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Abstract 
Fair access to fresh fruits and vegetable is an important aspect of a healthy civil society. This study 
investigates the potential of farmers markets to transform food deserts of Texas into oases. Data 
for age, sex, race, income, grocery store access, and farmers markets in Texas were obtained from 
the US Department of Agriculture (USDA) Economic Research Service Food Environment Atlas and 
the US Census Bureau, in order to investigate the association between civic agriculture in the form 
of farmers markets and food insecurity in Texas. Data were statistically analyzed and spatially in-
vestigated. Spatial analysis of the distance to nearest farmers market suggests a strong inverse 
correlation between the distribution of civic agriculture activities and food deserts. These results 
encourage non-farmers transition to farming careers and help local farmers in Texas improve 
their competitiveness, preserve their farming traditions, and contribute to their societal and eco-
nomic development. 
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1. Introduction 
“The world food order is increasingly fragile, supplemented by ad hoc food assistance programs, and countered 
by alternative agricultures” [1]. Food systems in the world are the basis for food production, the social characte-
ristics of behavior, and the governmental programs associated with these activities [2]. Due to the increased 
complexity of food insecurity in a highly developed country like the US, more diversified research has been 
conducted in order to demystify its causes. On average, food travels more than 1600 km from farms to plate [3] 
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and more than 15% of American households were located in food deserts [4]. Having one of the fewest super-
markets per capita [5], Texas’ food system disconnect is one of if not the worst nationwide. 

Mainstream US food system is of global large scale where farmers, corporations, and government programs 
synchronize their activities in order to ensure food security. Nevertheless, a network of “Smaller-scale, locally 
oriented, flexibly organized farms and food producers” [6] has been progressing all over the country in order to 
close the gaps in food shortages. The idea of civic agriculture is the origin of current industrialized food system 
which offers hope of connecting the broken social ties and ailing communities. Civic agriculture in general can 
be grouped into five main categories: home gardeners, community gardeners, charity growers, educational gar-
deners, and market growers [7] [8]. Multifaceted inter-correlated factors are inherent to each of these measures. 
Preliminary research has not proven its affordability [9] [10]. Examples of spatially spreading food models in 
Texas include farmers market, food coops, and master gardeners.  

Although there is evidence that small-scale, local agricultural models positively affect social and community 
ties, the literature is inconclusive about the social benefits of civic agriculture [11]-[13]. Can a small local far-
mer’s market or a food coop break the cycle of a global or a national unevenly distributed food system? The 
purpose of this study is to thoroughly examine this possibility for a distinctive state like Texas. Establishing 
food system fairness is essential to a civic society where social aspects connect the economy with the state [14]. 
The study of access to fresh food in Texas measures the extent to which civic agriculture is fostering fairness in 
the state’s food system. Despite the presence of many governmental programs like the Farm Bill, Food Surplus 
Commodities Corporation, and Food Stamp Program; field crops benefit most from the mainstream industria-
lized food system [6] [15], indicating the increased demand for food security [16] especially for low income 
residents. 

Researchers have different views of the role of civil society. Some argue that it has the ability to fortify and 
build itself by some people’s united actions as in the example of civic groups that are active in the community 
and its politics [17]. Others see the need for the government to take care of all the community needs [18] while 
others argue that the society needs to embed economic transactions in its structure but with prioritizing individ-
uals’ needs [6]. Applying this to food system, by incorporating local food systems within the society in the form 
of civic agriculture, the community can strengthen its social links, which supports justice in the food system. 

2. Methods 
2.1. The Data 

The geographic location for this study is all the census tracts in Texas. Three datasets were linked: food deserts 
[19], age and sex statistics by census tract [20], and the list of farmers markets in Texas [21]. According to 
USDA, a food desert is a “census tract with a substantial share of residents who live in low-income areas that 
have low levels of access to a grocery store or healthy, affordable food retail outlet” [19]. Low-income census 
tract has a poverty rate of 20% or higher or a median family income at or below 80% of the tract’s median fam-
ily income. A census tract is labeled as low-access if 500 or more of its residents or 33% of its population live 
more than half a mile (for urban areas) from a grocery store or 10 miles (for rural areas) [19]. This data is rec-
orded in a binary (1/0) variable named Y = Low income and low access measured at 1/2 for urban areas and 10 
miles for rural areas. Moreover, cropland data [22] was extracted in order to study the main crops of texas. 

2.2. Logistic Regression 

Logistic regression was conducted to measure the association between the dichotomous dependent variable (y = 
low income and low access measured at 1/2 and 10 miles) and the independent variables. The logistic model as-
sumes that the logit of the probability for Y is a linear function of the independent variables distance to nearest 
farmers market. The logit of a probability p is defined as log (p/1 - p), where log represents the natural logarithm 
[23]. Logistic regressions were conducted for each of the risk factors: males (%), females (%), median age (%), 
males median age (%), females median age (%), white (%), black (%), American Indian (%), Asian (%), other 
races (%), number of housing units, urban tracts (%), rural tracts (%), census tract population (%), and distance 
from the center of the census tract to the nearest farmers market (mile). Then a combined model was developed 
including the risk factors that were statistically significant (p-value less than significance level of 0.05). Odds 
rations (OR) were calculated for these models.  
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3. Results  
Texas has 254 counties and more than 5250 census tracts. More than 37% of Texan census tracts are located in 
food deserts. Summary of Texas food desert aspects are presented in Table 1. The two highest measured va-
riables that combined low income and low access were “low income and low access measured at 1 and 10 miles” 
and “low income and low access measured at 1/2 and 10 miles” with 21 and 38 percentages respectively. Urban 
areas make up the majority of the state (78%) whereas 22% is rural. While 94% of the residents have access to a 
grocery store within 10 miles, 46% are of low income. On average males and females represent 50% of the cen-
sus tracts” populations. Median Age is 35 years, males median age is 34 years, and females median age is 36 
years. In 2010, 74% of the residents were white, 12% were black, 1% were American Indians, 4% were Asian, 
and other races including Hispanics were 9% (Figure 1). 

There are 200 farmers markets in Texas. Only 55% of them are active year-round and only 18% accept cash. 
About 52% offer fresh vegetables and only 9% offer fresh fruits. Whereas 55% offer wild harvest and 65% sell 
prepared food. Only 12.5% offer organic produce (Table 2). A map of their locations as well as areas of low in-
come and low access at 1/2 and 10 miles is given in Figure 2. The majority of farmers markets are located in 
areas with higher population density like Houston, Austin and Dallas. Their spatial distribution is inversely as-
sociated with areas of food insecurity in the state. 
 

Table 1. Demographics of Texas residents 2010.                                     

Group Number % 

Total 5258 100 

Low income and low access measured at 1 and 10 miles 1093 21 

Low income and low access measured at 1/2 and 10 miles 1994 38 

Low income and low access measured at 1 and 20 miles 993 19 

Low income and low access using vehicle access 918 17 

Urban tract 4107 78 

Rural tract 1151 22 

Low access tract at 1/2 mile 5020 95 

Low access tract at 1 mile 3418 65 

Low access tract at 10 miles 330 6 

Low access tract at 20 miles 30 1 

Vehicle access-tract with low rate 1215 23 

Low income 2419 46 
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Figure 1. Locations of Farmers Market in Texas 2015.                                   
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Table 2. Categories of farmers markets in Texas.                   

Market Category Count Percentage 

Total 200 100 

Seasonal 91 45.5 

Year Round 109 54.5 

Accept Cash 18 9.0 

Fresh Vegetables 105 52.5 

Organic Produce 25 12.5 

Fresh Fruits 9 4.5 

Wild Harvest 110 55.0 

Prepared Food 65 32.5 

 

 
Figure 2. Texas farmers markets (F) and areas of low income and low 
access at 1/2 (urban) and 10 miles (rural) in 2010.                     

 
The distance between a census tract’s center to nearest farmers market was calculated for each of the 5258 

tracts and merged to the demographics dataset. Bivariate analyses of unadjusted odds ratios found that gender, 
median age, race, population and distance to nearest farmers market were associated with Y (low income and 
low access measured at 1/2 for urban and 10 miles for rural tracts) (Table 3). Females have 10% higher chances 
to live in or near a food desert than males, African Americans have 3% higher odds than other races, American 
Indians have 7% higher odds than other races, and other races have 9% higher odds. Also, living in an urban 
area increases a resident’s odds to be in a food desert are 635% higher and the higher the distance to farmers 
market the higher the odds to suffer from food insecurity. 

For the second logistic regression analysis, only those with p-value less than 0.05 and OR greater than one 
from the unadjusted logistic regressions in the previous step. These are presented in Table 4. They were all sta-
tistically significant except the percentage of American Indians (p-value 0.20). Odds ratios were similar to those 
calculated in the unadjusted bivariate regression. Finally, corn (14%), cotton (30%), rice (10%) and sorghum 
(15%) were the four highest Texan cash crops in 2010 (Figure 3). 
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Figure 3. Main four crops in Texas.                                              

 
Table 3. Unadjusted odds ratios for the risk factors for Texas census tracts 2010.            

Variable (N = 5258) Mean OR P value 95% CI 

Males 50% 0.99 0.05 0.97  1.00 

Females 50% 1.01 0.05 0.99  1.02 

Median Age 35% 0.87 0.00 0.86  0.88 

Males Median Age 34% 0.87 0.00 0.86  0.88 

Females Median Age 36% 0.89 0.00 0.89  0.91 

White 74% 0.97 0.00 0.97  0.98 

Black 12% 1.03 0.00 1.02  1.04 

American Indian 1% 1.07 0.02 1.01  1.13 

Asian 4% 0.93 0.00 0.91  0.94 

Other Races 9% 1.09 0.00 1.08  1.10 

Housing Units 1697 0.99 0.00 0.99  0.99 

Urban 78% 7.60 0.00 6.23  9.34 

Rural 22% 0.13 0.00 0.10  0.16 

Population 4712 0.99 0.00 0.99  0.99 

Distance to nearest farmers market (mile) 948 1.99 0.00 1.98  2.10 

4. Discussion 
Overall, this study supports the theory of increasing the number of fresh food outlets can combat spread of food 
deserts. The spatial distribution of farmers market has significant association with food insecurity in Texas. The 
relationship holds true even when adjusting for race and type of area (urban/rural). Census tracts in food deserts 
have many correlated factors that call for a more thorough investigation; where the factors of age, sex, race, in-
come, obesity, education attainment, and health risk can be investigated concurrently in order to understand the 
effects of their interactions. 

While previous nation-wide research concluded that farmers markets were not significant for the whole country 
but were significantly inversely associated to health issues like obesity rates [11]-[13], the findings from this  
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Table 4. Odds ratios adjusted by the risk factors for Texas census tracts 2010.              

Variable (N = 5258) Mean OR P value 95% CI 

Black 12% 1.03 0.00 1.02  1.03 

American Indian 1% 1.04 0.20 0.98  1.10 

Asian 4% 0.89 0.00 0.87  0.91 

Other Races 9% 1.08 0.00 1.07  1.10 

Urban 78% 7.30 0.00 5.90  9.10 

Distance to Farmers Market (mile) 948 2.03 0.00 1.99  2.07 

 
study suggest a number of interesting implications of the potential of civic agriculture to resolve food insecurity 
in Texas. Being black increases a Texan’s resident odds of being in a food desert by 3%, by 1% for American 
Indians, 4% for Asians, and 9% for other races. Living in an urban census tract increases the odds of being in a 
food desert by 630% and for each 1 mile increase in distance to farmers market, there is a 103% increase in the 
odds of being in a food desert. Additionally, the spatial distribution of civic agriculture activities is inversely 
correlated with that of food deserts. Also, most of the cash crops are produced following a large-scale manner 
which contributes both to the state’s wealth and to the increasing gap of fresh food supply. Finally, in this study 
age and gender did not have any visible effect on the odds of suffering from food insecurity.  

With regards to community’s health, some researchers argue that civic agriculture in the form of farmers 
market provide a superior alternative to large superstores that are neatly stacked with everything a customer 
needs, because their produce is local, seasonal, supports family farmers, and encourages consumers to prepare 
their own meals rather than relying on highly processed quick to prepare food [24] [25]. Another documented 
benefit for small locally owned businesses is that they provide venues for the community to “come together and 
develop social bonds and a sense of trust” [26]. 

According to the US Census Bureau State-to-State Migration Flows data, Texas received hundreds of thou-
sands of immigrants who are mostly unemployed African Americans from Louisiana because of hurricanes and 
in the pursuit of a better life in a wealthy state like Texas [27] [28]. This socioeconomic factor increases the 
need for fresh food supplies especially for under-served under-represented minorities. Having farmers markets 
in such neighborhoods can provide access to fresh fruits and vegetables, create jobs, and bring the community 
together.  

5. Conclusion 
The aim of this study was to investigate the potential of civic agriculture in the form of farmers markets to solve 
the problems of food insecurity in Texas. There is strong evidence that a spatially distributed network of farmers 
markets in Texas has the potential to break the cycle of low-income low-access as well as strengthening the ties 
of the community. Yet, this conclusion need not to be taken for granted because of the many factors confounded 
in its investigation. Thus, more research is required in order to investigate the many other factors that play role 
in the association between farmers markets and food deserts in Texas. This research need to consider the spatial 
distribution of these civic activities as well as the time duration that is sufficient for it to reach its potential. 
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