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Abstract: This study examined the factors that determine U.S. household expenditure patterns
for food products in the context of exceptional price shocks due to the COVID-19 pandemic. This
research relied on the Consumer Expenditure Diary Survey (CEX) for the year 2020, where households
or consumer units represent units of observation. With a sample size of 10,453 observations, the
empirical estimation of the Heckman two-step model yields interesting results. Consistent with the
inelastic nature of food products, we found conditional expenditure elasticities of income were less
than one for all kinds of food, including food away from home (FAFH). The results showed both
food and FAFH to be highly price elastic in this special period of higher food prices. For instance, a
1% increase in own price implied a 7.78% decrease in the probability to spend on food and a 20.93%
decrease in propensity to purchase FAFH. This study provides business managers and marketing
experts with insights on the consumer profile and food product price strategy.

Keywords: food; food away from home; Heckman two-step model; U.S. households

1. Introduction

Food prices increased by 7.9% during the month of February 2022 in the U.S. [1].
This corresponds to the largest annual food price increase in 40 years. The price surge
primarily originated from a disruption in the food supply chains due to the COVID-19
pandemic [2]. This unique food price shock placed a great financial pressure on the budgets
of consumers [3]. This price crisis entails both food at home (FAH) and FAFH. At the
household level, exposure to the price shock varied across different regions of the country.
The highest increase occurred in the Southern region, while the lowest increase happened
in the Northeast.

For instance, at the starting point of the crisis, in the year 2020, the all-item consumer
price index encountered an annual increase of 1.1% in the Northeast region of the U.S.,
whereas the Southern region faced a higher increase of 1.6%. Similarly, the Western and
Midwest regions of the U.S. faced an increase of 1.4% and 1.2.%, respectively. The resulting
difference in percent increase between the Northeast and Southern regions equals one-half
of a percent. Figure 1 illustrates the twelve-month percentage changes in price indexes for
the last twenty years, starting from January 2002. The price shock under consideration in
this research is highlighted with the ovoid shape on the right side of the graph.

This study aimed to shed light on the factors that determined U.S. household expen-
diture patterns for food products in the context of the price surge. For this purpose, the
research question is to evaluate how likely households, faced with a price shock, purchase
food products and to investigate the intensity of household food expenditures. For this
study, all food includes FAH and FAFH. In our paper, the main idea developed rests on the
influence of a price surge on expenditure patterns for FAH, FAFH, and all food. However,
because all food and FAH exhibit the same shape of price variations, we focus the analysis
on all food and FAFH. Chenarides et al. [4] conducted an online consumer survey in May
2020 in two major metropolitan areas in the United States to investigate food shopping

Sustainability 2022, 14, 8156. https://doi.org/10.3390/su14138156 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14138156
https://doi.org/10.3390/su14138156
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-8309-1213
https://doi.org/10.3390/su14138156
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14138156?type=check_update&version=1


Sustainability 2022, 14, 8156 2 of 17

behaviors and consumption during the pandemic lockdown caused by COVID-19. Their
findings stressed that food consumption patterns for major FAH groups seemed to stay the
same for the majority of the surveyed participants.
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Figure 1. The twelve-month percentage change in consumer price indexes for the last 20 years. 
Source: Authors own work from BLS data. 
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Figure 1. The twelve-month percentage change in consumer price indexes for the last 20 years.
Source: Authors own work from BLS data.

Our research contributes to the literature on food demand analysis, in general, by pro-
ducing new evidence relative to the effects of a particular price shock on food expenditure
patterns within U.S. households. To the best of our knowledge, no previous study has
addressed this issue, i.e., examining food expenditure patterns for U.S. consumers during
a price crisis due to the COVID-19 pandemic. The three findings of this research are the
following: First, more than all the other variables, price affected the likelihood to purchase
FAH and the propensity to buy FAFH.

Second, price determined the likelihood to purchase FAH, but not significantly the
amount spent on the food products in the specific situation of price hikes. In contrast, price
significantly determined not only the likelihood to purchase but also the amount spent on
FAFH in this unique price crisis experienced by households. Third, consistent with the
inelastic nature of food products, conditional expenditure elasticities of income were less
than one for food in general and for FAFH.

Based on the results, holding everything else constant, a 10% increase in income is
associated with a 1.4% increase in the probability to purchase FAH and a 9.6% increase
in propensity to spend on FAFH. However, with respect to price, both FAH and FAFH
represent elastic goods during the price shock period. In addition, a 1% increase in own
price implies a 7.78% decrease in the probability to spend on FAH (including all kinds of
food) and a 20.93% decrease in the propensity to purchase FAFH. The results of this analysis
elicit the profile of food products consumers in terms of their socio-demographic traits
and location, key economics characteristics same as the inherent seasonal heterogeneity.
Doing so, our article provides business managers and marketing experts with options
for designing a strategic food-pricing policy. Additionally, food policy-makers can find
rigorous indicators relative to the various kinds of disparities in food access that households
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might be experiencing because of the market price upsurge. Our findings might be useful
for them in addressing disparities issues. The remaining sections of this study cover the
relevant literature, the data used, the econometric model, the results, and the conclusions.

2. Related Literature

The total spending on food and beverages in the United States was USD 1.8 trillion
in 2019 while the annual share of FAFH expenditures reached 51.6 percent, up from 47.3
percent in 1997 [5]. Saksena et al. [6] pointed out that FAFH has become increasingly
integrated into the American diet. They argued relative price changes represented an
important determinant of food choices. Hirvonen et al. [7] argued that all households
increased their consumption of staples relative to other types of foods and concluded that
this pattern is much more suggestive of changes in relative prices than in the heterogeneity
of demand changes related to income changes. Bozoglu et al. [8] used a multivariate
sample selection model to explore the effects of socio-demographic and economic factors of
expenditures on FAFH and FAH in Turkey. Their empirical results highlighted that urban
households tend to spend more on FAFH than FAH as incomes have increased.

Household size may also impact FAFH expenditures [9]. Amoakon et al. [10] explored
the food expenditure patterns of college students in the United States relying on the Engel
relation between food expenditures and income. Their findings suggested that the average
college student spent about 30% of their income on food while the estimated marginal
share was 0.076. Liu et al. [11], using a Box–Cox double-hurdle model, investigated the
effects of household composition along with income and education on FAFH expenditures
in urban China. They found that household composition indeed had significant effects on
FAFH consumption, both at the participation and expenditure steps. Further, employment
and education status were common causes of both FAH and FAFH expenditures. Yet,
marital status, race, and sex had mixed effects [12]. Ogunmodede and Omonona [13]
investigated food consumption patterns and related illnesses among households and found
that household consumption patterns were influenced by household-head sex, income,
location, level of awareness of plant-based whole food, and total food expenditures. After
examining food price shocks and the changing patterns of consumption expenditure across
decile classes in rural and urban India, Sinha and Laha [14] concluded that consumption
expenditure differed in both spatial and temporal dimensions.

The COVID-19 pandemic directly impacted both FAH and FAFH expenditures [15].
Government policies, at the state or city level, mandated the closure of restaurants and
other FAFH venues, while local authorities treated grocery stores as essential businesses,
in contrast. Expenditures on FAFH significantly declined as a result [15,16]. This analysis
did not neglect FAFH expenses, rather this subject is a matter of our focus in addition to
all food which includes FAH. As a substitution for the decline in FAFH expenditure, some
authors [15–17] noticed a significant increase in the proportion of households who used
online grocery shopping during the pandemic. Similarly, the online SNAP pilot expanded
during the pandemic [16]. Chang and Meyerhoefer [17] investigated how the coronavirus
pandemic affected the demand for online food shopping services in Taiwan and found that
some of the increased demand for food products was due to a substitution for FAFH.

Our article aims to extend on how several socio-demographic factors, among others,
affect food expenditure patterns when U.S. households were impacted by a price shock.
Because race and ethnicity are complex concepts and based on constructs, they need to
be explained within a rigorous framework, and their relevance for this paper is pointed
out. As socio-demographic factors, race and ethnicity are concepts of major importance in
the U.S. They are sources of diversities. Alesina and La Ferrara [18] argued that an ethnic
mix brings about variety in experiences and cultures which may be productive and may
lead to innovation and creativity. For them, racially mixed cities are constant producers of
innovation in business. In the U.S., race and ethnicity are also sources of disparities [19]. For
example, the racial disparities span both income and access to food. Because race-related
differences in economic outcomes have been a long-lasting concern in America, we found
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it pertinent to include the issues of race and ethnicity factors in our model. In accordance
with almost all the previous studies on food expenditures patterns, we assume that, in
conjunction with the other factors, race and ethnicity play a crucial role as determinants of
household food expenditures. For this paper, ethnicity identifies whether or not the head
of the household is Hispanic. Thus, race defines all the non-Hispanic racial groups, for
instance, Black, White, Asian, American Indian, and Pacific Islander, same as the other
minorities. Before the COVID-19 pandemic, from the year 2017 to 2018, more than one-third
of U.S. adults consumed fast food on a typical day, with the highest levels among non-
Hispanic Black people [20]. The coronavirus pandemic has disproportionately impacted the
racial and ethnic communities across the territory of the U.S. [21]. Ellison et al. [16] stressed
that, in America, the pandemic could exacerbate inequalities and disparities in food access.
It is relevant for this article to not only answer how race and ethnicity determined the food
spending behavior of U.S. households in the context of COVID-19 but also to shed light on
the inherent disparities.

Deaton and Muellbauer [22] explained the influence of the economics factors on food
consumption and found incomes and prices most importantly determined the consumer
behavior for quantity and types of food bought. According to Engel’s law, the less wealthy a
household is, the greater the proportion of total food expenditure. By contrast, the wealthier
a household, the smaller the share of expenditure on food for total expenditure. Addition-
ally, consumption of foods such as fresh fruits or meats increased with rising income, while
consumption of basic foods such as potatoes and cereals, considered inferior goods, de-
creased with increasing income. However, consistent with Engel’s law, most food products
are inelastic goods. Understanding the transformation that occurs in food expenditure
patterns in response to a rapid price increase is a topic of interest for marketers, researchers,
and policy makers. Reiss and White [23] showed that U.S. households strikingly changed
their energy consumption habits in response to a price shock confined to California state.
Bitler et al. [3] focused on the EBT payment effect on food hardship rather than spending
behavior changes. Bauer et al. [24] investigated the impact of governmental assistances
on low-income households. Garner et al. [25] elaborated on the descriptive analysis of
the reported changes in behavior and concluded that the price crisis profoundly affected
consumer spending patterns and suggested a more detailed multivariate investigation.

This paper lines up more with the research works on measuring the economic conse-
quences of the ongoing market price crisis. Establishing not only on the theory of price and
income relative to food consumption patterns but also considering how households can
change their consumption expenditures on food products in the context of a price crisis, we
formulated the testable hypothesis that the price shock affected not only the likelihood to
purchase food products but also the expenditure level devoted to food products.

3. Materials and Methods
3.1. Data Description

To estimate the factors that determine the U.S. household expenditure patterns for
food products in the context of price shocks, this study employed the data of Consumer
Expenditure Diary Survey (CEX) for the year 2020. This corresponds to the most recent CEX
data available when this paper was undergoing its writing process. Collected quarterly by
the Bureau of Labor Statistics (BLS), the CEX data are fully accessible from their website
and represent all the U.S. civilian non-institutionalized population. The unit of observation
corresponds to the surveyed household. To be specific, the CEX gathers a wide range of
data related to the purchases made by the households, including large spending, such
as vehicles and property, same as regular spending, such as food expenditures and rents.
Furthermore, the CEX provides detailed socio-demographic information such as family size,
employment status, race, gender, marital status, age, annual wage, and welfare program
involvement and received benefit amounts.

During each quarter, the Census Field Representative places the Diary Survey booklet
in the household to be surveyed for two consecutive weeks. During these time windows,
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the respondents record expenditures for 7 consecutive days, i.e., the diary week. Each
Diary Survey week is assigned to the Diary Survey quarter in which it was recorded.
Thus, all Diary Survey files are organized as quarterly data. This research exploits the
diary data spanning all four quarters of the year 2020. After cleaning the sample, mainly
from 15 cases of households exhibiting negative income before tax, our full sample size
equaled 10,453 observations. After examining the dataset, we found that each household
was interviewed only once. Therefore, the full sample contains as many households
as observations.

Consequently, to estimate the expenditure patterns of U.S. households while they
faced an exceptional price shock for food products, our analysis relied on a set of four types
of variables widely used in the analysis of food consumption patterns, namely the socio-
demographic characteristics of the households, their geographical location, the seasonal
trend, and price variables. Capps [26] employed these four kinds of variables to analyze
the U.S. consumer expenditure patterns for fish and shellfish. Identical to Byrne et al. [27],
except the price variable, who examined the expenditure patterns of U.S. households for
FAFH from 1982 to 1989. Zhao et al. [28] retained the same variables to evaluate the U.S.
consumer expenditure patterns for fresh flowers. Recently, Cheng et al. [29] included the
four types of variables to estimate demand for nuts in the U.S. Dettmann and Dimitri [30]
had only focused on the socio-demographic characteristics to examine the expenditure
patterns of U.S. consumers of organic vegetables.

Incorporation in our analysis of regional dummy variables intends to measure the
differences in location-specific effects regarding expenditures on food products and FAFH
at the household level. Seasonal dummy variables aim to capture the differences in ex-
penditures by season (either warm or cold). Furthermore, variables such as income before
tax, household size, age, education level, sex, marital status, race, housing status, and
Supplemental Nutrition Assistance Program (SNAP) participation are introduced to control
for the effects induced by the socio-demographic characteristics on the spending patterns
of households. Following Capps [26], we used Consumer Price Index (CPI) as the price
variable. We obtained the CPI data from the BLS website, the institution that collects them.
Table 1 reports the summary statistics for both the dependent and independent variables
used in this research in addition to their definition.

Table 1. Summary statistics for the full sample, CEX Diary 2020, N = 10,453 observations.

Variable Definition Mean S.D. Min Max

Expenditure
TotFood Total Food expenditure 145.100 147.135 0 2735

Foodaway Expenditure on Food Away from Home 45.393 75.479 0 2399
Foodhome Expenditure on Food at Home 99.707 112.070 0 2110

Price
PriceFood Average CPI for Food 266.867 3.360 261.914 269.863
PriceFafh Average CPI for FAFH 293.897 3.554 289.711 298.505
PriceFah Average CPI for FAH 249.671 3.724 244.167 253.258
Income Income before tax 91,149 83,708 0 615,416

Size
Hh_size Household size 2.389 1.446 1 16
Region

Northeast Reside in Northeast of U.S. (1 = Yes, 0 = No) 0.159 0.366 0 1
South Reside in South of U.S. (1 = Yes, 0 = No) 0.303 0.460 0 1
West Reside in West of U.S. (1 = Yes, 0 = No) 0.312 0.463 0 1

Midwest (Base) Reside in Midwest of U.S. (1 = Yes, 0 = No) 0.204 0.403 0 1
Season

Coldseas Surveyed in Quarter 1 or 4 (1 = Yes, 0 = No) 0.576 0.494 0 1
Warmseas (Base) Surveyed in Quarter 2 or 3 (1 = Yes, 0 = No) 0.424 0.494 0 1

Age of reference person
Age less 40 (Base) Is less than 40 years old (1 = Yes, 0 = No) 0.258 0.438 0 1

Age 40 to 65 Is between 40 and 65 (1 = Yes, 0 = No) 0.442 0.497 0 1
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Table 1. Cont.

Variable Definition Mean S.D. Min Max

Age 65 and above Is 65 or above (1 = Yes, 0 = No) 0.300 0.458 0 1
Marital status of the head

Maried Is married (1 = Yes, 0 = No) 0.529 0.499 0 1
Unmaried (Base) Is Not married (1 = Yes, 0 = No) 0.471 0.499 0 1

Race of reference person
Black Is Black (1 = Yes, 0 = No) 0.095 0.293 0 1
Asian Is Asian (1 = Yes, 0 = No) 0.072 0.258 0 1

White (Base) Is White (1 = Yes, 0 = No) 0.808 0.394 0 1
Ethnicity of the Head

Hispanic Is Hispanic (1 = Yes, 0 = No) 0.121 0.326 0 1
NotHispanic (Base) Is Not Hispanic (1 = Yes, 0 = No) 0.879 0.326 0 1

Sex of reference person
Maleref Is male (1 = Yes, 0 = No) 0.468 0.499 0 1

Femaleref (Base) Is female (1 = Yes, 0 = No) 0.532 0.499 0 1
Education of the Head

Hschnod (Base) High school no degree (1 = Yes, 0 = No) 0.049 0.215 0 1
Somcollegnod Some college no degree (1 = Yes, 0 = No) 0.201 0.400 0 1

Highlyeducated College graduated (1 = Yes, 0 = No) 0.179 0.384 0 1
Housing Status
Studenthousing Is Student Housing (1 = Yes, 0 = No) 0.001 0.038 0 1

Houspay Housing is Not free (1 = Yes, 0 = No) 0.722 0.448 0 1
Nopayhous (Base) Free Housing (1 = Yes, 0 = No) 0.277 0.448 0 1

Dependent
Perslt18 Number people younger than 18 years old 0.507 0.997 0 9

SNAP participation
Snaprec SNAP participant (1 = Yes, 0 = No) 0.073 0.260 0 1

Notsnaprec (Base) Not SNAP participant (1 = Yes, 0 = No) 0.927 0.260 0 1

Because CPI is available monthly, we constructed a quarterly CPI for this study
for FAH including all food and FAFH by averaging the monthly CPI over each quarter.
From these quarterly CPI, we generated the corresponding price variable for every single
observation in our dataset. Using CPI as price variable is relevant for this study in the
sense that it captures the average changes over time in prices of fixed basket of goods and
services of constant quality and quantity for urban consumers. Moreover, CPI reflects the
spending pattern for all urban consumers and wage earners, spanning 93 percent of the
total U.S. population.

3.2. The Model
3.2.1. Identification Strategy

Related to econometric issues such as censored responses, truncated data, or sample
selection bias, zero expenditure is a concern characterized in empirical estimation of food
expenditure patterns, as intended in this study. Also known as limited dependent variable
issue, ignoring zero expenditure and estimating the expenditure function by a single
equation using ordinary least square (OLS) regression method results in potential bias
and inconsistency of the parameter estimates. To be precise, two issues can arise: sample
selection bias and censored observations, concerns encountered in this paper with the CEX
Diary data we employed. For instance, in the final sample, censored observations represent
9.05% for all-food subsample, 36.55% for FAFH subsample, and 16.70% concerning FAH
subsample. Fortunately, the econometric literature provides several methods to handle
these two concerns inherent with the estimation of food demand.

Among these models, three are widely used by economists: One is the Tobit model [31].
It is a single-equation model. The Tobit technique restricts the directional effects to be iden-
tical for the decision to consume along with the intensity of expenditure share. Additionally,
this model treats the choice to consume and the consumption-level decision as joint, thus
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providing a unique parameter estimate for both. Regardless of its weakness, Tobit is a
well-known method and appropriate to handle censored response issues. However, we do
not estimate the Tobit model in this paper for the need to distinguish between the decision
to consume and the level of consumption.

The double-hurdle model [32,33] is another model to handle zero expenditure problem.
Unlike the Tobit model, this method uses a double-equation model, which offers the
ability to estimate the parameter estimates separately for the decision to consume and the
consumption level decision. An alternative to the double-hurdle method is the Heckman
two-step model [34]. Suitable to data with sample selection issue, the Heckman two-step
technique is a double-equation model, which distinctly estimates the decision to consume
and the choice level. More importantly, this model corrects for sample selection bias and
provides consistent parameter estimates.

It urges to clarify the distinction between the double-hurdle and the Heckman two-step
models. From the standpoint of the first model, zero expenditure is due to consumers who
choose not to participate in the decision-making stage, same as those not spending during
the consumption stage due to some factors [32]. Oppositely, the second model considers
zero expenditure to occur predominantly during the selection stage, while positive expen-
diture is involved at the consumption step [34]. Otherwise stated, the Heckman two-step
model, unlike the double-hurdle model, assumes the quasi absence of zero expenditure
in the second stage once the first stage or selection step is passed. But the double-hurdle
considers the possibility of zero outcome in the participation stage. This article relies on
Heckman approach and believes that zero expenditure occurs only predominantly during
the selection stage. In addition, when inaccurate data source or self-retention justify the
presence of zero expenditure, the double-hurdle model is more recommended [35]. But
when zero consumption results from purchase infrequency, especially when the reference
period is short as weekly, the Box–Cox hurdle model is applied [36,37]. Because this paper
used quarterly data, we assume that purchase infrequency is not a major concern; also, our
CEX Diary data are exempt of any serious inaccuracy concerns. Therefore, we will only
estimate the Heckman two-step model to investigate the expenditure patterns for food
products under the context of price crisis.

Byrne et al. [27] and Zhao et al. [28], the same as Dettmann and Dimitri [30], used Heck-
man two-step as their empirical model to estimate expenditure patterns. Cheng et al. [29]
used it to estimate consumption of nuts in the U.S. Following Cheng et al. [29], but unlike
the previous studies [27,28,30], we added the price variable to the empirical model. We
assumed that the effect of price on the expenditure patterns could be evaluated separately
from other region-specific effects. The consumers can be expected to become more price
sensitive in the context of COVID-19 crisis [15].

Early in the data section, we have already showed the arguments supporting the
independent variables involved in our regression model. Further, the regressors success-
fully passed the test for variance inflation factor (VIF). Accordingly, the VIF for each of the
explanatory variables was less than 10, and all ratio 1/VIF were non-negative. The VIF test
served to establish that our empirical model is free of any multicollinearity issues. Table 2
presents the details of the VIF test.

Table 2. Variance inflation factor for multicollinearity diagnostic test.

(1) (2) (3) (4) (4) (5)

All Food FAFH FAH

Variable VIF 1/VIF VIF 1/VIF VIF 1/VIF

lnPriceFood 1.25 0.80
lnPriceFafh 1.01 0.99
lnPriceFah 1.72 0.58
lnIncome 1.51 0.66 1.51 0.66 1.51 0.66
lnHh_size 3.86 0.26 3.86 0.26 3.86 0.26
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Table 2. Cont.

(1) (2) (3) (4) (4) (5)

All Food FAFH FAH

Variable VIF 1/VIF VIF 1/VIF VIF 1/VIF

Northeast 1.45 0.69 1.45 0.69 1.45 0.69
South 1.68 0.59 1.68 0.59 1.68 0.59
West 1.71 0.59 1.71 0.59 1.71 0.59

Coldseas 1.25 0.80 1.02 0.98 1.73 0.58
Age 40 to 65 1.63 0.61 1.63 0.61 1.63 0.61
Age 65 and

above 2.06 0.49 2.06 0.49 2.06 0.49

Maried 1.67 0.60 1.67 0.60 1.67 0.60
Black 1.10 0.91 1.10 0.91 1.10 0.91
Asian 1.08 0.93 1.08 0.93 1.08 0.93

Hispanic 1.12 0.89 1.12 0.89 1.12 0.89
Maleref 1.04 0.96 1.04 0.96 1.04 0.96

Somcollegnod 1.08 0.93 1.08 0.93 1.08 0.93
Highlyeducated 1.15 0.87 1.15 0.87 1.15 0.87
Studenthousing 1.02 0.98 1.02 0.98 1.02 0.98

Houspay 1.24 0.81 1.24 0.81 1.24 0.81
lnPerslt18 2.82 0.36 2.82 0.36 2.82 0.36
Snaprec 1.14 0.88 1.14 0.86 1.14 0.86

Mean VIF 1.54 1.52 1.59

3.2.2. Heckman Two-Step Empirical Model

This article aimed to estimate the expenditure patterns of U.S. households while
they faced an exceptional price shock for food products. For this purpose, we assumed
that spending on food products was a two-step process decision. First, the consumer
decides whether to purchase food products. Second, the household decides the level of
spending share to be devoted to the chosen food products. In other words, this process
refers to a two-stage decision mechanism for the consumer. This mechanism connects
the first stage to a participation decision, while the second stage is associated with the
expenditure-level decision.

Following Heckman [34], the purchase decision for food products and the amount
spent on purchasing has been modeled through two separate regressions. In accordance
with the Heckman two-step approach, the first stage involves a Probit regression allowing
to access the probability of participation in food products consumption, while the second
stage employs an OLS regression to determine the level of expenditures on the food items.
By adopting a traditional Heckman two-step, the second stage estimation omitted all
zero observations for the dependent variable, for instance, expenditure on food or FAFH.
Table 3 reports the descriptive statistics for the subsamples of households with non-zero
expenditures on all food, FAFH, and FAH. However, a potential sample selection bias may
occur with the OLS regression while dropping the zero expenditures. To correct for the
sample selection bias, Heckman proposes the inverse Mills ratio, a specification derived
from the first stage and included in the second-stage estimation, which serves as instrument
for the omitted variables.

Also known as selection equation, the first stage of Heckman two-step is modeled
through a Probit method as presented in Equation (1).

Pr
{

purchase Food Products = 1
∣∣X′i} = X′iβ+ εi; with εi

∣∣X′i ∼ N(0, 1) (1)

Pr
{

purchase Food Products = 1
∣∣X′i} = ψ(X′iβ)

where purchase Food Products = 1 represents a household that bought food or FAFH,
Pr { . . . } is for probability, and i = 1, . . . . . . , N refers to all the households in the uncensored
sample. X′i corresponds to the vector of all the explanatory variables. Table 1 exhibits more
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details for all the explanatory variables included. β denotes the vector of the coefficients to
be estimated while εi is the error term.

Table 3. Descriptive statistics for subsamples of households with non-zero expenditures.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

All Food > 0 FAFH > 0 FAH > 0

Variable Obs. Mean S.D. Obs. Mean S.D. Obs. Mean S.D.

TotFood 9506 159.555 146.625 6632 182.632 154.473 8707 168.228 148.171
Foodaway 9506 49.915 77.711 6632 71.546 84.3111 8707 48.527 77.122
Foodhome 9506 109.640 112.792 6632 111.086 114.174 8707 119.701 112.628
PriceFood 9506 266.797 3.390 6632 266.556 3.495 8707 266.782 3.399
PriceFafh 9506 293.844 3.570 6632 293.724 3.628 8707 293.840 3.579
PriceFah 9506 249.588 3.754 6632 249.263 3.828 8707 249.566 3.760
Income 9506 92,862 83,645 6632 101,378 86,619 8707 93,621 83,847
Hh_size 9506 2.412 1.448 6632 2.483 1.428 8707 2.437 1.456

Northeast 9506 0.162 0.368 6632 0.146 0.353 8707 0.167 0.373
South 9506 0.295 0.456 6632 0.290 0.454 8707 0.289 0.453
West 9506 0.316 0.465 6632 0.326 0.469 8707 0.319 0.466

Midwest 9506 0.206 0.404 6632 0.217 0.412 8707 0.204 0.403
Coldseas 9506 0.584 0.493 6632 0.618 0.486 8707 0.589 0.492

Warmseas 9506 0.416 0.493 6632 0.382 0.486 8707 0.411 0.492
Age less 40 9506 0.257 0.437 6632 0.284 0.451 8707 0.247 0.431

Age 40 to 65 9506 0.445 0.497 6632 0.466 0.499 8707 0.449 0.497
Age 65 and above 9506 0.297 0.457 6632 0.250 0.433 8707 0.304 0.460

Maried 9506 0.544 0.498 6632 0.573 0.495 8707 0.554 0.497
Unmaried 9506 0.456 0.498 6632 0.427 0.495 8707 0.446 0.497

Black 9506 0.090 0.286 6632 0.082 0.274 8707 0.088 0.283
Asian 9506 0.073 0.260 6632 0.069 0.254 8707 0.073 0.261
Withe 9506 0.811 0.391 6632 0.820 0.385 8707 0.814 0.389

Hispanic 9506 0.123 0.328 6632 0.121 0.326 8707 0.122 0.328
NotHispanic 9506 0.877 0.328 6632 0.879 0.326 8707 0.878 0.328

Maleref 9506 0.472 0.499 6632 0.490 0.500 8707 0.468 0.499
Femaleref 9506 0.528 0.499 6632 0.510 0.500 8707 0.532 0.499
Hschnod 9506 0.046 0.210 6632 0.037 0.190 8707 0.046 0.209

Somcollegnod 9506 0.198 0.399 6632 0.203 0.402 8707 0.194 0.395
Highlyeducated 9506 0.184 0.388 6632 0.194 0.395 8707 0.188 0.390
Studenthousing 9506 0.002 0.040 6632 0.002 0.044 8707 0.001 0.028

Houspay 9506 0.721 0.449 6632 0.740 0.438 8707 0.716 0.451
Nopayhous 9506 0.278 0.448 6632 0.258 0.437 8707 0.283 0.451

Perslt18 9506 0.514 1.002 6632 0.546 1.000 8707 0.520 1.011
Snaprec 9506 0.067 0.251 6632 0.051 0.220 8707 0.067 0.251

Notsnaprec 9506 0.933 0.251 6632 0.949 0.220 8707 0.933 0.251

Estimated from the Probit regression, the inverse Mills ratio connects the partici-
pation decision and the expenditure-level decision. The ratio is computed as presented
in Equation (2).

Millsi =
Ω
(
X′iβ

)
ψ
(
X′iβ

) (2)

where Millsi is the inverse Mills ratio calculated for every single consumer unit. Ω corre-
sponds to the density function, and ψ refers to the cumulative distribution function of the
normal distribution.

It follows that the second stage or outcome equation of Heckman procedure is modeled
with an OLS regression as presented in Equation (3).

SPENDi = X′iα+ miλ+ µi (3)
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where SPENDi corresponds to the amount spent by the household to purchase food product.
mi is the inverse Mills ratio and λ is its equivalent parameter estimate. X′i represents the
same explanatory variables included in the Probit regression, except the variable housing
status dummies that was excluded to account for the exigence to restrict at least one variable
between the first and second stage of Heckman two-step estimation method. α is a vector
of the estimated expenditure coefficients. Finally, µi is the error term regarding the outcome
equation. We estimate the above-exposed Heckman model through the two-step command
of STATA that allows us to estimate simultaneously both the Probit and the OLS regression.

Equation (4) reports the conditional marginal effects formula, while Equation (5)
presents the conditional elasticity formula.

∂E[SPEND i | SPEND i > 0]
∂xi

= α+ λ ·∂m̂i

∂xi
(4)

where [SPEND i | SPEND i > 0] refers to the conditional expectation function from the
second stage, Equation (3). ∂m̂i

∂xi
is the partial derivative of the inverse Mills ratio with

respect to xi, any explanatory variable used in both stages of the model.

Condtitional Elasticityxi
=

(
α+ λ ·∂m̂i

∂xi

)
· xi

SPENDi
(5)

4. Results

In this paper, using the Heckman two-step model, we estimate the expenditure pat-
terns of U.S. households while they experience a unique price shock for all food prod-
ucts. The following sections expose the results obtained through the Probit and the
OLS regressions.

4.1. Households’ Likelihood to Spend on Food Products

When challenged by a price shock, the households firstly decide whether to purchase
food products. Accounting for a situation of a price surge, we estimate the factors that
determine the propensity of the U.S. consumer units to simply buy or not buy any food
products but also to spend or not spend on FAFH. The first stage of the Heckman model
serves to elucidate the direction of the likelihood to spend on food, all kind included, or
just FAFH. Yet, except for the direction, the magnitudes obtained from the participation
stage are meaningless. For this reason, we computed the conditional marginal effects to
capture more precision about the parameters.

4.1.1. Likelihood to Purchase Food including Food at Home

The findings from the participation stage, column 1 of Table 4, highlight that price has a
significantly negative effect associated with the likelihood to purchase food. The conditional
marginal effect on price indicates that the households have a decreasing tendency to
purchase food, all kind included, when prices rise. Income before tax exhibits a significant
positive relationship with the propensity to buy food. For the sampled consumer units, the
conditional marginal effect stresses that an increase in income is associated with a higher
propensity to buy food. This is consistent with Byrne et al. [19] who found a positive
relationship between income and the likelihood to purchase food. But participating in
SNAP had a significantly negative link with the likelihood to purchase food. The estimated
results suggest that the households which earn a low income and benefit from SNAP are
less likely to buy food compared to those that are not SNAP participants. A statistically
significant regional difference occurs in the likelihood to consume food. Compared to the
households living in the Midwest region, those residing in the Southern region of the U.S.
were less likely to acquire food through the market. However, the findings from our sample
suggested that living either in the Northeast or in the Western region had no significant
link with the propensity to purchase food.
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Table 4. Heckman two-step estimation results.

(1) (2) (3) (4) (5) (6)

All Food FAFH FAH

Variable Probit OLS Probit OLS Probit OLS

lnPriceFood −1.238 *** −898.628
(0.256) (664.021)

lnPriceFafh −2.156 *** −845.738 ***
(0.376) (318.924)

lnPriceFah −1.210 ***
(0.320)

279.866 **
(134.062)

lnIncome 0.012 *** 31.050 *** 0.052 *** 30.001 *** 0.009 ** 11.927 ***
(0.003) (7.807) (0.005) (7.371) (0.004) (1.482)

lnHhsize 0.008 99.438 *** 0.007 27.130 ** 0.080 *** 80.088 ***
(0.014) (23.973) (0.023) (11.910) (0.019) (8.532)

Northeast 0.009 25.912 * −0.089 *** −20.478 0.042 *** 20.621 ***
(0.01) (15.685) (0.015) (13.345) (0.012) (4.800)

South −0.027 *** −18.992 −0.054 *** −11.637 −0.041 *** −0.656
(0.008) (18.240) (0.013) (9.164) (0.010) (4.602)

West 0.003 28.805 ** −0.010 8.407 0.0135 21.200 ***
(0.008) (12.977) (0.013) (6.501) (0.010) (3.359)

Coldseas 0.023 *** 32.954 ** 0.110 *** 46.483 *** 0.029 *** 8.345 **
(0.006) (15.104) (0.009) (14.570) (0.009) (3.824)

Age 40 to 65 0.006 15.699 −0.037 *** −14.960 ** 0.037 *** 17.313 ***
(0.007) (12.014) (0.012) (7.490) (0.009) (4.277)

Age 65 and above 0.005 −1.605 −0.140 *** −54.820 *** 0.055 *** 8.893
(0.009) (13.987) (0.014) (19.376) (0.011) (6.100)

Maried 0.033 *** 44.477 ** 0.054 *** 20.579 ** 0.038 *** 18.503 ***
(0.007) (19.151) (0.012) (8.874) (0.009) (4.225)

Black −0.023 *** −40.972 * −0.051 *** −19.188 * −0.030 ** −17.923 ***
(0.009) (21.480) (0.016) (10.834) (0.012) (4.988)

Asian −0.002 −13.472 −0.079 *** −22.904 * −0.008 −8.414 *
(0.012) (18.451) (0.018) (13.421) (0.015) (4.618)

Hispanic 0.020 ** −5.135 −0.007 −5.107 0.014 −15.781 ***
(0.009) (17.513) (0.015) (7.534) (0.012) (3.859)

Maleref −0.001 −2.458 0.018 ** 6.122 −0.012 −3.157
(0.006) (9.418) (0.009) (5.243) (0.007) (2.565)

Somcollegnod −0.004 −10.646 0.022 * 6.318 −0.020 ** −8.645 **
(0.007) (12.084) (0.012) (6.638) (0.009) (3.387)

Highlyeducated 0.019 ** 40.617 *** 0.031 ** 19.619 *** 0.033 *** 20.665 ***
(0.008) (15.118) (0.013) (7.315) (0.011) (3.968)

lnPerslt18 −0.002 −4.026 −0.016 −5.456 −0.026 ** 0.009
(0.010) (16.300) (0.016) (8.261) (0.013) (4.476)

Snaprec −0.031 *** −39.874 −0.110 *** −51.324 *** −0.028 ** −0.427
(0.010) (26.505) (0.018) (18.422) (0.014) (5.481)

Houspay −0.006 - 0.003 - −0.017 * -
(0.007) (0.011) (0.009)

Studenthousing 0.787 - 0.260 * - −0.218 *** -
(0.018) (0.143) (0.079)

Lambda (λ) 464.069 * 212.855 *** 56.742
(278.021) (81.447) (50.840)

Constant 4591 4378 ** −1698 **
(3609) (1715) (718.419)

Observations 10,453 9506 10,453 6632 10,453 8707

Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. Note: conditional marginal effects reported for all
Probit columns.

Our results pointed out that marital status, education level, seasonal trend, race, and
ethnicity showed a significant effect on the probability to purchase food. It follows that
the married had more tendency than the unmarried to purchase food. Compared to the
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household headed by someone who attended high school but without graduating, those
headed by highly educated people, a bachelor’s, master’s, or Ph.D. holder, were more likely
to buy food. Spending on food more likely occurred during the first and fourth quarters, i.e.,
the cold season, than during the warm season. A household headed by a Black individual
was less likely to purchase food. Compared to non-Hispanic people, a household led by a
Hispanic person was significantly more likely to purchase food. However, the variables
such as household size, age of the reference person in the household, sex of the reference
person, number of dependents younger than 18 years old, and housing status, each of them
separately taken, had a statistically insignificant effect on the likelihood to purchase food
according to the sample analyzed. Relatively, these findings emphasized that price affected
the likelihood to purchase food more than all the other variables.

4.1.2. Likelihood to Buy Food Away from Home

From the participation stage, column 3 of Table 4, the sample results stress that price
had a significantly negative relationship with the likelihood to buy FAFH. The conditional
marginal effect on price signals that the households had a decreasing propensity to purchase
FAFH when prices surged. Income before tax exhibited a significant positive relationship
with the likelihood to buy FAFH. The conditional marginal effect stressed that an increase in
income is associated with a higher propensity to buy FAFH. But participating in SNAP had
a significantly negative association with the likelihood to purchase FAFH. The households
which earned a low income and benefited from SNAP were less likely to buy FAFH relative
to those who did not use SNAP. The findings demonstrated a statistically significant
regional difference in the likelihood to consume FAFH. The households, whether they were
in the Northeast or in the South, were less likely to purchase FAFH relative to those in the
Midwest region. Results from our sample suggested that living in the Western region had
no significant relationship with the likelihood to purchase FAFH.

Our findings suggested age, marital status, education level, seasonal trend, race, sex
of the reference person, and housing status showed a significant effect on the probability
to consume FAFH. Households headed by a person between 40 and 65 years old were
more likely to purchase FAFH relative to those headed by a person younger than 40 years
old. The consumer units led by a married person had more tendency than those led by an
unmarried individual to purchase FAFH. The consumer units headed by highly educated
people, i.e., bachelor’s, master’s, or Ph.D. holders, were more likely to buy FAFH compared
to those headed by someone who attended high school with no degree. Spending on FAFH
more likely occurred during the cold season than during the warm season, i.e., the second
and third quarters. When the household was headed either by a Black person or an Asian
person, the consumer unit was less likely to purchase FAFH. The households led by a
male were more likely to consume FAFH than those led by a female. Also, a reference
person residing in student housing was more likely to buy FAFH. Yet, the variables such
as household size, ethnicity, and number of dependents having an age less than 18 years
old, each of them separately taken, did not have a statistically significant effect on the
likelihood to purchase food according to the sample analyzed. Results highlighted that,
relatively, price affected the likelihood to purchase FAFH more than all the other variables
in the model.

4.2. Intensity of Household Expenditures on Food Products

When challenged by a price surge, after deciding whether to purchase food products in
a first step, the households decided in a second step how much to spend on the chosen food
products. Under a situation of high price shock, we estimated the factors that determined
the amount that the U.S. households spent on any chosen food product. The second stage
of the Heckman model served to measure the intensity of the expenditure share on food,
all kind included, and FAFH.
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4.2.1. Intensity of Expenditures on All Food

From the expenditure stage, column 2 of Table 4, our estimated results suggested
that price had no significant effect on the expenditure shares on food products in general.
For instance, price determined the likelihood to purchase food but insignificantly affected
the amount spent on food product in this special situation of a price crisis. Our sample
results pointed out that as income or size increased, holding everything else constant, the
households consistently spent more on food products. Findings also suggested a regional
difference in expenditures for food by the households. Compared to the households in
the Midwest, the households in the Northeast and West consistently spent less on food in
general. Relative to the warm season, i.e., the second and third quarters, the cold season
was associated with significantly more expenditures on food. Consistently, expenditures
on food products for households headed by highly educated people were higher than
food expenditures for a household led by a person who attended only high school with
no degree. Married couples significantly spent more on food than unmarried people.
The findings suggested a racial difference because Black people consistently spent less
on food than White people. The remaining variables did not have a significant effect on
the intensity of the amount a consumer unit spends on food for this unique situation of a
market price crisis.

4.2.2. Food Away from Home Expenditure

As shown in Table 4, our estimated results established that price had a significant effect
on the expenditure devoted to FAFH. Price significantly determines not only the likelihood
to purchase FAFH but also the amount spent on the FAFH under this circumstance of
a price crisis experienced by the households included in the sample analyzed. A price
increase, holding everything else constant, implied a significant decrease in household ex-
penditures on FAFH. Our finding contrasts with results from Capps [26], using a quadratic
expenditure model, that increases in price, i.e., CPI as in this paper, led to concomitant
increases in household expenditures on fish and shellfish. But fish products and FAFH
may exhibit some distinct qualities related to unobserved heterogeneity that the consumers
interpret differently.

Our findings indicated that as incomes increased, holding everything else constant, the
households consistently spent more on FAFH. Compared to the households that were not
SNAP beneficiaries, the participant households consistently spent less on FAFH. Obviously,
a SNAP voucher does not allow for buying FAFH. Once the household had decided to
consume FAFH, our results suggest an absence in regional difference in the amount spent
on FAFH. Compared to the warm season, the cold season, for instance, the first and fourth
quarters, is associated with significantly more expenditure on FAFH. Expenditures on
FAFH for a household headed by a highly educated person were consistently higher than
FAFH expenditures by a household led by a person with lower education or no degree.
Married people significantly spent more on FAFH than unmarried people. Households with
a person whose age is more than 40 years old consistently spent less on FAFH compared to
a household headed by a person younger than 40 years old. The findings suggest a racial
difference because Black people and Asian people consistently spent less on FAFH than
White people, but Asian people spent relatively less on FAFH compared to Black people.
The remaining variables did not have a significant effect on the intensity of the amount a
household devotes to FAFH in general.

4.3. Conditional Expenditure Elasticities

Table 5 presents the conditional expenditure elasticity of price, income, and size on
the probability to consume food in general (which includes FAH) or FAFH. Consistent
with the inelastic nature of food products, conditional expenditure elasticities of income
were less than one for food in general and FAFH, specifically. Holding everything else
constant, a 10% increase in income was associated with a 1.4% increase in the probability to
purchase food (including FAH) and a 9.6% increase in the propensity to spend on FAFH.
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But relative to price, both food and FAFH represent elastic goods in this unique situation
of a price shock. A 1% increase in own price implies a 7.78% decrease in the probability
to spend on all food and a 20.93% decrease in the propensity to purchase FAFH. This is
consistent with Saksena et al. [6] who showed that the price effect generally caused the
quantity of FAFH demanded to decline, depending on the degree of price elasticity. While
the conditional elasticities of price and income were all statistically significant at the 1%
level, our sample results demonstrated that the conditional elasticities of household size
and number of dependents younger than 18 years old were statistically insignificant.

Table 5. Conditional expenditure elasticities.

(1) (2) (3)

Type All Food FAFH FAH

Own price elasticity −7.778 ***
(1.619)

Own price elasticity −20.930 ***
(3.682)

Own price elasticity −8.280 ***
(2.200)

Income elasticity 0.141 ***
(0.034)

0.956 ***
(0.090)

0.122 **
(0.051)

Household size elasticity 0.010 0.012 0.107 ***
(0.017) (0.043) (0.025)

Number of dependents younger than 18 years old elasticity −0.001
(0.003)

−0.006
(0.006)

−0.008 *
(0.004)

Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

5. Discussion, Conclusions, and Policy Implications

The goal of this study was to understand the factors that determined U.S. household
expenditure patterns for food products in the context of the exceptional price shocks due to
the COVID-19 pandemic. For this purpose, our analysis relied on the Consumer Expen-
diture Diary Survey (CEX) for the year 2020. In this study, the household or consumer
unit represented the unit of observation, and total food expenditures, spending on FAFH,
in addition to FAH expenses were investigated. With a sample size of 10,453 observa-
tions, the empirical estimation of the Heckman two-step model provided the following
interesting results:

First, the Wald Chi-squared tests were statistically significant at the 1% level for
each of the three food products. This suggests the existence of the sample selection bias.
Because sample selection bias was present, the adoption of the Heckman selection model
was justified. Second, except FAH, the estimated Mills ratio coefficient was statistically
significant at the 1% level for FAFH and at the 10% level for all food including FAH. For
these two late cases, our results establish that the selection bias was appropriately corrected.
Such an argument also justifies why our analysis less involves the estimated results which
are relative to FAH. Nonetheless, our model produced consistent and asymptotically
efficient estimates for all the parameters regarding all food and FAFH. We could not
estimate the expenditure levels and obtain the results without first accounting for the
decision to purchase food products. Consistent with Chenarides et al. [4], taken separately,
major FAH groups were less influenced by the price crisis.

Third, consistent with Byrne et al. [27], we found a positive relationship between
income and the likelihood to purchase all food (including FAH). But participating in SNAP
had a significant negative link with the likelihood to purchase food. Fourth, relatively
more than all the other variables, price affected the likelihood to buy food but also the
propensity to consume FAFH. Fifth, price determined the likelihood to acquire food, but
for the amount spent on the food products in the particular situation of a price crisis,
the estimation was statistically insignificant. Oppositely, for FAFH, price significantly
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determined the probability to purchase, the same as the amount devoted to purchase in
this unique situation of a price crisis experienced by households in our sample. Sixth,
consistent with the inelastic nature of food products, conditional expenditure elasticities
of income were less than one for both food, in general, and FAFH, specifically. Holding
everything else constant, a 10% increase in income was associated with a 1.4% increase in
the probability to purchase food and a 9.6% increase in the propensity to spend on FAFH.
Seventh, relative to price, both food and FAFH were exemplified to be elastic goods in this
special situation of a price shock. A 1% increase in own price implied a 7.78% decrease in
the probability to spend on food including FAH and a 20.93% decrease in the propensity to
purchase FAFH. Price effects generally caused the quantity of FAFH demand to decline [6]
more drastically than the demand quantity of all food.

Given that our results shed light on the characteristics of food products consumers in
terms of their socio-demographic traits and location, key economics characteristics same
as the inherent seasonal heterogeneity in a situation of a price crisis, business managers
and marketing experts may find some key elements to elaborate their pricing strategy.
Food policy-makers can find rigorous indicators to identify and assist the households that
might be experiencing disparities in food access because of the market price upsurge. One
limitation of this article ties with the impossibilities to produce evidence on the substitution
and complementarity links between FAFH and FAH. The econometric model that we
estimated does not permit it. Future research may extend on this avenue by estimating an
appropriate complete demand model to exemplify such missing evidence from the present
article. Future research may also consider online food shopping to further investigate this
problem of U.S. household food demand in a context of an exceptional price shock.

Author Contributions: C.O.C. has the main responsibility in this manuscript. He has collected the
data, estimated the model, and drafted the manuscript. S.H.S. has contributed to this paper by
revising the draft manuscript and providing guidance on the methodology and literature review. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are available upon request.

Acknowledgments: The authors thank the reviewers and editors for their hardwork. Sayed H.
Saghaian acknowledges the support from the United States Department of Agriculture, National
Institute of Food and Agriculture, Hatch project No. KY004052, under accession number 1012994.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bureau of Labor Statistics. Consumer Price Index February 2022. News Release, Monthly Bulletin. Available online: www.bls.gov/

cpi (accessed on 24 February 2022).
2. U.S. Department of Agriculture. Food Price and Spending. Ag and Food Statistics: Charting the Essentials. Economic Research

Service. 2021. Available online: https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/food-
prices-and-spending/ (accessed on 30 December 2021).

3. Bitler, M.P.; Hoynes, H.W.; Schanzenbach, D.W. The Social Safety Net in the Wake of COVID-19. In Brookings Papers on Economic
Activity; Brooking’s Institution: Washington, DC, USA, 2020.

4. Chenarides, L.; Grebitus, C.; Lusk, J.L.; Printezis, I. Food Consumption Behavior during the COVID-19 Pandemic. Agribusiness
2021, 37, 44–81. [CrossRef] [PubMed]

5. Zeballos, E.; Sinclair, W.; Park, T. Understanding the Components of U.S. Food Expenditures During Recessionary and Non-
Recessionary Periods. U.S. Department of Agriculture. Economic Research Service, 2021. ERR-301. Available online: https:
//www.ers.usda.gov/webdocs/publications/102477/err-301.pdf?v=9164 (accessed on 2 May 2022).

6. Saksena, M.J.; Okrent, A.M.; Anekwe, T.D.; Cho, C.; Dicken, C.; Effland, A.; Elitzak, H.; Guthrie, J.; Hamrick, K.S.; Hyman, J.; et al.
America’s Eating Habits: Food Away from Home. U.S. Department of Agriculture. Economic Research Service, September 2018.
EIB-196. Available online: https://www.ers.usda.gov/webdocs/publications/90228/eib-196.pdf (accessed on 2 May 2022).

www.bls.gov/cpi
www.bls.gov/cpi
https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/food-prices-and-spending/
https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/food-prices-and-spending/
http://doi.org/10.1002/agr.21679
http://www.ncbi.nlm.nih.gov/pubmed/33362340
https://www.ers.usda.gov/webdocs/publications/102477/err-301.pdf?v=9164
https://www.ers.usda.gov/webdocs/publications/102477/err-301.pdf?v=9164
https://www.ers.usda.gov/webdocs/publications/90228/eib-196.pdf


Sustainability 2022, 14, 8156 16 of 17

7. Hirvonen, K.; de Brauw, A.; Abate, G.T. Food consumption and food security during the COVID-19 pandemic in Addis Ababa.
Am. J. Agric. Econ. 2021, 103, 772–789. [CrossRef] [PubMed]

8. Bozoglu, M.; Bilgic, A.; Yen, S.Y.; Huang, C.L. Household food expenditures at home and away from home in Turkey. Selected
Paper. In Proceedings of the Agricultural & Applied Economics Association’s Annual Meeting, Washington DC, USA, 4–6
August 2013.

9. Richards, T.J.; Mancino, L. Demand for food-away-from-home: A multiple-discrete–Continuous extreme value model. Eur. Rev.
Agric. Econ. 2014, 41, 111–133. [CrossRef]

10. Amoakon, J.F.; Ejimakor, G.; Hardy, D. Exploring the Food Expenditure Patterns of College Students. Selected Poster. In
Proceedings of the Southern Agricultural Economics Association’s Annual Meeting, San Antonio, TX, USA, 6–9 February 2016.

11. Liu, H.; Wahl, T.I.; Seale, J.L.; Bai, J. Household Composition and Food Away from Home Expenditures in Urban China.
Selected Paper. In Proceedings of the Agricultural & Applied Economics Association’s Annual Meeting, Seattle, WA, USA, 12–14
August 2012.

12. Parum, F.; Dharmasena, S.U.S. Consumers’ Intake of Food at Home and Food Away from Home as a Complex Economic System.
J. Food Distrib. Res. 2021, 52, 77–85.

13. Ogunmodede, A.M.; Omonona, B.T. Food as medicine: Food consumption patterns and reported illnesses among households.
Rev. Agric. Appl. Econ. 2020, 23, 81–91. [CrossRef]

14. Sinha, S.; Laha, A. Food Price Shocks and the Changing Pattern of Consumption Expenditure across Decile Classes in Rural and
Urban India: A Difference-in-Difference Analysis. Stud. Agric. Econ. 2019, 121, 151–160. [CrossRef]

15. Hobbs, J.E. Food supply chains during the COVID-19 pandemic. Can. J. Agric. Econ. 2020, 68, 171–176. [CrossRef]
16. Ellison, B.; McFadden, B.; Rickard, B.J.; Wilson, N.L.W. Examining Food Purchase Behavior and Food Values during the COVID-19

Pandemic. Appl. Econ. Perspect. Policy 2021, 43, 58–72. [CrossRef]
17. Chang, H.; Meyerhoefer, C.D. COVID-19 and the Demand for Online Food Shopping Services: Empirical Evidence from Taiwan.

Am. J. Agric. Econ. 2020, 103, 448–465. [CrossRef]
18. Alesina, A.; La Ferrara, E. Ethnic Diversity and Economic Performance. J. Econ. Lit. 2005, 43, 762–800. [CrossRef]
19. Chetty, R.; Hendren, N.; Jones, M.R.; Porter, S.R. Race and Economic Opportunity in the United States: An Intergenerational

Perspective. NBER Working Paper. 2019. Available online: https://academic.oup.com/qje/article/135/2/711/5687353 (accessed
on 2 May 2022).

20. Dunn, C.G.; Katie, J.; Gao, K.J.; Mark, J.; Soto, M.J.; Bleich, S.N. Disparities in Adult Fast-Food Consumption in the U.S. by Race
and Ethnicity, National Health and Nutrition Examination Survey 2017−2018. Am. J. Prev. Med. 2021, 61. [CrossRef] [PubMed]

21. Xu, J.J.; Chen, J.T.; Belin, T.R.; Brookmeyer, R.S.; Suchard, M.A.; Ramirez, C.M. Racial and Ethnic Disparities in Years of Potential
Life Lost Attributable to COVID-19 in the United States: An Analysis of 45 States and the District of Columbia. Int. J. Environ. Res.
Public Health 2021, 18, 2921. [CrossRef] [PubMed]

22. Deaton, A.; Muellbauer, J. Economics and Consumer Behavior; Cambridge University Press: Cambridge, UK, 1980.
23. Reiss, P.C.; White, M.W. What Change Energy Consumption? Prices and Public Pressures. RAND J. Econ. 2008, 39, 636–663.

[CrossRef]
24. Bauer, L.; Pitts, A.; Ruffini, K.; Shanzenbach, D.W. The Effect of Pandemic EBT on Measures of Food Hardship. The Hamilton

Project 2020, Economics Analysis. Available online: https://www.hamiltonproject.org/papers/the_effect_of_pandemic_ebt_on_
measures_of_food_hardship (accessed on 2 May 2022).

25. Garner, T.I.; Safir, A.; Schild, J. Change in Consumer Behaviors and Financial Well-Being during the Coronavirus Pandemic:
Results from the U.S Household Pulse Survey. Monthly Labor Review 2020, U.S. Bureau of Labor Statistics. Available
online: https://www.bls.gov/opub/mlr/2020/article/changes-in-consumer-behaviors-and-financial-well-being-during-the-
coronavirus-pandemic.htm (accessed on 1 October 2020).

26. Capps, O., Jr. Consumer Expenditure Patterns for Fish and Shellfish. Mar. Fish. Rev. 1982, 44, 1–6.
27. Byrne, P.J.; Capps, O., Jr.; Saha, A. Analysis of Food-Away-From-Home Expenditure Patterns for U.S. Households, 1982–1989.

Am. J. Agric. Econ. 1996, 78, 614–627. [CrossRef]
28. Zhao, S.; Yue, C.; Meyer, M.; Hall, C.R. Factor Affecting U.S. Consumer Expenditures of Fresh Flowers and Potted Plants.

HortTechnology 2016, 26, 484–492. [CrossRef]
29. Cheng, G.; Capps, O.; Dharmasena, S. Demand Analysis of Peanuts and Tree Nuts in the United States: A micro-perspective.

Int. Food Agribus. Manag. Rev. 2021, 24, 523–544. [CrossRef]
30. Dettmann, R.; Dimitri, C. Who’s Buying Organic Vegetables? Demographic Characteristics of U.S. Consumers. J. Food Prod. Mark.

2010, 16, 79–91. [CrossRef]
31. Tobin, J. Estimation of relationships for limited dependent variables. Econometrica 1958, 26, 24–26. [CrossRef]
32. Cragg, J.G. Some Statistical Models for Limited Dependent Variables with Applications to the Demand for Durable Goods.

Econometrica 1971, 39, 829–844. [CrossRef]
33. Atkinson, A.B.; Gomulka, J.; Stern, N.H. Household Expenditure on Tobacco 1970-1980: Evidence from the Family Expenditure

Survey. ESRC Program on Taxation, Incentives, and Distribution of Income. London School of Economics 1984, Discussion Paper
No. 60. Available online: https://www.worldcat.org/title/household-expenditure-on-tobacco-1970-1980-evidence-from-the-
family-expenditure-survey/oclc/314619299 (accessed on 2 May 2022).

34. Heckman, J.J. Sample Selection Bias as a specification Error. Econometrica 1979, 47, 153–161. [CrossRef]

http://doi.org/10.1111/ajae.12206
http://www.ncbi.nlm.nih.gov/pubmed/33821007
http://doi.org/10.1093/erae/jbt008
http://doi.org/10.15414/raae.2020.23.02.81-91
http://doi.org/10.7896/j.1911
http://doi.org/10.1111/cjag.12237
http://doi.org/10.1002/aepp.13118
http://doi.org/10.1111/ajae.12170
http://doi.org/10.1257/002205105774431243
https://academic.oup.com/qje/article/135/2/711/5687353
http://doi.org/10.1016/j.amepre.2021.01.043
http://www.ncbi.nlm.nih.gov/pubmed/34412945
http://doi.org/10.3390/ijerph18062921
http://www.ncbi.nlm.nih.gov/pubmed/33809240
http://doi.org/10.1111/j.1756-2171.2008.00032.x
https://www.hamiltonproject.org/papers/the_effect_of_pandemic_ebt_on_measures_of_food_hardship
https://www.hamiltonproject.org/papers/the_effect_of_pandemic_ebt_on_measures_of_food_hardship
https://www.bls.gov/opub/mlr/2020/article/changes-in-consumer-behaviors-and-financial-well-being-during-the-coronavirus-pandemic.htm
https://www.bls.gov/opub/mlr/2020/article/changes-in-consumer-behaviors-and-financial-well-being-during-the-coronavirus-pandemic.htm
http://doi.org/10.2307/1243279
http://doi.org/10.21273/HORTTECH.26.4.484
http://doi.org/10.22434/IFAMR2020.0090
http://doi.org/10.1080/10454440903415709
http://doi.org/10.2307/1907382
http://doi.org/10.2307/1909582
https://www.worldcat.org/title/household-expenditure-on-tobacco-1970-1980-evidence-from-the-family-expenditure-survey/oclc/314619299
https://www.worldcat.org/title/household-expenditure-on-tobacco-1970-1980-evidence-from-the-family-expenditure-survey/oclc/314619299
http://doi.org/10.2307/1912352


Sustainability 2022, 14, 8156 17 of 17

35. Ogundari, K.; Arifalo, S.F. Determinants of Household Demand for Fresh Fruit and Vegetable in Nigeria: A double hurdle
approach. Quart. J. Int. Agric. 2013, 52, 199–216.

36. Yen, S.T.; Jones, A. Individual Cigarette Consumption and Addiction: A flexible limited dependent variable approach. Health
Econ. 1996, 5, 105–117. [CrossRef]

37. Shonkwiler, J.; Yen, S. Two-step Estimation of a Censored System of Equations. Am. J. Agric. Econ. 1999, 81, 972–982. [CrossRef]

http://doi.org/10.1002/(SICI)1099-1050(199603)5:2&lt;105::AID-HEC188&gt;3.0.CO;2-I
http://doi.org/10.2307/1244339

	Introduction 
	Related Literature 
	Materials and Methods 
	Data Description 
	The Model 
	Identification Strategy 
	Heckman Two-Step Empirical Model 


	Results 
	Households’ Likelihood to Spend on Food Products 
	Likelihood to Purchase Food including Food at Home 
	Likelihood to Buy Food Away from Home 

	Intensity of Household Expenditures on Food Products 
	Intensity of Expenditures on All Food 
	Food Away from Home Expenditure 

	Conditional Expenditure Elasticities 

	Discussion, Conclusions, and Policy Implications 
	References

