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 i 

Abstract 

I study the relationship between farmers markets accepting food stamps (SNAP) and 

food-borne illness in the United States. Using a state-level panel data set that covers 50 

states and the District of Columbia for 2004-2013, I find no relationship between SNAP-

accepting farmers markets per capita and reported outbreaks of food-borne illness and 

cases of food-borne illness per capita. When including SNAP redemption value at 

farmers markets as a control variable, I find a negative and statistically significant 

relationship between farmers markets accepting food stamps per capita and reported C. 

perfringens outbreaks per capita for 2009-2013. When excluding SNAP redemption 

value at farmers markets from the control variables, I find positive and statistically 

significant relationships between farmers markets accepting food stamps per capita and 

reported staphylococcus aureus outbreaks, as well as reported Salmonella enterica 

outbreaks, per capita. The falsification and placebo tests indicate that these relationships 

are likely to be spurious.  
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1.! Introduction 

Food-borne illness (also known as food-borne diseases, food-borne infections, or food 

poisoning) is caused by the consumption of contaminated foods or drinks. A food-borne 

illness outbreak is defined as when two or more people experience a similar illness after 

consuming the same contaminated foods or beverages (Centers for Disease Control and 

Prevention, 2015). Food-borne illnesses and outbreaks are a public health problem: 

according to Scallan et al. (2011), “each year roughly 1 in 6 Americans get sick, 128,000 

are hospitalized, and 3,000 die of food-borne diseases.” Consequently, food-borne 

illnesses and outbreaks result in significant costs to the infected individuals, the 

healthcare system, and the economy.  

Individuals with food poisoning may incur medical expenses and have to take time 

off from work for recovery, which causes a loss of income for those affected and a loss of 

productivity for their employer. In extreme cases, food poisoning can lead to severe 

chronic illnesses (Moss 2009) or even death. Food-borne outbreaks are a burden to the 

healthcare system; expenditures are incurred quarantining the infected individuals, 

investigating the causes of the outbreaks, and developing appropriate treatments. The 

general economy also suffers: establishments that sell contaminated foods or beverages 

experience lost sales and revenue as customers' fears lead to decreased consumption. 

Poor business performance and bankruptcies likely negatively affect the economy’s 

overall gross domestic product (GDP). 

In 2014, the US Centers for Disease Control and Prevention (CDC) released cost 

estimates for food-borne Illness data, which describe the cost of “15 pathogens 

[accounting] for over 95 percent of the illnesses and deaths from food-borne illnesses 
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acquired in the United States [US]” (CDC, 2014). Scharff (2012) estimates that the 

annual costs of food-borne illness to the US economy total approximately $51 billion. 

In this paper, I study the relationship between the number of farmers markets 

accepting Supplemental Nutrition Assistance Program (SNAP) benefits (i.e. food stamps) 

per capita in a given state during a specific year (i.e., state-year) and the number of 

reported outbreaks of food-borne illness and cases of food-borne illness per capita for the 

period 2004-2013. Specifically, I examine the total number of reported outbreaks and 

cases of food-borne illness per capita, as well as for the number of reported outbreaks and 

cases of the top seven food-borne illnesses in the data set, i.e., C. perfringens, norovirus, 

the scombroid toxin, staphylococcus aureus, Campylobacter jejuni, Salmonella enterica, 

and E. coli shiga. 

Farmers markets accepting SNAP have many features that can influence food-borne 

illnesses and outbreaks. Such markets are “multi-stall markets at which farmer-producers 

sell agricultural products (fresh fruit, vegetables, meat products, dairy products, and/or 

grains) directly to the general public at a central or fixed location” (EBT, 2015). As a 

result, there are abundant opportunities for consumers to come in contact with the 

pathogens responsible for food-borne illness. Given that farmers markets are not as 

strictly regulated as traditional grocery stores, it is not surprising that there have been 

frequent concerns that products sold at farmers markets are more likely to cause food-

related diseases and outbreaks.  
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SNAP-accepting farmers markets, however, must meet certain requirements set by 

the Food and Nutrition Service1 (USDA, 2015), whose mission is to provide nutritious 

and healthy foods to low-income individuals. As a result, these farmers markets might 

have higher quality products than those in farmers markets not participating in SNAP; it 

is possible that shopping at farmers markets accepting SNAP might decrease the 

probability of contracting food-borne illnesses. Farmers markets’ participation in the 

SNAP program changes the composition of consumers shopping at these markets. 

Recipients of SNAP benefits come from low-income families as well as families with 

children, elderly adults, and disabled individuals (Gray 2014). Individuals from these 

households tend to have lower education levels so it is possible that they are not aware of 

how to handle foods properly. As a result, the change in consumer composition at farmers 

markets might increase the numbers of food-borne outbreaks. Learning how these 

conflicting factors at SNAP-accepting farmers markets might impact the number of food-

borne outbreaks could help direct policies that aim to reduce the socio-economic costs of 

food-borne illnesses and outbreaks. 

To allow identifying the potentially causal relationship between SNAP-accepting 

farmers markets and food-borne illness, I use a fixed effects model with a state-year 

panel data set for the period 2004-2013. The longitudinal nature of the data is exploited 

by including state fixed effects, year fixed effects, by controlling for spillovers from 

farmers markets accepting food stamps in neighboring states (to minimize the risk of 

                                                
1 The requirements that a farmers market must meet to become SNAP-authorized is not 
publicly available. I inquired Food and Nutrition Service but did not receive any useful 
information. 
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violating the stable unit treatment value assumption), by controlling for region-spillover 

interactions, and by controlling for region-year fixed effects. 

When including SNAP redemption value at farmers markets as a control variable, I 

find a negative and statistically significant relationship between the number of farmers 

markets accepting food stamps per capita and the number of reported C. perfringens 

outbreaks per capita for the period 2009-2013. This relationship is robust to 

specifications that control for spillovers from SNAP-accepting farmers markets in 

neighboring states, for region-spillover interactions, as well as to weighting by 

population. It is, however, not robust to specification that controls for region-year fixed 

effects. For the period 2004-2013, the relationship is not statistically significant. The 

placebo test using the restricted sample shows that the relationship is likely to be 

spurious.  

When excluding SNAP redemption value at farmers markets from the control 

variables, I find a positive and statistically significant relationship between the number of 

farmers markets accepting food stamps per capita and the number of reported 

staphylococcus aureus outbreaks. This relationship is not robust to other specifications. I 

also find a positive and statistically significant relationship between the number of 

farmers markets accepting food stamps per capita and the number of reported Salmonella 

enterica outbreaks. This relationship is robust to weighting by population, but not robust 

to the remaining specifications. The falsification tests for these two relationships show 

that they are likely to be spurious. 

With and without SNAP redemption value at farmers markets as a control variable, I 

find no relationship between the number of farmers markets accepting food stamps per 
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capita and the number of reported outbreaks of food-borne illness and cases of food-

borne illness per capita. When including SNAP redemption value at farmers markets as a 

control variable, six types of outbreaks (i.e. norovirus, the scombroid toxin, 

staphylococcus aureus, Campylobacter jejuni, Salmonella enterica, and E. coli shiga) 

and all seven types of food-borne illness cases are found to not have any relationship with 

the number of farmers markets accepting food stamps per capita. When excluding SNAP 

redemption value at farmers markets from the control variables, five types of outbreaks 

(i.e. C. perfringens, norovirus, the scombroid toxin, Campylobacter jejuni, and E. coli 

shiga) and all seven types of food-borne illness cases are found to not have any 

relationship with the number of farmers markets accepting food stamps per capita. 

The remainder of the paper is organized as follows. Section 2 presents the literature 

on food-borne illness, farmers markets, and the relationship between farmers markets and 

food-borne illness. In section 3, I discuss the data and descriptive statistics. Section 4 

details the estimation strategy and identification strategy. Section 5 reports the estimation 

results and their interpretations. In section 6, I discuss the contribution of my findings to 

the extant literature and provide directions for future research. 

2.!Literature Review 

2.1.! Food-borne Illness 

The literature on food-borne illness is immense; the extant research concerns the causal 

agents of food-borne illnesses, the economic costs of food-borne diseases, the behaviors 

that increase the risk of contracting food poisoning, and food safety practices to prevent 

food-borne illness, among others. The vast literature reflects the importance of food-

borne illness as a public health problem.  
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Hoffman et al. (2015) finds that each year, approximately 48 million people get sick 

from food-borne illness in the US. Specific pathogen causes can be traced for only 20 

percent of these cases (9.4 million illnesses). The top 15 pathogens in the US are 

Campylobacter spp., Clostridium perfringens, Cryptosporidium spp., Cyclospora 

cayetanensis, Listeria monocytogenes, Norovirus, Salmonella non-typhoidal species, 

Shigella spp., STEC O157, STEC non-O157, Toxoplasma gondii, Vibrio vulnificus, 

Vibrio parahaemolyticus, Vibrio other non-cholera species, and Yersinia enterocolitica. 

These pathogens are usually found in fresh produce, poultry, meat, and dairy products 

(Centers for Disease Control and Prevention, 2015). The common symptoms of food-

borne illness are diarrhea and vomiting. Some food-borne illness can cause life-

threatening complication (such as sepsis) or long-lasting health outcomes, “including 

chronic kidney disease, recurring intestinal inflammation, reactive arthritis, blindness, 

and mental disability” (Hoffman 2015). 

Klontz et al. (1995) finds that behaviors associated with increased risks of food-borne 

illness include consuming raw food and using the cutting board again after cutting raw 

meat or chicken without cleaning it. Anderson et al. (2011) finds that adults younger than 

60 years of age were less likely to follow recommended food safety practices than those 

that are 60 years old or older. Nesbitt et al. (2009), Redmond et al. (2004), and Scott et al. 

(2003) show that many food-borne illness cases are due to improper food handling. 

2.2.! Farmers Markets 

As consumers’ interest in and demand for local food grows, so too does the number of 

farmers markets. According to US Department of Agriculture's (USDA) Agricultural 

Marketing Service, 8,268 farmers markets operated in 2014, up 220 percent since 2004, 
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and 470 percent since 1994. This rapid expansion has been accompanied by a growing 

literature.   

Many researchers investigate factors that motivate consumers to shop at farmers 

markets. Conner et al. (2010) and Mukiibi et al. (2007) find that consumers placing high 

importance on food quality are more likely to shop at farmers markets. Zepeda and Li 

(2006) finds that attitudes or behaviors related to health do not influence whether 

consumers purchase foods at farmers markets. The 2011 U.S. Grocery Shopper Trends 

Survey "did not identify food safety as a top motivation for purchasing local food, 

although knowing the foods’ source—cited by 40 percent—could reflect concern for food 

safety (Food Marketing Institute, 2011)."  

Karakus et al. (2014) finds that the high-quality of fruits and vegetables and low 

prices are the major reasons for SNAP participants’ decision to shop at farmers markets.  

In fact, SNAP participants purchase most of their fresh produce at farmers markets. 

Evans et al. (2012) finds that the presence of farmers markets in low-income 

neighborhoods in East Austin, TX, significantly increases the residents' intake of fruit 

and vegetables. 

Low et al. (2015) reports that produce and meats at farmers markets are not as strictly 

regulated as those sold in traditional grocery stores. However, SNAP-accepting farmers 

markets must meet certain requirements set by the Food and Nutrition Service (USDA, 

2015), whose mission is to provide nutritious and healthy foods to low-income 

individuals. 
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2.3.! Food-borne Illness and Farmers Markets 

Despite the rich literature on both food-borne illness and farmers markets, research on the 

relationship between the two is meager. Most existing studies in this area focus on 

comparing samples of produce or poultry obtained from farmers markets and those 

procured from supermarkets. Park et al. (1992) compares samples of ten vegetable types 

from farmers markets and supermarkets. Campylobacters - ranked fifth in terms of 

economic burden among the 15 pathogens (Hoffman 2015) – was found in 6 types of 

vegetables at farmers markets, while all samples at supermarkets are negative for 

Campylobacters.  

Scheinberg et al. (2013) compares samples of raw whole chickens from farmers 

markets and supermarkets. Campylobacter spp. and Salmonella spp. were found in 90 

percent and 28 percent of the samples from farmers markets, respectively. For the 

nonorganic chickens from supermarkets, Campylobacter spp. was found in 58 percent of 

samples while Salmonella spp. was found in 8 percent of samples. For the organic 

chickens from supermarkets, 28 percent of the samples tested positive for Campylobacter 

spp., and 20 percent positive for Salmonella spp. 

Bellemare, King, and Nguyen (2016) are the first to empirically study the relationship 

between farmers markets and food-borne illnesses. They find a positive and statistically 

significant relationship between farmers markets and reported food-borne illness 

outbreaks and cases—more specifically reported food-borne illness outbreaks and cases 

of Campylobacter jejuni, and norovirus. 
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3.!Data and Descriptive Statistics 

The data used in this paper come from various sources. The reported number of food-

borne illness outbreaks and cases is from the CDC's Food-borne Outbreak Online 

Database (FOOD) and available for the years 1998-2013. The data on multistate 

outbreaks and cases were only available upon request from the CDC, and only for the 

years 2009-2013. The multistate outbreaks and cases are ascribed to the relevant states. 

The number of farmers markets accepting SNAP benefits is from the USDA's Food and 

Nutrition Service (FNS). The data set covers all 50 states and the District of Columbia for 

the years 2004-2013, for a total of 510 observations. 

With respect to the control variables, state gross domestic product (GDP) figures 

come from the US Bureau of Economic Analysis. Data on state population comes from 

two sources: the US Census Bureau's Population Division (2004-2009) and the Census 

Bureau's American Community Survey (ACS) (2010-2013). Similarly, college 

graduation rates are from the US Census Bureau's Current Population Survey (CPS) 

(2004) and from ACS (2005-2013) since ACS data are not available prior to 2005. The 

number of restaurants per state is from the US Census Bureau. State poverty rates come 

from ACS. SNAP redemption values at farmers markets are from the USDA's Food and 

Nutrition Service Benefits Redemption Division (FNSBRD) and are only available for 

2009-2013.  

The proxies for education and income are included because Berning et al. (2013) 

finds that these variables explain the location of farmers markets. The number of 

restaurants per capita is included to account for the number of meals eaten away from 

home. State poverty rates and SNAP redemption values at farmers markets are included 
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because they are correlated with the number of farmers markets accepting SNAP 

benefits. Last but not least, for the placebo tests, data on bankruptcy fillings per state 

come from the American Bankruptcy Institute. 

The average state-year experienced 21 outbreaks and 360 cases of food-borne illness, 

including six outbreaks and 156 cases of norovirus, four outbreaks and 51 cases of 

Salmonella enterica, and fewer than one outbreak of C. perfringens (27 cases), the 

scombroid (1 cases), Staphylococcus aureus (5 cases), Campylobacter jejuni (9 cases), 

and E. coli shiga (6 cases). The average state-year has 8 farmers markets accepting SNAP 

benefits per million people. Its GDP is $285 billion, it has a population of 5.93 million, 

and 27.4% of its population is composed of college graduates. The average state-year has 

1992 restaurants per million of people, its poverty rate is 13.4%, and its SNAP 

redemption value at farmers markets accepting food stamps is $47,623 per million of 

people. In my analysis, all variables, except for poverty rates and college graduation 

rates, are expressed in per capita term, which is shorthand for variables that are expressed 

per million of individuals. Table 1 displays descriptive statistics for the dependent 

variable, (the total reported number of food-borne illness outbreaks and cases, as well as 

the number of reported outbreaks and cases for the top seven illnesses), the treatment 

variable (i.e., the number of farmers markets accepting SNAP benefits), and the control 

variables in the data set used in this paper. 

4.!Empirical Framework 

4.1.! Estimation Strategy 

The outcomes of interest in this study are the total reported number of food-borne illness 

outbreaks and cases per capita, as well as the number of reported outbreaks and cases for 
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the top seven illnesses in per capita terms in each state in each year. The treatment 

variable is the number of farmers markets accepting SNAP benefits per capita in each 

state in each year. The control variables include GDP per capita, college graduation rate, 

poverty rate, the number of restaurants per capita, and SNAP redemption values at 

farmers markets per capita. 

The data for the dependent and independent variables are available for all 50 states 

and the District of Columbia for the years 2004-2013; thus, they form a panel data set. I 

employ a state fixed effects model in my analysis. The basic model for this analysis is: 

   (1) 

where yst is the outcome of interest, (i.e., the total reported number of food-borne illness 

outbreaks and cases per capita, as well as the number of reported outbreaks and cases for 

the top seven illnesses in per capita terms in state s in year t); Dst is the treatment 

variable, i.e., the number of farmers markets accepting SNAP benefits per capita in state s 

in year t; Xist are control variables; States are dummy variables for states; and Yeart are 

dummy variables for years.  

The parameter of interest is δ because it describes the relationship between farmers 

markets accepting SNAP benefits and food-borne illness. The parameter βs captures state 

fixed effects, which control for all time-invariant factors within each states; the parameter 

γj captures year fixed effects, which control for all the state-invariant factors within each 

year. The error term is ε with mean zero. 

The overall objective of my study is to estimate δ, which would measure the 

potentially causal relationship between farmers markets accepting SNAP benefits per 

capita in a state-year and food-borne illness in that state-year, if D were randomly 
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assigned. To determine the significance of the aforementioned relationship, I test the null 

hypothesis H0: δ = 0 against the alternative hypothesis Ha: δ ≠ 0. 

To check the robustness of my analysis, I also estimate other specifications, such as 

region-year fixed effects, by controlling for spillovers from farmers markets in 

neighboring states, by controlling for region-spillover interactions, and with observations 

weighted by population, as recommended by Angrist and Pischke (2014). 

4.2.! Identification Strategy 

The proposed estimation strategy does a good job of controlling for three sources of 

statistical endogeneity: viz. (i) reverse causality, (ii) measurement error, and (iii) 

unobserved heterogeneity.  

The first issue is reverse causality, specifically, whether an increase in food-borne 

outbreaks or cases will cause more or fewer farmers markets to accept SNAP benefits. 

There is virtually no literature on this causal relationship. The FNS’s motivation for 

authorizing farmers markets to accept SNAP benefits is to increase access to fresh 

produce for low-income individuals. The FNS does not identify the possibility of food-

borne outbreaks or cases as a consideration. In addition, farmers markets’ decision to 

accept SNAP benefits stems from the potential increase in revenues and is similarly 

unrelated to the possibility of food-borne outbreaks in their areas. Reverse causality, 

therefore, is unlikely to be the case in this analysis. 

The main measurement error problem lies in yst. Food-borne illness is underreported 

because the conditions for a case or an outbreak to be reported are strict. According to 

Hedberg et al. (1994), there are several steps that must be undertaken for a food-borne 

illness case or outbreak to be recognized and reported by the CDC. An infected 
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individual must get medical care, at which point, a clinician must obtain the patient's 

stool sample (or other necessary specimens) for microbial analysis. After a clinical 

laboratory evaluates the sample for the likely causative agent, the results must be reported 

to local or state health department in a timely manner. Finally, public health officials 

must investigate and confirm the occurrence of the illness before the CDC can report the 

case or outbreak. "A break at any step in this process will likely result in a failure to 

recognize the occurrence of food-borne illness" (Hedberg et al. 1994). Due to the tedious 

multi-step process, the number of food-borne illness cases and outbreaks are usually 

underreported. This issue is confirmed in Hoffman et al. (2015): “[m]ost of [food-borne] 

illnesses are not reported to health authorities, and even when illnesses are reported, the 

cause is often not identified.” 

Let δaccurate be the true marginal impact of the treatment variable on the outcome 

variable when the outcome variable is measured accurately, and δunderreported be the 

marginal impact when the outcome variable is underreported. If yst had been accurately 

reported, the marginal impact of the treatment variable would be higher than the one in 

the presence of underreporting. In other words, |δaccurate| is greater than |δunderreported|. 

Therefore, if δunderreported is found to be significantly different from 0, the true marginal 

impact of Dst on yst (δaccurate) will be even bigger. 

The treatment variable is unlikely to suffer measurement errors. The USDA reports 

the number of farmers markets accepting SNAP benefits by state and year. In order to 

encourage low-income individuals to purchase fresh produce at farmers markets, the 

department regularly updates its Farmers Markets Directory to notify the public of new 

farmers markets accepting SNAP benefits. If there were any errors in these data, it would 
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have been detected either by the public or by the department through routine updates and 

maintenance activities. Therefore, the number of farmers markets accepting SNAP is 

unlikely to be misreported.   

States can differ in many aspects, such as how good they are at measuring and 

reporting food-borne illness, weather conditions, and so on. The inclusion of state fixed 

effects in the proposed model controls for such unobserved, time-invariant differences 

across states. Each year, there might be events that influence food-borne outbreaks or 

cases across all states (i.e. a nation-wide food-borne outbreak). The inclusion of year 

fixed effects controls for unobserved state-invariant heterogeneity over time. 

The estimates can also be biased due to a potential violation of the stable unit 

treatment value assumption (SUTVA; cf. Pearl, 2009). If SUTVA holds in this case, then 

the number of farmers markets accepting SNAP benefits in one state-year would not 

influence the number of food-borne illness outbreaks or cases in another state-year. To 

partially control for such potential violation, I estimate two additional specifications that 

(i) control for the number of farmers markets accepting food stamps in neighboring 

states, and (ii) control for the number of farmers markets accepting food stamps in 

neighboring states interacted with the region in the country in which the state is located. 

These two specifications control for within-year spillovers and within-year spillovers that 

are specific to regions of the country, respectively.  

Last but not least, I cluster standard errors at the state level, as recommended by 

Bertrand et al. (2004), Angrist and Pischke (2009, 2014) and Cameron and Miller (2015), 

to make the findings robust to general forms of heterokedasticity and autocorrelation. In 

addition, I bootstrap standard errors for specifications that include imputed values. 
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Falsification and placebo tests are also conducted to ensure that the results are not 

spurious.  

5.!Estimation Results and Discussion 

Section 5.1 presents the estimation results for the ordinary least squares (OLS) 

regressions of the total reported number of food-borne illness outbreaks and cases. I 

discuss the estimation results for the OLS regressions of reported outbreaks and cases for 

the top seven illnesses in section 5.2. Section 5.3 presents the estimation results for the 

OLS regressions of the reported C. perfringens outbreaks. I discuss the estimation results 

for the OLS regressions of the reported staphylococcus aureus outbreaks and Salmonella 

enterica outbreaks in section 5.4. Section 5.5 presents the limitations of my findings. 

5.1.! OLS Regressions of the Total Reported Number of Food-Borne 

Illness Outbreaks and Cases 

Since the data on multistate outbreaks and SNAP redemption value at farmers markets 

accepting food stamps are only available for 2009-2013, I estimate equation 1 for the 

restricted sample (2009-2013), and for the full sample (2004-2013). The restricted sample 

includes observations for 49 states and the District of Columbia for the years 2009-2013. 

The full sample includes observations for 50 states and the District of Columbia for the 

period 2004-2013. To include all the observations in my estimations, I employ three 

methods: viz. (i) using a dummy variable to indicate the observations that have SNAP 

redemption value at farmers markets accepting food stamps (redemption dummy 

method), (ii) imputing the missing values for the observations that do not have SNAP 

redemption value at farmers markets accepting food stamps (redemption imputation 
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method), (iii) and excluding SNAP redemption value at farmers markets from the control 

variables (exclusion of SNAP redemption value method). 

Table 2 presents the estimation results for the OLS regressions of the total reported 

food-borne outbreaks. Table 3 shows the estimation results for the OLS regressions of the 

total reported cases of food-borne illness. Column 1 of tables 2 and 3 presents the 

estimation results for the restricted sample. Columns 2, 3, and 4 of these tables show the 

estimation results for the full sample using the redemption dummy method, the 

redemption imputation method, and the exclusion of SNAP redemption value method, 

respectively. These estimation results show that there is no relationship between the 

number of farmers markets accepting food stamps per capita and the number of reported 

outbreaks of food-borne illness and cases of food-borne illness per capita. 

5.2.! OLS Regressions of the Reported Outbreaks and Cases for the 

Top Seven Illnesses  

Table 4 presents the estimation results for the OLS regressions of reported food-borne 

outbreaks in the top seven illnesses, in which SNAP redemption value is included as a 

control variable. There is a negative and statistically significant relationship between the 

number of farmers markets accepting food stamps per capita and the number of reported 

C. perfringens outbreaks per capita for the period 2009-2013. This relationship will be 

discussed in depth in section 5.3. The remaining six types of food-borne outbreaks (i.e. 

norovirus, the scombroid toxin, staphylococcus aureus, Campylobacter jejuni, 

Salmonella enterica, and E. coli shiga) are found to not have any relationship with the 

number of farmers markets accepting food stamps per capita for the period 2009-2013. 
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Table 5 shows the estimation results for the OLS regressions of reported food-borne 

outbreaks in the top seven illnesses, in which SNAP redemption value is not included as a 

control variable. I find positive and statistically significant relationships between the 

number of farmers markets accepting food stamps per capita and the number of reported 

staphylococcus aureus outbreaks per capita, as well as the number of reported Salmonella 

enterica outbreaks per capita for the period 2004-2013. These relationships will be 

discussed in depth in section 5.4. The remaining five types of food-borne outbreaks (i.e. 

C. perfringens, norovirus, the scombroid toxin, Campylobacter jejuni, and E. coli shiga) 

are found to not have any relationship with the number of farmers markets accepting food 

stamps per capita for the period 2004-2013. 

Tables 6 and 7 show the estimation results for the OLS regressions of reported 

number of cases of food-borne illness in the top seven illnesses, with and without SNAP 

redemption value as a control variable, respectively. There is no relationship between the 

number of farmers markets accepting food stamps and the reported number of cases of 

food-borne illness in the top seven illnesses. 

5.3.! OLS Regressions of the Reported C. perfringens Outbreaks 

Sub-section 5.3.1 discusses the estimation results for the restricted sample. Sub-section 

5.3.2 presents the estimation results for the full sample. In sub-section 5.3.3, I discuss the 

estimation results for the falsification and placebo tests. 

5.3.1.! Restricted Sample 

The restricted sample includes observations for 49 states and the District of Columbia 

(Wyoming is excluded from the analysis because SNAP redemption value for Wyoming 

is not publicly available) for the years 2009-2013. Table 8 presents the estimation results 
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for equation 1 (with the number of reported C. perfringens outbreaks as the outcome of 

interest) for the restricted sample. The relationship between the number of farmers 

markets accepting SNAP benefits per capita and the number of reported C. perfringens 

outbreaks in the average state-year for the period 2009-2013 are negative and statistically 

significant when controlling for state and year fixed effects (column 1). On average, 1000 

more farmers markets accepting food stamps per capita in the average state-year are 

associated with 3 fewer reported C. perfringens outbreaks over the period 2009-2013. 

The relationship between the number of farmers markets accepting food stamps and 

the number of reported C. perfringens outbreaks is robust to specifications that control 

for spillovers from SNAP-accepting farmers markets in neighboring states (column 2 of 

table 8), for region-spillover interactions (column 3 of table 8), as well as to weighting by 

population (column 5 of table 8). The magnitudes of the relationship estimated from these 

three specifications are similar in sign and size than that when only controlling for state 

and year fixed effects. The relationship is, however, not robust to specification that 

controls for region-year fixed effects (column 4 of table 8). 

Hillers et al. (2003) find that most of C. perfringens outbreaks are associated with 

undercooked meat products such as stews, casseroles, and gravy. C. perfringens bacteria 

will grow in these types of food if they are kept between 70 to 140 Fahrenheit degrees. 

To avoid infection by C. perfringens, meat products should be cooked thoroughly, 

maintained at a temperature higher than 140 Fahrenheit degrees, and reheated to at least 

165 Fahrenheit degrees before consumption. Considering how C. perfringens can cause 

food-borne illness, the negative relationship between the number of farmers markets 

accepting SNAP benefits per capita and the number of reported C. perfringens outbreaks 
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per capita makes sense since farmers markets accepting food stamps mostly sell fresh 

produce, meat, poultry and dairy products.    

5.3.2.! Full Sample 

The full sample includes observations for 50 states and the District of Columbia for the 

period 2004-2013. To include all the observations in my estimations, I employ three 

methods: viz. (i) using a dummy variable to indicate the observations that have SNAP 

redemption value at farmers markets accepting food stamps, (ii) imputing the missing 

values for the observations that do not have SNAP redemption value at farmers markets 

accepting food stamps, (iii) and excluding SNAP redemption value at farmers markets 

from the control variables. Column 1 of table 9 presents the results for the first method, 

column 2 presents the results for the second method, and column 3 shows the results for 

the third method. The relationship between the number of farmers markets accepting food 

stamps and the number of reported C. perfringens outbreaks disappears when using the 

full data set.  

5.3.3.! Falsification and Placebo Tests 

Since only the results for the restricted sample are statistically significant, the 

falsification and placebo tests are done for the restricted sample only. The falsification 

and placebo tests check whether a fake treatment that varies over time (in this case, the 

number of bankruptcies in each state) has significant relationships with the outcome and 

treatment variables. If the fake treatment has a significant relationship with either the 

outcome variable or the treatment variable, or both, then the relationship between the 

outcome and the treatment variable is invalidated.  
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Table 10 presents the results of the falsification and placebo tests for the restricted 

sample. I conduct a falsification test by regressing the number of bankruptcies per capita 

in each state-year on the RHS variables in equation 1. The result of this test is displayed 

in column 1 of table 10. Column 2 of table 10 shows the result of the placebo test, which 

regresses the number of reported C. perfringens outbreaks on the number of bankruptcies 

per capita, poverty rate, SNAP redemption value at farmers markets accepting food 

stamps per capita, GDP per capita, college graduation rate, and the number of restaurants 

per capita. The falsification test shows that the relationship between the number of 

SNAP-accepting farmers markets per capita and the number of bankruptcies per capita is 

not statistically significant. Unfortunately, the placebo test shows that the relationship 

between the number of bankruptcies per capita and the number of reported C. perfringens 

outbreaks per capita is statistically significant. This implies that the results for the 

restricted sample are likely to be spurious. 

5.4.! OLS Regressions of the Reported staphylococcus aureus 

Outbreaks and Salmonella enterica Outbreaks 

Sub-section 5.4.1 discusses the estimation results for the OLS regressions of the reported 

staphylococcus aureus outbreaks. Sub-section 5.4.2 presents the estimation results for the 

OLS regressions of the reported Salmonella enterica outbreaks. In sub-section 5.4.3, I 

discuss the estimation results for the falsification and placebo tests. 

5.4.1.! OLS Regressions of the Reported staphylococcus aureus Outbreaks 

When SNAP redemption value is not included as a control variable, I find a positive and 

statistically significant relationship between the number of farmers markets accepting 

food stamps per capita and the number of reported staphylococcus aureus outbreaks per 
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capita for the period 2004-2013. Colum 1 of Table 11 presents the estimation results for 

this relationship, when controlling for state and year fixed effects. On average, 1000 more 

farmers markets accepting food stamps per capita in the average state-year are associated 

with 1 more reported staphylococcus aureus outbreaks over the period 2004-2013. The 

relationship between the number of farmers markets accepting food stamps per capita and 

the number of reported staphylococcus aureus outbreaks per capita is not robust to 

specifications that control for spillovers from SNAP-accepting farmers markets in 

neighboring states (column 2 of table 11), for region-spillover interactions (column 3 of 

table 11), for region-year fixed effects (column 4 of table 11), as well as to weighting by 

population (column 5 of table 11).  

5.4.2.! OLS Regressions of the Reported Salmonella enterica Outbreaks 

When SNAP redemption value is not included as a control variable, I find a positive and 

statistically significant relationship between the number of farmers markets accepting 

food stamps per capita and the number of reported Salmonella enterica outbreaks per 

capita for the period 2004-2013. Colum 1 of Table 12 presents the estimation results for 

this relationship, when controlling for state and year fixed effects. On average, 1000 more 

farmers markets accepting food stamps per capita in the average state-year are associated 

with 6 more reported Salmonella enterica outbreaks over the period 2004-2013. The 

relationship between the number of farmers markets accepting food stamps per capita and 

the number of reported Salmonella enterica outbreaks per capita is robust to weighting by 

population (column 5 of table 12), but not robust to specifications that control for 

spillovers from SNAP-accepting farmers markets in neighboring states (column 2 of table 
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12), for region-spillover interactions (column 3 of table 12), and for region-year fixed 

effects (column 4 of table 12). 

5.4.3.! Falsification and Placebo Tests 

Table 13 presents the results of the falsification and placebo tests for the relationships 

between the number of farmers markets accepting food stamps per capita and the number 

of reported staphylococcus aureus outbreaks per capita, as well as the number of reported 

Salmonella enterica outbreaks per capita. The result of the falsification test is displayed 

in column 1 of table 13. Column 2 shows the results of the placebo test for the reported 

staphylococcus aureus outbreaks, while column 3 shows the results of the placebo test for 

the number of reported Salmonella enterica outbreaks. The falsification test shows that 

the relationship between the number of SNAP-accepting farmers markets per capita and 

the number of bankruptcies per capita is statistically significant. This implies that the 

relationships between the number of farmers markets accepting food stamps per capita 

and the number of reported staphylococcus aureus outbreaks per capita, as well as the 

number of reported Salmonella enterica outbreaks per capita are likely to be spurious. 

5.5.! Limitations 

The main limitation of my analysis is that the data used in this analysis does not permit 

the study of the causal mechanism through which farmers markets accepting SNAP 

benefits affecting the number of food-borne outbreaks. CDC’s FOOD does not report the 

location of consumption of the food that causes the outbreaks for every outbreak. For 

those outbreaks that CDC’s FOOD reports the location of consumption of the 

contaminated food, the raw materials could be purchased anywhere before being 

processed at the venue. Therefore, it is impossible to identify the point of purchase that is 
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linked to an outbreak using this data set. As a result, readers should not interpret the 

relationships between the number of farmers markets accepting SNAP benefits per capita 

and the number of reported C. perfringens outbreaks per capita, the number of reported 

staphylococcus aureus outbreaks per capita, as well as the number of reported Salmonella 

enterica outbreaks per capita, as causality. 

Another limitation is that the data on SNAP redemption value is not available prior to 

2009. As a result, I estimate equation 1 for the restricted sample (2009-2013) and for the 

full sample (2004-2013) separately. To include all the observations in my estimations, I 

employ three methods: viz. (i) using a dummy variable to indicate the observations that 

have SNAP redemption value at farmers markets accepting food stamps, (ii) imputing the 

missing values for the observations that do not have SNAP redemption value at farmers 

markets accepting food stamps, (iii) and excluding SNAP redemption value at farmers 

markets from the control variables. The negative relationship between the number of 

farmers markets accepting SNAP benefits per capita and the number of reported C. 

perfringens outbreaks per capita is found statistically significant in the restricted sample 

and for certain specifications only. It is even more interesting that for any specification in 

which this relationship is statistically significant, the coefficient for SNAP redemption 

value at farmers markets is statistically significant as well (Table 8). Since SNAP 

redemption value at farmers markets is a demand-side variable (i.e., it measures the dollar 

amount that SNAP participants redeem at farmers markets), the fact that its relationship 

with farmers markets accepting food stamps is significant, whenever the relationship 

between SNAP-accepting farmers markets and the reported C. perfringens outbreaks is 

significant, suggests that there might be a demand-side story to C. perfringens outbreaks. 
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In other words, the characteristics of SNAP participants shopping at farmers markets 

might play a role in the outcome. 

6.!Conclusion 

I examine the relationship between farmers markets accepting SNAP benefits and food-

borne illness outbreaks and cases using the data set that covers 50 states and the District 

of Columbia for the period 2004-2013. When including SNAP redemption value at 

farmers markets as a control variable, I find a negative and statistically significant 

relationship between the number of farmers markets accepting food stamps per capita and 

the number of reported C. perfringens outbreaks per capita for the period 2009-2013. The 

relationship is robust to specifications that control for spillovers from SNAP-accepting 

farmers markets in neighboring states, for region-spillover interactions, as well as to 

weighting by population. The placebo test using the restricted sample shows that this 

relationship is likely to be spurious. Unfortunately, the relationship disappears when 

using the full sample. 

When excluding SNAP redemption value at farmers markets from the control 

variables, I find a positive and statistically significant relationship between the number of 

farmers markets accepting food stamps per capita and the number of reported 

staphylococcus aureus outbreaks. This relationship is not robust to other specifications. I 

also find a positive and statistically significant relationship between the number of 

farmers markets accepting food stamps per capita and the number of reported Salmonella 

enterica outbreaks. This relationship is robust to weighting by population, but not robust 

to the remaining specifications. The falsification tests for these two relationships show 

that they are likely to be spurious. 
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With and without SNAP redemption value at farmers markets as a control variable, I 

find no relationship between the number of farmers markets accepting food stamps per 

capita and the number of reported outbreaks of food-borne illness and cases of food-

borne illness per capita. When including SNAP redemption value at farmers markets as a 

control variable, six types of outbreaks (i.e. norovirus, the scombroid toxin, 

staphylococcus aureus, Campylobacter jejuni, Salmonella enterica, and E. coli shiga) 

and all seven types of food-borne illness cases are found to not have any relationship with 

the number of farmers markets accepting food stamps per capita. When excluding SNAP 

redemption value at farmers markets from the control variables, five types of outbreaks 

(i.e. C. perfringens, norovirus, the scombroid toxin, Campylobacter jejuni, and E. coli 

shiga) and all seven types of food-borne illness cases are found to not have any 

relationship with the number of farmers markets accepting food stamps per capita.  

As discussed above, I cannot study the precise mechanism through which farmers 

markets accepting SNAP benefits can affect the number of outbreaks due to the nature of 

the data set I use in this analysis. Future researchers can attempt to study such 

relationship by collecting original data. In addition, missing values of multistate 

outbreaks and SNAP redemption value also present difficulty in study the relationship 

between farmers markets accepting SNAP benefits and food-borne illness. Therefore, 

future research in this area can focus on obtaining data on multistate outbreaks and SNAP 

redemption value for post 2009 so that missing values will not be an issue in the analysis. 

This paper contributes to the literature at the intersection of farmers markets and 

food-borne illness by presenting the empirical evidences on the relationships, or lack 

thereof, between food-borne illness cases/outbreaks (in total and for each type in the top 
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seven illnesses) and farmers markets accepting food stamps. It is similar to Bellemare, 

King and Nguyen (2016) in that both papers examine the same outcome (i.e., food-borne 

illness outbreaks and cases, in total and for each type in the top seven illnesses). While 

Bellemare, King and Nguyen (2016) use farmers markets as the treatment variable, I use 

farmers markets accepting food stamps as the treatment variable because farmers markets 

accepting food stamps have different characteristics from those not accepting food 

stamps (e.g., SNAP recipients tend to have lower income, lower level of education, etc., 

SNAP-accepting farmers markets are subjected to additional requirements by the FNS). 

Even though Bellemare, King, and Nguyen (2016) find a positive and statistically 

significant relationship between farmers markets and reported food-borne illness 

outbreaks and cases, I find no relationship between the number of farmers markets 

accepting food stamps and the number of reported outbreaks and cases of food-borne 

illness. These results imply that the relationship found by Bellemare, King, and Nguyen 

(2016) is driven by farmers markets that do not accept food stamps. Researchers 

interested in studying the relationship between farmers markets and food-borne illness 

can consider using farmers markets that do not accept food stamps as the treatment 

variable. 
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Table 1. Descriptive Statistics for 50 States and the District of Columbia for the period 2004-
2013 (n=510) 
Variable Mean (Std. Dev.) 

Number of Outbreaks 20.682 (26.357) 
C.Perfringens Outbreaks 0.665 (1.172) 
Norovirus Outbreaks 6.290 (10.263) 
Scombroid Outbreaks 0.341 (1.042) 
Staphylococcus Aureus Outbreaks 0.329 (1.061) 
Campylobacter Jejuni Outbreaks 0.357 (0.743) 
Salmonella Enterica Outbreaks 3.692 (3.779) 
E.Coli Shiga Outbreaks 0.927 (1.420) 

   
Number of Cases 359.841 (490.738) 
C.Perfringens Cases 26.776 (75.183) 
Norovirus Cases 155.655 (255.105) 
Scombroid Cases 1.196 (4.020) 
Staphylococcus Aureus Cases 5.453 (18.462) 
Campylobacter Jejuni Cases 8.906 (75.713) 
Salmonella Enterica Cases 50.916 (89.615) 
E.Coli Shiga Cases 6.280 (19.897) 

   
Number of Farmers Markets Accepting SNAP Benefits 30.690 (49.321) 
GDP (Millions of Dollars) 285,073.847 (348,096.209) 
Poverty Rate 13.353 (3.165) 
College Graduation Rate 27.396 (5.534) 
SNAP Redemption Value at Farmers Markets (Dollars) 264,452.866 (522,990.556) 
Number of Restaurants 11,192.067 (12,394.849) 
Number of Bankruptcies 25,357.300 (30,970.400) 
Population (Millions of Individuals) 5.931 (6.628) 
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Table 2. Estimation Results for the OLS Regressions of the Total Reported Food-Borne Outbreaks 
Variables (1) (2) (3) (4) 

Dependent Variable: Total Reported Outbreaks of Food-Borne Illness per Million 
Farmers Markets Accepting SNAP 
Benefits Per Million 

0.011 -0.006 -0.010 -0.038 
(0.020) (0.036) (0.048) (0.050) 

Poverty Rate 1.280 3.666 4.376 -5.521 

 (41.954) (33.670) (41.042) (36.812) 
GDP Per Million 213.708* 31.468 32.353 40.041 

 (106.690) (46.083) (80.511) (50.580) 
College Graduation Rate -79.955*** -2.073 -2.136 -6.525 

 (21.736) (37.974) (45.944) (39.009) 
Restaurants Per Million -0.001 -0.006* -0.006 -0.005 

 (0.005) (0.003) (0.005) (0.004) 
SNAP Redemption Value at Farmers 
Markets Per Million 

0.000    
(0.000)    

SNAP Redemption Value Interacted 
with Redemption Dummy 

 -0.000***   
 (0.000)   

Redemption Dummy  0.200   
  (0.978)   
Linear Prediction of SNAP 
Redemption Value   -0.000*  

   (0.000)  
Constant 17.428 14.820 14.581 14.401 

 (11.119) (13.597) (22.836) (14.367) 

     
Observations 231 510 510 510 
R-squared 0.078 0.076 0.068 0.029 
State Fixed Effects Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes 
Number of state 50 51 51 51 
Robust standard errors in parentheses 

    *** p<0.01, ** p<0.05, * p<0.1 
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Table 3. Estimation Results for the OLS Regressions of the Total Reported Cases of Food-Borne 
Illness 
Variables (1) (2) (3) (4) 

Dependent Variable: Total Reported Cases of Food-Borne Illness per Million 
Farmers Markets Accepting SNAP 
Benefits Per Million 

-0.297 -1.350 -1.521 -1.801 
(0.479) (1.370) (2.221) (1.624) 

Poverty Rate -538.628 424.102 417.251 318.295 

 (874.963) (986.122) (1,035.565) (979.059) 
GDP Per Million 2,119.136 -1,467.062 -1,077.105 -1,000.232 

 (1,934.531) (1,098.785) (1,688.313) (1,192.428) 
College Graduation Rate -1,375.084* 307.051 267.452 223.573 

 (722.214) (1,154.267) (1,105.404) (1,121.183) 
Restaurants Per Million 0.044 -0.112 -0.127 -0.117 

 (0.098) (0.088) (0.097) (0.085) 
SNAP Redemption Value at Farmers 
Markets Per Million 

0.000*    
(0.000)    

SNAP Redemption Value Interacted 
with Redemption Dummy 

 -0.000   
 (0.000)   

Redemption Dummy  -32.147   
  (23.190)   
Linear Prediction of SNAP 
Redemption Value   -0.000  

   (0.000)  
Constant 307.478 250.406 276.516 274.717 

 (255.006) (416.375) (440.881) (421.507) 

     
Observations 231 510 510 510 
R-squared 0.040 0.073 0.068 0.064 
State Fixed Effects Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes 
Number of state 50 51 51 51 
Robust standard errors in parentheses 

    *** p<0.01, ** p<0.05, * p<0.1 
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Table 4. Estimation Results for the OLS Regressions of Reported Food-Borne Outbreaks in the Top Seven Illnesses for the Period 2009-
2013 
  (1) (2) (3) (4) (5) (6) (7) 

Variables C.Perfringens  Norovirus  Scombroid  
Staphylococcus 

Aureus  
Campylobacter 

Jejuni  
Salmonella 

Enterica  
E.Coli 
Shiga  

Farmers Markets Accepting 
SNAP Benefits Per Million 

-0.003* 0.006 -0.001 0.001 0.001 0.010 -0.014 
(0.002) (0.006) (0.001) (0.001) (0.002) (0.017) (0.012) 

Poverty Rate -4.885 9.346 -2.018 -0.593 1.766 21.495 15.536 

 (6.087) (15.392) (2.446) (2.272) (5.435) (21.580) (12.388) 
SNAP Redemption Value at 
Farmers Markets Per Million 

0.000* -0.000 0.000** 0.000* -0.000 -0.000 -0.000 
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

GDP Per Million -26.566 27.551 4.911 8.946 0.090 140.932** 26.825 

 (23.837) (42.194) (6.054) (5.756) (17.489) (69.966) (32.832) 
College Graduation Rate -4.938 -19.977 -0.062 0.689 -5.299 -44.417*** 7.949 

 (6.561) (14.123) (4.147) (1.700) (6.304) (15.849) (14.601) 
Restaurants Per Million 0.001* 0.001 -0.000 -0.001*** -0.000 -0.004 -0.001 

 (0.000) (0.002) (0.001) (0.000) (0.001) (0.003) (0.001) 
Constant 1.852 0.591 0.817 0.750 2.209 11.549* -1.965 

 (2.964) (4.369) (0.649) (0.624) (2.274) (6.029) (4.236) 

        
Observations 231 231 231 231 231 231 231 
R-squared 0.034 0.063 0.082 0.171 0.032 0.079 0.148 
State Fixed Effects Yes Yes Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes 
Number of state 50 50 50 50 50 50 50 
Robust standard errors in parentheses 

    *** p<0.01, ** p<0.05, * p<0.1 
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Table 5. Estimation Results for the OLS Regressions of Reported Food-Borne Outbreaks in the Top Seven Illnesses for the 
Period 2004-2013 
  (1) (2) (3) (4) (5) (6) (7) 

Variables C.Perfringens  Norovirus  Scombroid  
Staphylococcus 

Aureus  
Campylobacter 

Jejuni  
Salmonella 

Enterica  
E.Coli 
Shiga  

Farmers Markets Accepting SNAP 
Benefits Per Million 

-0.001 -0.014 -0.000 0.001* 0.006 0.006** 0.002 
(0.002) (0.015) (0.001) (0.001) (0.004) (0.002) (0.001) 

Poverty Rate -3.421 -14.731 6.885 2.213 -0.617 -1.849 5.080 

 (4.677) (18.985) (5.707) (2.575) (4.769) (8.028) (4.518) 
GDP Per Million 5.776 -56.124* 6.477 7.035* -17.503 20.821 -6.780 

 (7.434) (32.728) (7.040) (3.642) (16.563) (17.012) (4.779) 
College Graduation Rate -3.668 3.390 -6.462 -3.003 2.037 -6.869 2.612 

 (2.743) (15.413) (6.583) (3.553) (2.490) (7.397) (3.334) 
Restaurants Per Million -0.000 -0.004 0.001 0.000 0.001 -0.001 -0.000 

 (0.000) (0.003) (0.001) (0.000) (0.001) (0.001) (0.000) 
Constant 1.972 12.215 -0.775 0.045 -1.378 3.177 -0.560 

 (1.297) (7.460) (0.804) (0.313) (1.094) (2.444) (1.616) 

        
Observations 510 510 510 510 510 510 510 
R-squared 0.025 0.135 0.054 0.090 0.064 0.294 0.166 
State Fixed Effects Yes Yes Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes 
Number of state 51 51 51 51 51 51 51 
Robust standard errors in parentheses 

       *** p<0.01, ** p<0.05, * p<0.1 
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Table 6. Estimation Results for the OLS Regressions of Reported Cases of Food-Borne Illness in the Top Seven Illnesses for the Period 
2009-2013 
  (1) (2) (3) (4) (5) (6) (7) 

Variables C.Perfringens  Norovirus  Scombroid  
Staphylococcus 

Aureus  
Campylobacter 

Jejuni  
Salmonella 

Enterica  
E.Coli 
Shiga  

Farmers Markets Accepting 
SNAP Benefits Per Million 

-0.078 0.057 -0.004 0.046 -0.007 -0.172 -0.010 
(0.067) (0.144) (0.004) (0.119) (0.018) (0.326) (0.027) 

Poverty Rate -279.714 371.354 -5.654 -116.338 20.401 474.939 118.257 

 (336.135) (400.759) (9.121) (167.364) (53.128) (390.695) (80.985) 
SNAP Redemption Value at 
Farmers Markets Per Million 

0.000* -0.000*** -0.000 0.000** -0.000 -0.000 0.000 
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

GDP Per Million 526.109 -435.863 -21.476 493.696 45.081 448.787 317.524 

 (766.522) (843.714) (34.462) (433.328) (147.715) (963.061) (208.276) 
College Graduation Rate -409.549 -217.156 12.188 9.615 -38.978 -409.424 41.370 

 (359.002) (386.242) (22.790) (87.506) (86.458) (438.522) (43.194) 
Restaurants Per Million 0.045* 0.001 -0.001 -0.036** -0.009 0.052 -0.013* 

 (0.026) (0.059) (0.003) (0.015) (0.010) (0.039) (0.007) 
Constant 39.338 42.838 0.995 59.268 24.389 -61.880 -15.777 

 (85.326) (117.760) (2.479) (37.865) (25.194) (150.223) (16.876) 

        
Observations 231 231 231 231 231 231 231 
R-squared 0.062 0.072 0.027 0.448 0.013 0.028 0.080 
State Fixed Effects Yes Yes Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes 
Number of state 50 50 50 50 50 50 50 
Standard errors clustered at the state level 

 *** p<0.01, ** p<0.05, * p<0.1 
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Table 7. Estimation Results for the OLS Regressions of Reported Cases of Food-Borne Illness in the Top Seven Illnesses for the 
Period 2004-2013 
  (1) (2) (3) (4) (5) (6) (7) 

Variables C.Perfringens  Norovirus  Scombroid  
Staphylococcus 

Aureus  
Campylobacter 

Jejuni  
Salmonella 

Enterica  
E.Coli 
Shiga  

Farmers Markets Accepting 
SNAP Benefits Per Million 

-0.125 -0.573 -0.002 0.096 0.025 0.030 0.002 
(0.170) (0.522) (0.006) (0.094) (0.046) (0.061) (0.011) 

Poverty Rate -250.319 -220.038 18.578 35.555 35.678 390.068 93.717 

 (243.629) (592.911) (13.823) (60.129) (88.859) (257.264) (58.194) 
GDP Per Million 288.095 -1,849.067** 19.118 90.300 170.845 24.475 -22.355 

 (341.657) (824.653) (18.040) (65.769) (351.158) (212.944) (110.715) 
College Graduation Rate -146.106 270.167 -19.163 -58.419 -2.649 -208.080 41.851** 

 (101.976) (569.751) (16.758) (58.111) (32.527) (244.232) (16.806) 
Restaurants Per Million -0.009 -0.085 0.002 -0.002 0.002 0.022 0.001 

 (0.020) (0.068) (0.002) (0.003) (0.008) (0.020) (0.003) 
Constant 85.308 251.899 -1.531 13.500 -13.599 -23.517 -23.632** 

 (54.384) (206.029) (2.024) (11.244) (20.001) (59.487) (11.371) 

        
Observations 510 510 510 510 510 510 510 
R-squared 0.025 0.122 0.042 0.044 0.025 0.059 0.038 
State Fixed Effects Yes Yes Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes 
Number of state 51 51 51 51 51 51 51 
Robust standard errors in parentheses 

      *** p<0.01, ** p<0.05, * p<0.1 
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Table 8. Estimation Results for the OLS Regressions of C.Perfringens Outbreaks per Million for the Period 2009-2013 

Variables (1) (2) (3) (4) (5) 
Dependent Variable: C.Perfringens Outbreaks per Million 

Farmers Markets Accepting SNAP Benefits 
Per Million 

-0.003* -0.003** -0.004** -0.003 -0.004* 
(0.002) (0.002) (0.002) (0.002) (0.002) 

Farmers Markets Accepting SNAP Benefits 
Per Million in Neighboring States 

 0.000    
 (0.000)    

Poverty Rate -4.885 -4.744 -7.125 -3.887 -2.874 

 (6.087) (6.359) (7.371) (8.089) (2.964) 
SNAP Redemption Value at Farmers Markets 
Per Million 

0.000* 0.000** 0.000* 0.000 0.000** 
(0.000) (0.000) (0.000) (0.000) (0.000) 

GDP Per Million -26.566 -26.212 -19.282 -27.767 -5.958 

 (23.837) (24.688) (27.022) (25.443) (7.845) 
College Graduation Rate -4.938 -5.385 -5.193 0.268 -9.274 

 (6.561) (6.100) (6.092) (6.309) (6.278) 
Restaurants Per Million 0.001* 0.001** 0.000 0.001 0.000 

 (0.000) (0.000) (0.000) (0.001) (0.000) 
Constant 1.852 1.913 2.527 0.778 2.251 

 (2.964) (2.871) (2.955) (2.956) (1.691) 
Observations 231 231 231 231 231 
R-squared 0.034 0.034 0.056 0.248 0.639 
State Fixed Effects Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes 
Region-Spillover Interactions No No Yes No No 
Region-Year Fixed Effects No No No Yes No 
Weighting by Population No No No No Yes 
Number of state 50 50 50 50 50 

Standard errors clustered at the state level 
  *** p<0.01, ** p<0.05, * p<0.1 
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Table 9. Estimation Results for the OLS Regressions of C. Perfringens 
Outbreaks per Million for the Period 2004-2013 
Variables (1) (2) (3) 

Dependent Variable: C. Perfringens Outbreaks per Million 
Farmers Markets Accepting SNAP 
Benefits Per Million 

0.000 -0.000 -0.001 
(0.002) (0.006) (0.002) 

Poverty Rate -3.166 -3.186 -3.421 

 (4.567) (5.058) (4.677) 
SNAP Redemption Value Interacted 
with Redemption Dummy 

-0.000   
(0.000)   

Redemption Dummy -0.018   
 (0.206)   
GDP Per Million 5.286 5.593 5.776 

 (6.580) (7.185) (7.434) 
College Graduation Rate -3.523 -3.564 -3.668 

 (2.783) (2.384) (2.743) 
Restaurants Per Million -0.000 -0.000 -0.000 

 (0.000) (0.000) (0.000) 
Linear Prediction of SNAP 
Redemption Value  -0.000  

  (0.000)  
Constant 1.963 1.976 1.972 

 (1.381) (1.658) (1.297) 
Observations 510 510 510 
R-squared 0.029 0.027 0.025 
State Fixed Effects Yes Yes Yes 
Year Fixed Effects Yes Yes Yes 
Number of state 51 51 51 
Robust standard errors in parentheses 

   *** p<0.01, ** p<0.05, * p<0.1 
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Table 10. Estimation Results for Falsification and Placebo Tests for C.Perfringens Outbreaks per Million for the 
Period 2009-2013 
  (1) (2) 
Variables Bankruptcies per Million C.Perfringens Outbreaks per Million 
Farmers Markets Accepting SNAP 
Benefits Per Million 

-0.628  
(5.022)  

Bankruptcies Per Million  -0.000** 

  (0.000) 
Poverty Rate -29,919.862** -4.740 

 (12,230.508) (5.529) 
SNAP Redemption Value at Farmers 
Markets Per Million 

0.000 0.000 
(0.001) (0.000) 

GDP Per Million -57,864.949** -25.987 

 (28,573.080) (22.795) 
College Graduation Rate 15,663.301 -4.635 

 (10,761.882) (6.590) 
Restaurants Per Million 1.178 0.001* 

 (0.932) (0.000) 
Constant 4,726.815 2.113 

 (3,669.170) (2.921) 

   
Observations 231 231 
R-squared 0.834 0.035 
State Fixed Effects Yes Yes 
Year Fixed Effects Yes Yes 
Number of state 50 50 
Standard error clustered at the state level 

  *** p<0.01, ** p<0.05, * p<0.1 
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Table 11. Estimation Results for the OLS Regressions of Staphylococcus Aureus Outbreaks per 
Million for the Period 2004-2013 
Variables (1) (2) (3) (4) (5) 

Depedent Variable: Staphylococcus Aureus Outbreaks per Million 
Farmers Markets Accepting SNAP 
Benefits Per Million 

0.001* 0.000 0.001 0.001 0.002 
(0.001) (0.001) (0.001) (0.001) (0.001) 

Farmers Markets Per Million, 
Neighboring States 

 0.000    
 (0.000)    

Poverty Rate 2.213 2.259 2.152 2.194 0.364 

 (2.575) (2.620) (2.577) (2.159) (1.212) 
GDP Per Million 7.035* 6.543* 5.897* 8.077* 15.841 

 (3.642) (3.308) (3.040) (4.497) (9.782) 
College Graduation Rate -3.003 -3.037 -3.130 -2.681 -0.153 

 (3.553) (3.568) (3.838) (3.690) (1.393) 
Restaurants Per Million 0.000 0.000 0.000 0.000 -0.000 

 (0.000) (0.000) (0.000) (0.000) (0.000) 
Constant 0.045 0.021 0.002 -0.070 -0.174 

 (0.313) (0.345) (0.401) (0.441) (0.325) 

      
Observations 510 510 510 510 510 
R-squared 0.090 0.095 0.112 0.152 0.427 
State Fixed Effects Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes 
Region-Spillover Interactions No No Yes No No 
Region-Year Fixed Effects No No No Yes No 
Weighting by Population No No No No Yes 
Number of state 51 51 51 51 51 
Robust standard errors in parentheses 

    *** p<0.01, ** p<0.05, * p<0.1 
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Table 12. Estimation Results for the OLS Regressions of Salmonella Enterica Outbreaks per Million for 
the Period 2004-2013 
Variables (1) (2) (3) (4) (5) 

Depedent Variable: Salmonella Enterica Outbreaks per Million 
Farmers Markets Accepting SNAP 
Benefits Per Million 

0.006** 0.005 0.004 -0.002 0.015*** 
(0.002) (0.004) (0.005) (0.004) (0.005) 

Farmers Markets Per Million, 
Neighboring States 

 0.001    
 (0.002)    

Poverty Rate -1.849 -1.751 -1.322 -4.154 -0.267 

 (8.028) (8.141) (8.428) (8.112) (4.495) 
GDP Per Million 20.821 19.770 11.038 21.090 26.240 

 (17.012) (17.580) (16.408) (16.592) (16.485) 
College Graduation Rate -6.869 -6.942 -7.359 -6.282 -0.685 

 (7.397) (7.467) (8.105) (8.365) (4.644) 
Restaurants Per Million -0.001 -0.001 -0.000 -0.000 -0.001*** 

 (0.001) (0.001) (0.001) (0.001) (0.000) 
Constant 3.177 3.126 2.844 2.731 1.668 

 (2.444) (2.446) (2.922) (2.458) (1.567) 

      
Observations 510 510 510 510 510 
R-squared 0.294 0.295 0.310 0.396 0.544 
State Fixed Effects Yes Yes Yes Yes Yes 
Year Fixed Effects Yes Yes Yes Yes Yes 
Region-Spillover Interactions No No Yes No No 
Region-Year Fixed Effects No No No Yes No 
Weighting by Population No No No No Yes 
Number of state 51 51 51 51 51 
Robust standard errors in parentheses 

   *** p<0.01, ** p<0.05, * p<0.1 
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Table 13. Estimation Results for Falsification and Placebo Tests for Staphylococcus Aureus Outbreaks per 
Million and Salmonella Enterica Outbreaks per Million for the Period 2004-2013 
  (1) (2) (3) 

Variables 
Bankruptcies 
Per Million 

Staphylococcus Aureus 
Outbreaks Per Million 

Salmonella Enterica 
Outbreaks Per Million 

Farmers Markets Accepting SNAP 
Benefits Per Million 

-95.598*** 
  (19.226) 
  Bankruptcies Per Million 

 
0.000 0.000 

  
(0.000) (0.000) 

Poverty Rate -76,608.222 2.356 -2.387 

 
(105,389.463) (2.632) (8.249) 

GDP Per Million -336,510.650* 8.439* 21.604 

 
(180,270.107) (4.663) (18.038) 

College Graduation Rate -191,277.645 -1.866 -5.048 

 
(132,777.970) (2.444) (7.148) 

Restaurants Per Million 0.232 0.000 -0.001 

 
(12.490) (0.000) (0.001) 

Constant 87,835.899** -0.376 2.751 

 
(33,111.162) (0.508) (2.439) 

    Observations 510 510 510 
R-squared 0.313 0.111 0.293 
State Fixed Effects Yes Yes Yes 
Year Fixed Effects Yes Yes Yes 
Number of state 51 51 51 
Robust standard errors in parentheses 

   *** p<0.01, ** p<0.05, * p<0.1 
    

 


