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Abstract: Food security is intrinsically related to health and well-being. This paper investigates
the status quo of food insecurity among the population residing close to transit in various parts
of the United States of America (USA). The data from the 2020 National Health Interview Survey
(NHIS) collected by the National Center for Health Statistics (NCHS) of the USA are analyzed in
this research. Logistic regression is carried out by treating food insecurity as the dependent variable
and socioeconomic variables such as age, income, education, and dependency on the Supplemental
Nutrition Assistance Program (SNAP) as independent variables. Food insecurity is assessed with
aggregated information on four aspects of inputs from those respondents who live near a transit:
(1) worry food would run out; (2) food did not last; (3) could not afford to eat balanced meals; and
(4) cut the size of meals or skipped meals. Findings suggest that respondents who live close to public
transit in the USA and are from large central metro counties of the Northeastern, Southern, and
Western states showed an increase in food insecurity if they were under 65 years of age, had income
below the country’s median income, or their educational attainment was below bachelor’s degree.
There was a significant association found in food insecurity of respondents living close to transit and
subscribed to using food stamps or SNAP. Policies that could alleviate food insecurity by reducing
the cost of living near transit are recommended.
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1. Introduction

“Food security” is a basic human need critical to creating a healthy and sustainable
society. Food security meeting the nutritional needs of urban and rural populations has
widespread socioeconomic impacts through the network of food aggregators in a supply
chain context. In this process, transportation plays a vital role by facilitating and upholding
food security through the much-needed circulation of food for the masses. However,
very little is known about how people relocate close to a transportation system to ensure
their food security is met or unmet as they reside close to the transportation facilities. In
addition, the success of food security must be gauged by its ability to feed the last consumer
in the food supply chain, especially those who belong to low-income communities residing
near public transport. This again needs some current understanding of the existing food
insecurity among the residents near transit, requiring further policy discussion and research,
which this paper investigates. Therefore, the objective of this paper is to develop our
understanding of how food security (if at all) is prevalent among people residing near
transit, or, in other words, investigating if living near public transport equates to food
(in)security or vice-versa. We use the data from the United States of America (USA) as an
example to answer this research question.
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Food insecurity has been identified as a public health and environmental issue affecting
many people in the United States [1,2]. Lack of access to adequate food in the US arises
because of poor financial and resource availability [1] since food insecurity is mainly
prevalent in families with low income, are disabled, or belong to minority races [3]. In
2021, there were 13.5 million households in the US that were food insecure, which was
determined by many factors, including household circumstances, the economy, and Federal,
State, and local policies [4]. The chart in Figure 1 shows how food insecurity has been
prevalent over the years in US households from 2001 to 2021.
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Figure 1. Trends in food insecurity in US households, 2001-2021 (Source: USDA, Economic Research
Service using data from US Department of Commerce, Bureau of the Census, and Current Population
Survey Food Security Supplements [5]).

The United Nations has defined food security as when “all people, at all times, have
physical, social, and economic access to sufficient, safe, and nutritious food that meets
their food preferences and dietary needs for an active and healthy life” [6]. The World
Food Programme (WEFP) of the United Nations, focusing on food security and hunger,
points out that in 2022, 879 million people did not have sufficient food consumption across
92 countries worldwide. About half of these were from Asia and the Pacific, with India
having the largest population, predicted to have about 244 million people with insufficient
food consumption [7].

Various studies show that the integration of agriculture and politics combined with
the logistics of food delivery can ensure food security [8]. However, this process cannot be
entirely successful unless an effective public policy with strong implementation measures
exists on food security. In the USA, the Food Stamp Program, now known as the Supple-
mental Nutrition Assistance Program (SNAP), provides nutritional benefits to supplement
the food budget of families in need and enables them to purchase healthy food [9]. The
SNAP aims to help those who meet the requirements with income below certain gross and
net income limits for a given household size. It is expected that the households would
spend about 30 percent of their resources on food. Thus, for a household size of one, the
maximum monthly benefits (known as “allotment”) for 2021-2022 was fixed at USD 250.
The allotment is calculated by multiplying a household’s net monthly income by 0.3 and
subtracting the result from the maximum monthly allotment for the household size. Thus,
the country’s federal government ensures food security for the household.

Transportation plays a critical role in food security and ensuring that every individual
has access to various food production sources and markets. As per the Centers for Disease
Control and Prevention (CDC), “A poor transportation system cuts off access to many
food outlets—especially for those who do not own a car or have no access to reliable
and affordable public transportation”. A strong nexus among the three, namely, the
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farmers (as food producers), retailers, and consumers, who are facilitated by transport,
ensures that an appropriate level of food security is guaranteed for all. Often, it is a
challenge for some to travel to stores to purchase food. Transit or other cheap nonmotorized
transport is a natural choice for low-income households to access food stores. Over the last
few decades, investments in public transport in the US have been steadily increasing to
stimulate ridership and provide an alternate mode of transportation (addressing equity
issues) to low-income communities [10]. Successful investment planning for transit has
also led to decentralizing poverty in the suburbs [11]. However, transit improvements
and development often lead to gentrification and socioeconomic changes over time in
low-income neighborhoods that already reside close to transit. This can severely paralyze
policies meant to uplift low-income households that earn their daily livelihood by continued
use of public transport. A recent study by Liang et al. (2022) showed that a new rail line
increased the number of advanced degree holders in the proximity of the rail line in
the City of Hong Kong [12]. This indicates that rail transit investment induces highly
educated people to move into transit-rich low-income areas, thereby compelling low-
income households to move out and away from being able to access transit to fulfill
daily commuting needs. In another study, for the city of Rosengérd in Malmo in Sweden,
gentrification and displacement of low-income neighborhoods were observed with the
transit-oriented development programs [13]. Similar debates in the media have been on
ensuring affordable housing for low-income groups in cities like Delhi [14].

In developed nations like the USA, dense urban areas where food consumption is
the highest because of the high population, the cost of living (housing) and commuting
for low-income commuters to access food often pose a significant challenge. To minimize
housing costs and prevent the movement of low-income households from transit-rich
locations, various cities in developed nations like the USA have taken steps to provide
affordable housing for low-income families. For example, the densely populated City of
Long Beach in California has seen a surge in several affordable housing projects close to the
A Line transit of the Los Angeles Metro area in the past five years [15]. The A Line transit
serves a large community of low-income households.

The map in Figure 2a shows the percentage of SNAP participants in the year 2020
across the four analyzed regions of the aggregated States (Data source: USDA, 2023 [5]).
Clearly, the subscription to SNAP has been the highest in the Southern states compared to
the others. Subsequently, using the data from the American Community Survey (ACS) [16],
the latest commuting patterns across the four regions were compared to the percentage
of SNAP subscriptions. The percentage distribution of workers commuting by transit
is shown in Figure 2b, which points out the least transit usage by the Southern states.
Therefore, this preliminary analysis showed that, although transit use is minimal in the
Southern States, the reliance on SNAP among the residents living close to transit is high
in these states. This motivates further research surrounding a specific transit line for any
required city or town to be conducted to understand if commuters residing near the transit
use transit and have a significant subscription to SNAP, which could reduce food insecurity
addressed in this paper.
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Figure 2. Percentage distribution of SNAP participants and transit commuters across regions of
the USA.
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Studies have shown that along with welfare benefits and socioeconomic factors, food
security depends on proximity to retail grocery stores and food prices [13,17], and pub-
lic transport is a natural mode for low-income households to access such retail stores.
In another study, Baek (2014) concluded that an extra bus-equivalent vehicle serving
10,000 people decreases the probability of food insecurity by 1.6 percent [18].

Personal vehicles serve as the first mode of choice to access food stores in urban areas
that are deprived of an efficient and reliable public transportation system [19]. Studies to
develop the relationship between the spatial availability of food and the influence of travel
mode and travel time necessary to purchase food have also been well-documented [20].
Prior studies have shown that for the City of Baltimore in the US, residents with a lack of
food stores had a significantly higher travel time compared to those living in communities
that were close to the supermarkets [21]. Findings from other cities in the US, such as San
Diego, showed that the minimum travel time by car to any store was 4.22 min, while it was
15.88 min with transit [20]. All of these examples show that the availability of transit does
not guarantee efficiency in access to food in a developed nation. Thus, this topic of research
is much of interest for investigating if transit helps attenuate food insecurity in the USA.

However, to our knowledge, no research has been conducted to evaluate the as-
sociation between living near transit and food security among Americans. This paper
investigates if those living near transit in the USA are also the ones who are facing food
insecurity and if yes, it would serve as a worthwhile motivation to identify policies that
would minimize food insecurity for a healthy society thriving on transit for daily needs. To
the best of our knowledge, this is the first study conducted on this issue of food security
among the population residing near transit, which can be replicated for other regions of
the world with similar demographics to the USA.

In essence, this paper evaluates the impacts of various factors on food insecurity
among the American population residing near public transport. Factors that are key
socioeconomic variables such as age, income, education level, and dependency on food
stamps in the last twelve months have been studied for food insecurity and measured
across four combined inputs gathered on the following information from the respondents
living near transit if they, in the past, experienced the following: (i) worry food would run
out; (ii) food did not last; (iii) could not afford to eat balanced meals; and (iv) cut the size of
meals or skip meals. The source of this information is further discussed in detail in the next
section. In the next section, we describe the methodology used in this paper to deduce the
above findings on food security for those residing near transit.

2. Materials and Methods
Regression Analysis

In this research, food insecurity is the modeled output variable. Food insecurity, as the
dependent variable, assumes a binary value with a dichotomous output. When its value is
equal to 1, it indicates that food insecurity is 1; when it is equal to 0, it indicates food security.
With this assumption, a logistic regression fits the best as the method to understand how
various socioeconomic explanatory variables impact food insecurity. Research manuscripts
reporting large datasets that are deposited in a publicly available database should specify
where the data have been deposited and provide the relevant accession numbers. If the
accession numbers have not yet been obtained at the time of submission, please state that
they will be provided during review. They must be provided prior to publication.

A brief theoretical background of the logistic regression applicable in statistical model-
ing for dichotomous outputs with X being a vector of explanatory variables is provided
below (source: [22]):

log(lfn) = BX; M



Sustainability 2023, 15, 13936 50f17

where 77 is the probability of an event, and B is the estimated coefficient. The coefficient
estimation is determined using the principle of maximum likelihood technique, with
n observations:

L(BIX) = [[ (1 — m)1 @
i=1

Using natural logarithm on Equation (2) gives a sum for the likelihood function as

n

log {L(BIX))} = L [Yilog -+ (1~ ) log(1 — ) )

Maximizing the log-likelihood equation in Equation (3) by finding the first derivative
and equating it to zero will give the estimation of the coefficients, 8. Various statistical
software packages can be used to carry out logistic regression for the theoretical information
presented above. However, it must be noted that it is necessary to identify the socioeco-
nomic variables as categorical or continuous variables before performing the regression.

Furthermore, we use the odds ratio to quantify the association between food insecurity
and each of the individual variables. The odds ratio in the context of this research is
defined as the ratio of the odds of an independent variable that causes food insecurity to
the odds of the same variable not impacting food insecurity. Mathematically, the odds ratio
is calculated based on information presented in the contingency Table 1, and the formula is

(Odds ratio) = (Xp2/X21)/ (X12/X11) )

where

X11 = number of times in the data the value of the independent variable is 0, with food security
X1z = number of times in the data the value of the independent variable is 0, with food insecurity
Xp1 =number of times in the data the value of the independent variable is 1, with food security
Xpo =number of times in the data the value of the independent variable is 1, with food insecurity

The significance of the odds ratio is that if it is greater than 1, it indicates a positive
association between the independent variable and food insecurity. An odds ratio of less
than 1 indicates a negative association, while a ratio equal to 1 indicates no association
between the independent variable and food insecurity.

Table 1. Contingency table.

Food Insecurity

0 1
. 0 X1 X1z
Independent Variable
P 1 Xo1 Xoo

3. Application Example
Study Region and Data Collection

Data from the 2020 National Health Interview Survey (NHIS) collected by the National
Center for Health Statistics (NCHS) of the USA are analyzed in this research. Although
the NHIS data primarily focuses on health-related information of the noninstitutionalized
population of the US, the survey, for the first time in the year 2020, includes information on
those populations that reside near transit while inquiring about their food security status.

Based on the survey documentation, it has been pointed out that in 2020, due to the
COVID-19 pandemic, data collection procedures were disrupted. From April to June, all
interviews were conducted by telephone only. From July to December, interviews were
attempted by telephone first, with follow-ups to complete interviews by personal visit.
In this way, 31,568 sample adult interviews were carried out [23]. The information from
these many sample interviews is publicly available to researchers. Our primary focus
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was to extract only the relevant information on food (in)security, the residing status of
respondents if located near transit, and their socioeconomic characteristics. There were
15,786 respondents who lived within walking distance (or close to a transit stop) at the time
of the interview.

The 2020 National Health Interview Survey (NHIS) data on food insecurity and
associated explanatory variables were at the spatial scale of counties spanning four regions
of aggregated states, namely, the Northeast, Midwest, South, and West. Further, the counties
within these aggregated states were classified based on the 2013 NCHS Urban-Rural
Classification Scheme [24]. This classification scheme is based on the county population.
It has six divisions: four metropolitans (large central metro, large fringe metro, medium
metro, and small metro) and two nonmetropolitan (micropolitan and non-core).

A county that is a large central metro is defined as a metropolitan statistical area (MSA)
with a population of 1 million or higher than the entire population of the largest principal
city of the MSA. A large fringe metro has a population size of 1 million or higher, which
does not qualify as a large central metro county. A medium metro county in MSAs has a
population from 250,000 to 999,999, whereas a small metro county in MSAs has a population
of less than 250,000. The nonmetropolitan categories of micropolitan and non-core are the
respective counties in micropolitan statistical areas and the nonmetropolitan counties that
did not qualify as micropolitan.

However, the survey combines the data from medium and small metro county re-
spondents into one, and the same was performed for the micropolitan and non-core
nonmetropolitan counties. Thus, instead of six classification counties of the 2013 NCHS
Urban—Rural Classification Scheme, the survey data has information on four levels of
county classification: large central metro; large fringe metro; medium and small metro; and
nonmetropolitan.

The association between the likelihood of facing food insecurity by the survey respon-
dents residing close to transit and the socioeconomic variables of age, income, education
level, and dependency on food stamps were estimated for significance using logistic regres-
sion. Note that the socioeconomic variables, as well as the food insecurity, were treated as
dichotomous variables. Table 2 shows each variable definition used in the logistic regres-
sion. It is noted that the age of 38.6 years was identified as a classification level based on
the 2020 median age of the US population. The purpose of keeping the median age as a
classification level was to understand if there was any significance in food insecurity below
this age among the respondents.

Further, the income levels were classified based on poverty and median household
incomes of USD 21,960 and USD 67,521, respectively. With an income that is below the
poverty benchmark, it would be expected that food insecurity might be a concern among
those living near transit. Like median age, median income was a natural choice as a
classification level in understanding food insecurity.

Education as the explanatory variable was classified based on the respondents” qualifi-
cations in holding a degree, i.e., if the respondent had a degree, was it an associate degree, a
bachelor’s, or a higher educational degree? The purpose was to understand if food security
was at all impacted among the respondents by their level of educational attainment.

The last variable tested for impact on food insecurity is the respondents” having
utilized food stamps in the previous twelve months. Availing of food stamps or SNAP by
respondents would not mean food insecurity occurs. SNAP is intended to eliminate food
insecurity that stems from worrying that the food will not last, run out, or the respondent
has to cut the size or skip meals.

A total of sixteen spatially distinct scenarios covering almost the entire US were
analyzed. These scenarios were from four of the 2013 NCHS Urban-Rural Classification
Scheme counties times in four aggregated states in the Northeast, Midwest, South, and West.
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Table 2. Variables definition.

Variable Notation Coding

Male Male 1 = Male, 0 otherwise

Age < 38.6 (USA 2020 Median age: 38.6 *)  Age_386 1if Age < 38.6, 0 otherwise

Age in-between 38.6 and 50 Age_38650 1if 38.6 < Age < 50, 0 otherwise

Age in-between 50-65 Age_5065 1if 50 < Age < 65, 0 otherwise

Age > 65 Age_65 1if Age > 65, 0 otherwise

Income < U.SD .21'960 (]?Selow poverty with Inc_p 1if Income < USD 21,960, 0 otherwise

a mean family size of 3 )

Income USD 21,960 to USD 67,521 (Median

household income in the USA was USD Inc_pm 1if USD 21,960 < Income < USD 67,521, 0 otherwise

67,521in 2020 )

Income > USD 67,521 Inc_m 1 if Income > USD 67,521, 0 otherwise

Education level with no degree Edu_nd 1 if Education with no degree, 0 otherwise

Education level with associate degree © . . . .
and above but below bachelor level Edu_ad 1 if Education with a degree below undergraduate, 0 otherwise
Education level with bachelor’s and Edu_bd 1 if Education with undergraduate and above degree, 0 otherwise
above degree

Received food stamp in the last 12 months ~ Food_S 1 if received food stamp in last 12 months, 0 otherwise

Western

-
76
78

I o

a. Food Insecurity

% Source: Statistica.com, 2021 [25]; ¥ US Department of Health and Human Services, 2021 [26]; B Source:
Statistica.com 2023 [3]; © Associate degree in occupational, technical, vocational program, academic program, etc.

Table 3 shows the descriptive statistics for the explanatory variables. The table was
prepared for those respondents living close to transit.

A very high percentage of almost 94% of respondents living near transit and in
the large central metro counties of the Northeast states indicated food insecurity. The
percentage of respondents living near transit and in the nonmetropolitan counties of the
South states had the lowest (8%) food insecurity. Overall, for the respondents living near
transit and in the nonmetropolitan counties of the Midwestern and Southern states, the
percentages of explanatory variables were found to be lower than in the other two regions of
the aggregated states. The percentage distributions of all the explanatory variables were the
largest for the large central metro counties across all four regions in the aggregated states.

The maps in Figures 3-5 show the spatial variations in the percentages of food in-
security and the thirteen explanatory variables. The map of food insecurity, the gender
variables (males and females, age of respondents between 38.5 to 50 years and 50 years
to 65 years, income greater than USD 67.5 k, and education level of bachelor and above
appear to have a similar color shade, although differing in their respective percentages.
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57 & = » 23
Northeast e — 2 Northeast
= -59 _— 2 Northeas
= N . s
Western . /3
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3 e Sy
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a1 Southern > 14 Southern
53 19
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b. Male

Figure 3. Cont.
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Figure 3. Spatial distribution of percentages of explanatory variables: (a) Food insecurity; (b) Male;
(c) Female; (d) Age < 38.6; (e) Age in-between 38.6 and 50; and (f) Age in-between 50 and 65.
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Figure 4. Spatial distribution of percentages of explanatory variables: (a) Age > 65; (b) Income <
USD 21,960; (c) Income from USD 21,960 to USD 67,521; (d) Income > USD 67,521; (e) Education level
with no degree; and (f) Education level with associate degree and above but below bachelor’s level.
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Figure 5. Spatial distribution of percentages of explanatory variables: (a) Education level with
bachelor’s and above degree; and (b) Received food stamps in the last 12 months.
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Table 3. Descriptive statistics of the dependent and explanatory variables (shown as percentages).
Aggregated States
Northeast States Midwest States Southern States Western States
Variable Lézrge Large Medium Large Large Medium Large Large Medium Large Large Medium
en- Fringe and Nonmetropolitan Cen- Fringe and Nonmetropolitan Cen- Fringe and Nonmetropolitan en- Fringe and Nonmetropolitan
tral 8 Small P tral 8 Small P tral 8 Small P tral 8 Small v
Metro Metro Metro Metro
Metro Metro Metro Metro Metro Metro Metro Metro
Food Insecurity
(consists of aggregated
affirmative responses
to—"worry food would run
out”, “food did not last”, 94 73 59 36 83 52 57 24 70 53 41 8 89 78 76 45
“could not afford to eat
balanced meals”, and “cut
the size of meals or skip
meals”)
Male 38 25 21 11 34 16 23 7 28 19 14 3 41 35 31 16
Female 45 28 22 16 39 19 24 8 32 21 18 4 42 40 34 16
Age < 38.6 (USA 2020
Median age: 38.6) 25 15 11 5 26 10 18 3 23 13 2 28 20 20 9
Age in-between 38.6 and 50 14 10 7 5 13 6 8 2 10 7 5 1 16 14 12 6
Age in-between 50 and 65 21 14 12 9 18 9 11 4 14 10 8 1 20 18 16 8
Age > 65 23 14 13 8 17 8 10 6 14 11 10 2 19 22 17 9
Income < USD 21,960 (below
poverty with a mean family 17 5 6 6 9 4 10 4 11 4 7 2 9 6 8 5
size of 3)
Income USD 21,960 to USD
67,521 (Median household
income in the USA was USD 29 17 19 10 28 13 20 7 22 15 14 3 27 24 27 13
67,521 in 2020)
Income > USD 67,521 36 31 19 11 36 18 17 5 27 21 11 1 47 44 30 14
Educat“’;‘ level with no 36 21 19 14 29 15 23 8 25 17 16 4 34 29 32 16
egree
Education level with
associate degree and above 7 6 5 3 7 5 6 3 6 5 5 1 10 11 9 4
but below bachelor’s level
Education level with
bachelor’s and above degree 39 25 19 10 37 15 17 5 29 19 11 2 40 34 23 11
8
Received food stamp in the 15 9 11 19 10 9 14 14 12 9 15 24 8 7 12 17

last 12 months (2019)




Sustainability 2023, 15, 13936

11 of 17

4. Results and Discussion

The results have been prepared for those populations that reside near the transit stop.
Hence, the discussion here (for the variables and food (in)security) pertains only to those
populations.

With the data for this study’s region at the spatial scale of counties spanning four
regions of aggregated states, namely, the Northeast, Midwest, South, and West of the USA,
Logistic regression results were obtained using the SPSS Statistics 22. The significance level
was set at 5%.

Cox and Snell R2 for all the sixteen analysis regions were found to be within 0.2-0.4. It
was also observed from the collinearity matrix for each scenario that the majority of the
explanatory variables showed no strong correlation. In addition, the classification table
(confusion matrix) showed that the predicted percentage of food insecurity was above
90% for each of the sixteen scenarios. Based on the output from the software, coefficient
estimates of the explanatory variables (along with the standard error for each estimate)
have been compiled, as shown in Table 4, at 1% and 5% significance levels. It is noted in
Table 4 that the values that are missing were found to be not significant at the 5% level
considered for all outputs of the estimates, and hence, these outputs have not been supplied
in Table 4 for any further discussion or focus. A majority of the coefficient estimates under
the columns of nonmetropolitan counties of the Northeast, South, and West have been
greyed out, indicating that the estimates were not significant at a 1% level or at a 5%
significance level.

The following variables were considered as the base for the categorical variables in
the regression for the respondents if they were above the age of 65 (Age_65), had income
higher than the country’s median income of USD 67,521 (Inc_m), and education level with
a bachelor’s or a higher degree (Edu_bd). This consideration for respondents was likely
not to affect food insecurity, which was modeled as the dependent variable since we expect
that food insecurity would be absent among those above 65 because of several welfare
schemes meant for older people, such as social security. Further, a respondent possessing
a bachelor’s or a higher education qualification with a degree would not have to worry
about food security. Finally, income above the median income (much above the poverty
threshold) would very unlikely compel a respondent to worry about food running out or
being forced to cut out a meal.

The coefficient estimates provided in Table 4 suggest that at a 5% significance level,
a decreasing effect of food insecurity exists among males living close to transit for the
medium and small metro counties of the Midwestern states of the USA. However, similar
observations have been made in the Western states for the large fringe metro counties.
Respondents who live close to transit in the USA and in the large central metro counties
of the Northeastern, Southern, and Western states showed an increase in food insecurity
and were aged below 65, had an income below the country’s median income, and had
educational attainment below the bachelor’s degree. This indicates that living close to
transit might offset some of the need for supplemental nutrition through food stamps. This
is evident in Table 4 through a possible increase in food insecurity with a respondent having
to avail food stamps in the past 12 months. At a 1% significance level, the respondents who
lived close to transit in all the four-county classifications of the four-state regions of the US
showed a significant association between food insecurity and subscribing to food stamps
or SNAP in the past twelve months. Subscription to SNAP by those living close to transit is
critical to minimizing their food insecurity since SNAP can ensure an adequate food supply
is available.

Table 5 presents the odds ratio for the explanatory variables. All the variables (except
for males living in the medium and small metro of the Midwest states have an odds ratio
greater than 1, which indicates that the variables have a positive association with food
insecurity. For example, it is observed that households living close to transit in all four
counties across the four regions of states who have income below the poverty threshold
of USD 21,960 have a higher propensity to face food insecurity. Among these, households
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in the large fringe metro counties of the Western states have the highest odds ratio of
25.5, indicating that the households in these parts of the US face food insecurity due to
lower-than-poverty set income. The males in the Midwestern states within medium and
small metro counties and in the Western states within large fringe metro counties exhibit
an odds ratio of less than 1, which points to a negative association between the males in
this region and food insecurity.

Spatial visualization of the significance of the estimates of the explanatory variables
shown in Figure 6 indicates that in most counties for males living near transit and re-
spondents with an associate degree, food insecurity (whether positive or negative) largely
remained undetermined at a 1% and a 5% significance levels. This has been shown using
blue shades (and a few yellow shades) in the maps of Figure 6a—h, with each shaded area
representing a county. Food insecurity is significantly impacted in the Western counties, at
1% and 5% significance levels, by the age of the respondents living near transit—as evident
from the high number of red and yellow-shaded clusters in the maps of Figure 6b—d. For
other regions, this observation is noted at a 1% significance level.

Similar observations are made of significant impacts in spatially clustered counties for
the income and education level, which is evident from the maps in Figure 6e-h. Specifically,
for those respondents living near transit with educational attainment with no degree, food
insecurity is observed both at 1% and 5% significance levels for the counties in the Western
states, as shown in Figure 6g.

As evident through red-shaded clustered counties of the map in Figure 6i, barring
respondents from some counties in the Western States, all other respondents who reside
near a transit across various counties of the four regions of aggregated states evidently
exhibited food insecurity at a 1% significance level with food stamps that were received in
the last 12 months. This finding also points toward the fact that receiving food stamps or
subscribing to SNAP does amount to food insecurity. Alternatively, from this finding, it
could also be assumed that SNAP as a welfare scheme might not be working in dissipating
food insecurity for those living near transit in the US. Further longitudinal studies need to
be carried out to refute this assumption.

Thus, in summary, living near transit does not translate to food insecurity for males
only in a limited number of regions of the US. In addition, for certain age groups, income
level, educational attainment, and subscription to food stamps or SNAP, food insecurity
was prevalent among those living near transit in most of the four regions of the US.
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Table 4. Coefficient estimates of explanatory variables (values in parenthesis are standard error).

Northeast States Midwest States Southern States Western States
Large Medium Large Medium Large Medium Large Medium
Variables Cen- Lgrge and . Cen- Lqrge and . Cen- Lu'rge and . Cen- Lu.rge and .
Fringe Nonmetropolitan Fringe Nonmetropolitan Fringe Nonmetropolitan Fringe Nonmetropolitan
tral Metro Small tral Metro Small tral Metro Small tral Metro Small
Metro Metro Metro Metro Metro Metro Metro Metro
—0.505 —0.688
Males * 1.356 (0.658) *
(0.223) (0.306)
0.79 0.933 1.482 0.803 0.923 0.71 0.749 0.513 1.228 1.123
Age 386 0207)  (0317) ©044d) (0306)  O7BOSD ooy 0261 (0.238) 0198)  (0387)  (0.232)
1.101 1.792 1.824 * 1.484 1.205 0.597 0.854 1.325 1.334 *
Age 38650 (h560)  (035)  (0.48) (0.505) 1839063 (5 (0.291) 0223)  (042) (026)  188(0682)
0.661 1.081 0.975 1.32 0.967 0.891 0.897 0.611 1.106 *
Age 3065 g 01y (0323)  (0.438) (0.455) L190545)  (0503)  (0281)  (0.244) (0.209) (0.243)
Inc 2.454 2.636 2.188 1.863 1.904 2.209 2.707 (0.845) 2.239 1.824 2.679 1.906 3.204 1.918
-P (0.299)  (0.396)  (0.524) (0.355)  (0.491)  (0.445) ’ ’ 0.27) (0.339) (0.372) (0.222)  (0.495)  (0.245)
Inc pm 1.879 1.93 1.269 1.445 1.506 1.633 2.046 (0.794) 1.784 1.563 1.88 1.295 2213 0.89
-P 0.273)  (0.296)  (0.465) 0.3) (0.38) (0.418) ’ ’ (0.241)  (0.254)  (0.351) (0.185)  (0.416)  (0.202)
Edu nd 0.692 * 1.05* 0.866 * 1.343 0.800 * 0'253 0.739 0'%_55 0.731 1.365 (0.68)
(0.201) (0.401) (0.25) (0.333) 0.19) (0.241) (0.18) (0.355) (0.201)
0.597 * 0.834
Edu_ad (0.305) (0.235)
Food_S 1.095 1.086 2.168 2571 (0.905) 1.759 1.872 1.401 1149 (0.489) 1.055 1.434 1.47 1514 (0.707) 1.315 0.984 1.874 (0.501)

(0.201)  (0.302)  (0.358) 0.252)  (0.369)  (0.254) (0.189)  (0.255)  (0.207) (0.179) (0.192)

* indicates 5% significance level, otherwise, all are 1% significance level. All bold numbers are at 5% significance level. Greyed out cell indicate that the estimates were not significant at a
1% level or at a 5% significance level.

Table 5. Odds ratio for the explanatory variables.

Northeast States Midwest States Southern States Western States
Large L Medium Large L Medium Large L Medium Large L Medium
Variables Cen- a1ge and . Cen- arge and . Cen- arge and . Cen- arge and .
Fringe Nonmetropolitan Fringe Nonmetropolitan Fringe Nonmetropolitan Fringe Nonmetropolitan
tral Metro Small tral Metro Small tral Metro Small tral Metro Small
Metro Metro Metro Metro Metro Metro Metro Metro
Males 0.605 4.05 0.501
Age_386 2.204 2.542 44 2.233 4.846 2.518 2.033 2.115 1.67 3.416 3.073
Age_38650 3.009 6 6.195 4412 6.291 3.335 1.47 1.817 2.349 3.764 3.798 4.893
Age_5065 1.938 2.947 2.65 3.745 3.063 2.631 2.437 2.453 1.843 2.184 3.023
Inc_p 11.118 13.452 8.926 6.443 6.678 9.137 14.497 8.82 5.848 14.329 6.579 25.532 6.797
Inc_pm 6.228 6.809 3.577 4.242 4.488 5.132 7.577 5.867 4.684 6.61 3.613 9.17 2.439

Edu_nd 1.969 2.856 2.378 3.818 2.254 2.008 2.097 2.378 2.082 3.87
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Table 5. Cont.

Northeast States Midwest States Southern States Western States
Large L Medium Large Medium Large Medium Large Medium
Variables - arge - Large - Large - Large
ara Cen . and . Cen . and . Cen . and . Cen . and .
Fringe Nonmetropolitan Fringe Nonmetropolitan Fringe Nonmetropolitan Fringe Nonmetropolitan
tral Metro Small tral Metro Small tral Metro Small tral Metro Small
Metro Metro Metro Metro Metro Metro Metro Metro
Edu_ad 1.867 2.329 2.294
Food_S 2.85 3.026 8.682 13.021 5.712 6.467 4.047 3.178 2.927 4.443 4.432 4.209 3.766 2.013 2.661 6.739

Greyed out cell indicate that the estimates were not significant at a 1% level or at a 5% significance level.

Midvwest 5 V% Midvwest
s

Northeast e

Northeast

- Southern T Southem e (©)Age > 38,68 Age <50

° (a) Males ° (b) Age <38.6

[y
\\\Q\ Midwest

Midhwest 9
v Northeast

:‘;y[s;' 2 \

Northeast

g Southern Southern Southern
(d) Age > 50 & Age < 65 (e) Income < $21,960 (f) Income > $21,960 & Income < $67,521

-——
Western - -
. =t Western ~2 Western
st . >y~ 9 Midvwest N\ Midwest
Northeast o A3 N p e
e T ! Northeast
o

Legend

[ significant at 5%
2\ I significant at 1%
N M Not significant

“ Southen . Southern Southen
(g9) No degree (h) With Associate degree (i) Received food stamps

Figure 6. Spatial distribution of significant impacts of the explanatory variables (a-i) on food insecurity.
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5. Conclusions and Future Research

The findings in this paper point toward the growing need to promote policies that
will reduce the need to use SNAP, especially for those populations residing near transit in
the United States. This research evaluated food insecurity among the population residing
close to transit. Data from the 2020 NHIS were analyzed to draw insights. A logistic
regression analysis was carried out by treating food insecurity as the dependent variable
and socioeconomic variables such as age, income, education, and dependency on food
stamps or SNAP as independent variables. Food insecurity is assessed with information on
four aspects of inputs from those respondents who live close to transit, i.e., if they worried
the food would run out, food did not last, they could not afford to eat balanced meals, or
had to cut the size of meals or skip meals.

Findings suggest that respondents who live close to transit in the US and are from
large central metro counties of the Northeastern, Southern, and Western states showed an
increase in food insecurity if one or more of the following three cases was true: (i) if they
were under 65 years of age; (ii) had income below country’s median income; or (iii) if their
educational attainment was below bachelor’s degree. Further, a significant association was
found between the food insecurity of respondents living close to transit and the use of food
stamps during the past twelve months across all four regions of the aggregated states. This
highlights that SNAP, a food program popular in the US, needs to be reviewed to ensure
food security among Americans living close to transit.

The research findings suggest the need to improve transit connectivity to employment
centers that can offer higher paying jobs than USD 67,521 per annum to males (below
65 years of age) possessing degrees below bachelor’s.

In general, policies that would alleviate food insecurity among those living close
to transit (as it is considered a cheaper mode of transportation, hence popular among
low-income households) could include reduced rental or property taxes in their existing
location, welfare schemes (such as subsidized education expenses to earn a degree), and
introduce incentives to access to jobs using transit as a readily available mode to achieve a
sustained level of income much above the poverty threshold in the USA.

One of the major limitations of this research is that the results are presented based on
the data that were available through the 2020 NHIS and which might not be statistically
sufficient. At the same time, the data were collected during the COVID-19 pandemic when
only remote methods (such as phone interviews, email, etc.) could be deployed and trusted.
We hope to receive similar transit-related data and information on those living close to the
transit so that a longitudinal study can be carried out to study the impacts of variables on
food insecurity. Our future research will also involve identifying best practices related to
these recommendations (and others) through example case studies from across the globe.
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