to ensure proper GIS projection and format. Again, understanding land users’ spatial and temporal patterns, especially in cultivating vegetables and fruits, is crucial for evaluating relationships with factors such as agricultural productivity and economic policy drivers. Thus, previous studies, including [20,21], have highlighted these factors. Hence, this study utilized reclassified CDL datasets, as provided by [20], which categorize land use into eight broad categories data to allow for a more detailed analysis of land use patterns and their relationships with critical factors. The initial CDL data had 254 individual classes.



Table 1 provides the classification of CDL into various categories to determine potential crop cultivation. A spatial analysis was conducted by utilizing the reclassified land use and FD polygons to obtain the maps.



Following this, the socioeconomic parameters of the FD areas for both years were compared utilizing the Statistical Summary function in ArcGIS. Through this statistical analysis, socioeconomic characteristics in FDs were examined and their spatial correlation was identified. A comprehensive understanding of the data was obtained by identifying patterns, going beyond visual observation on a map, thereby revealing the overall characteristics of the analyzed set of features.






3. Results


This section provides the results for the geospatial model described in Section 2. Figure 3a–c show the unclassified land use for Guilford, Bladen, and Rutherford, respectively, while Figure 3d–f illustrate the reclassified land use layer for the three counties under the eight land use categories: vegetables, fallow, fruits, row crops, hay, forest, developed lands and wetlands.



Figure 4 illustrates the land use characteristics of FD hotspots in Guilford County. The selection of Guilford County was based on its significant developmental usage, particularly for residential and commercial purposes, compared to the other two counties. Figure 4 shows that all FD areas in Guilford County were clustered around developed and barren regions. Overlaying FD maps with land cover data to reveal the spatial relationship between FDs and land cover characteristics for all four FD criteria. Specifically, Figure 4a shows the relationship between FD areas under the half to 10-mile criteria and land cover of Guilford County, where almost all tracts were categorized under the developed or barren land cover class. This observation may indicate one of the adverse effects of urbanization and increased population [22] in the study area, where land once available for agriculture has been converted for residential and commercial development. This conversion can decrease the availability and affordability of fresh and healthy food options, ultimately contributing to the development of FDs.



Figure 5 illustrates the maps under the four USDA FD definitions in Guilford County. The maps were created by spatial joining between the 2019 FD and census tracts.



Figure 5a indicates the FD designations within a half-mile (urban) radius in the urban areas and 10 miles for the rural areas from the nearest grocery store within Guilford County. The study’s results demonstrate that 48 census tracts were identified as FDs based on this FD definition. However, according to Figure 5b,c, only 17 low-income census tracts were designated as FDs where the average distance between residential units and retailers were beyond 1 mile in urban and ten miles in rural areas. Notably, no discrepancy was observed between the two FD definitions (Figure 5b,c) as they identified the same number of FD tracts. Lastly, Figure 5d indicates that 23 tracts within Guilford County were designated as FDs under criterion (d). This study focuses on the three counties of Guilford, Rutherford, and Bladen under criterion (a).



The key findings in this section set the pace for a detailed investigation of the nature of the landscape of the three counties. Figure 6 identifies FDs under the criteria 0.5–10 miles for all three counties, where Figure 6a represents Guilford and Figure 6b,c for Rutherford and Bladen, respectively. In Guilford County, 48 census tracts have been designated as food deserts, accounting for thirty-nine percent of the total tracts. Additionally, approximately fifty percent of the census tracts in Bladen County are classified as food deserts. Additionally, in Rutherford County, an estimated seventeen percent fall within this designation. Rutherford is the least affected of the three counties, with only two census tracts classified as food deserts. Guilford County falls in the middle, followed by Bladen, with the highest proportion of food desert census tracts. Hence, the need for the CDL reclassification utilized and geocoding of the counties.



Guilford County has a large area covered with forest lands and scattered hay portions, as seen in Figure 3d. However, there were no significant designated lands for producing vegetables and fruits. Furthermore, much of Guilford County’s land comprises developed areas, including residential and commercial properties. As the populations of major cities within the county, such as Greensboro and High Point, continue to grow, there is a corresponding need for additional residential and commercial developments to accommodate this expansion. These developments serve as a reflection of Guilford County’s status as a dynamic urban center.



The landscape of Bladen County shows a different outlook. Forest and wetlands represent approximately seventy percent of the county. Row crops and hay production within the county represent the remaining portions of the land. This illustrates that low-population row crop has significant production in Bladen County. Additionally, there are fewer barren lands relative to all three counties.



Specialty row crops such as peanuts are popularly grown in Bladen County. Peanut production in the county has been a staple crop driving the Bladen economy for years. According to the USDA, peanut production in North Carolina reached 167 million pounds in 2019, making it one of the top peanut-producing states in the country. Bladen County is among the top peanut-producing counties in North Carolina.



The county of Rutherford exhibits a distinctive character due to its significant forested area, which comprises approximately seventy-five percent of its total landmass. In addition, the county’s agricultural sector is dominated by hay production, accounting for twelve percent of the total agricultural output. In contrast, the combined output of fruit, row crops, and vegetable production only amounts to approximately one and a half percent, as depicted in Figure 3f.



Socioeconomic Characteristics


Food access is an essential aspect highly considered by policy makers, hence the need to understand all characteristics associated with FD designations.



Figure 7 presents a comparative analysis of the following socioeconomic variables across three counties: population, income, and household sizes. The variables chosen for this analysis are some of the most significant determinants of an area’s economic and social characteristics. Their analysis provides insights into the conditions that shape the well-being of communities.



The spatial analysis identifies the presence of FDs, particularly in Guilford, Rutherford, and Bladen counties, with varying severity depending on the definition used. This study finds that low-income households in FD census tracts are disproportionately affected in all three counties, as evidenced by a higher percentage of households with incomes below the poverty level than in non-FD tracts. In Guilford County, the proportion of low-income households decreased over the period. In contrast, in both Bladen and Rutherford Counties, it increased. For example, in 2015, the percentage of low-income households in food desert areas of Bladen County was fifty percent. However, by 2019, this had risen to a hundred percent, indicating that all low-income households in the county were concentrated in FD areas.



This study highlights a trend of increasing population in FD areas from 2015 to 2019, potentially due to urbanization, changes in the local economy, or demographic shifts [23]. Household sizes in FD areas also increased in Guilford County during this period, indicating a likelihood of more individuals being affected by food insecurity in the future. To be more precise, the proportion of households with more members in areas classified as FDs in Guilford County rose from 35% in 2015 to 39% in 2019. This demographic shift may negatively impact food availability and affordability, as larger households typically consume more food and incur higher food-related costs.



Furthermore, this study highlights the importance of SNAP benefits in addressing food insecurity in FD areas. The percentage of households receiving SNAP benefits increased significantly in Guilford County, indicating the effectiveness of this program in supporting low-income families.



This study’s findings highlight the necessity of targeted interventions to tackle food insecurity in North Carolina’s FD areas. These interventions may involve expanding healthy food retail options and providing financial incentives to grocery stores to establish nutritional programs. Addressing the root causes of food insecurity in these areas could enhance the health and well-being of North Carolina’s inhabitants and advance the cause of a more equitable society.





4. Discussion


The results are helpful for policy makers, community organizations, and researchers working to improve food access and health outcomes in underserved communities.



The present study aimed to identify the socioeconomic factors contributing to food desert hotspots in three counties in North Carolina while assessing the spatial distribution of FD areas. The results indicated that a significant portion of all three counties in FD are disproportionately concentrated in low-income and minority communities. The spatial analysis revealed that food deserts are clustered in urban areas, particularly in the central and eastern parts of the State. In contrast, rural areas experience fewer issues related to food access.



This study’s findings align with previous research on FDs [24,25,26], indicating that socioeconomic factors, including income and population, significantly contribute to the spatial distribution of FD areas. The spatial analysis further highlighted the importance of land use patterns in determining the accessibility of healthy food options in North Carolina. Our study’s findings can have significant policy implications, particularly in addressing food insecurity in low-income and minority communities. Policy makers can utilize the result to target interventions for those communities that need them the most, including supporting initiatives such as community gardens, farmers’ markets, and mobile grocery stores. Additionally, efforts to increase the density of supermarkets and improve transportation infrastructure could help increase food access in underserved areas.



This study only considered the spatial distribution of FDs and not examine other factors that may contribute to food access, such as food quality and detailed knowledge of consumers’ tastes and preferences, which are usually dynamic. Future research could use longitudinal data and incorporate additional variables such as tastes and preferences to provide different perspectives on the drivers of food insecurity in North Carolina. Finally, our study contributes to the growing literature on FDs. It offers essential insights into the socioeconomic factors contributing to food insecurity in North Carolina. We believe that by understanding the spatial distribution of FDs and their contributing elements, policy makers can implement effective policies to address food insecurity and promote health equity in underserved communities.
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Figure 1. Conceptual framework. 
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Figure 2. Study areas. Bladen, Guilford, and Rutherford, North Carolina, USA. 
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Figure 3. (i) Unclassified land use data for Guilford (a), Bladen (b), and Rutherford (c). (ii) CDL reclassification for all three counties: Guilford County (d), Bladen County (e), and Rutherford County (f). 
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Figure 4. Overlay of FD polygons on reclassified CDL for Guilford County. 
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Figure 5. FD maps with four definitions for Guilford County. 
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Figure 6. FD for all three counties in 0.5–10 miles (a) Guilford (b) Rutherford (c) Bladen. 
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Figure 7. Socioeconomic analysis of FD areas in Bladen, Rutherford, Guilford. 
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Table 1. Land Use and Land Cover Reclassification.
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	Old Classification
	New Classification
	Type





	12; 43; 46–50; 53; 54; 57; 206–209; 213; 214; 216; 219; 222; 229; 243; 245–248
	1
	vegetables, potatoes, and melons (VMP)



	61
	2
	fallow/idle



	55; 67–69; 74; 77; 218; 221; 242; 250
	3
	fruits, nuts, and berries (F.N.B)



	1–6; 10; 11; 21; 23–32; 34; 39; 41; 42; 44; 60; 205; 224–226; 228; 235–241; 254
	4
	row crop(field crops)



	36; 37; 58; 176
	5
	hay, grass, or pasture (Hay and forage crops)



	13; 59; 63; 70; 71; 141–143; 152
	6
	cultivated Christmas tree (CCT), nursery greenhouse floriculture (NGF), and forests



	121–124; 131
	7
	developed or barren



	87; 92; 111; 190; 195
	8
	wetlands, aquaculture, water
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