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ABSTRACT

AN EXAMINATION OF HEALTHY FOOD SUPPLY AND DEMAND IN AMERICA’S
LOW-INCOME COMMUNITIES

By
Marie Edith Steele-Adjognon

Trends in the over consumption of unhealthy foods paired with the under consumption of
healthy foods have, in part, led to the current American obesity epidemic. Poor food consumption
behavior trends are partly driven by market failures within the food industry. In order to efficiently
address these market failures and the obesity crisis, the source of the market failure must be
acknowledged and attended to, whether it be the supply side or the demand side or both. The goal
of my dissertation is to provide a deeper understanding of low-income US consumers’ access to
and demand for healthy food in an attempt to help combat the increasing obesity rates in America.
Contributing to this goal, my dissertation contains three chapters.

The first chapter models a supermarket chain’s decision making process to determine the
conditions under which a supermarket chain would enter a food desert, and how interventions and
incentives could influence entry. To meet this objective, a game theoretical model is developed.
The model shows that supermarket entry will occur once investment costs and marginal costs are
low enough for the firms to make positive profits. However, this model also reveals two nuances
for initiatives to consider. First, policy interventions do not need to completely subsidize marginal
costs. Second, without urgency attached to cost saving initiatives, supermarket chains will continue
to wait to follow other supermarket chains into the food desert to avoid facing demand uncertainty.

Demand uncertainty, is further explored in chapters 2 and 3 which analyze the receipt
scanner data from an independent supermarket in a predominantly low-income, urban community

of Detroit, Michigan with a majority of its customers classified as food desert residents.



The second chapter explores fruit and vegetable demand from the perspective of color,
since different colored fruits and vegetables are associated with different health benefits. This
novel modified two stage Quadratic Almost Ideal Demand System analysis of fruit and vegetable
demand shows that most of the prices and customer shopping behaviors affect the different color
purchase decisions. Each color class responds negatively to its own price and positively to fruit
and vegetable expenditure increases. The fruit (vegetable) colors are generally complementary to
other fruit (vegetable) colors and substitutes to the vegetable (fruit) colors. The elasticities suggest
that policy interventions aimed at encouraging diverse fruit and vegetable colors should focus on
expenditure based incentives rather than price based incentives and that supermarket chain
managers should focus their price discounts on the fruits and vegetables within the yellow/orange
fruit and red/blue/purple vegetable classes for the greatest increase in produce profits.

The final chapter offers an evaluation of the nutrition intervention Double Up Food Bucks.
To encourage the consumption of more fresh fruits and vegetables, this program provided
Supplemental Nutrition Assistance Program beneficiaries who spent $10 on fresh fruits and
vegetables, in one transaction, with a $10 gift card exclusively for Michigan grown fruits and
vegetables. This study analyzes how fruit and vegetable purchase behaviors were affected by the
initiation and conclusion, as well as any persistent effects, of the program, using a difference in
difference fixed effects estimation strategy. Participation is low; however, the program increased
vegetable expenditures, fruit and vegetable expenditure shares, and the variety of fruits and
vegetables purchased during its implementation, but the effects are modest and not sustainable
without the financial incentive.

Together, these essays shed light on important considerations for initiatives aimed at

improving nutrition and health in urban food deserts.
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INTRODUCTION

Trends in the over consumption of unhealthy foods paired with the under consumption of
healthy foods have, in part, led to the current American obesity epidemic. High obesity rates lead
to high incidence rates of chronic diseases, high healthcare costs and high premature death and
disability rates. Poor food consumption behavior trends are partly driven by market failures within
the food industry. In order to efficiently address these market failures and the obesity crisis, the
source of the market failure must be acknowledged and attended to, whether it be the supply side
or the demand side or both. Though the association between the low demand and the low supply
of healthy foods in low income communities is evident, it is unclear whether the lack of supply is
causing low demand or if low demand is causing lack of supply. If the supply side is the source
(e.g. operational costs too high to be profitable), then business financial incentives offered to the
supermarket chains to incentivize entry are a viable solution. However, if market failure exists on
the demand side (e.g. lack of nutrition education or financial resources), then nutrition education
interventions and/or the Supplemental Nutrition Assistance Program benefit policies need to be
adjusted. The goal of my dissertation is to provide a deeper understanding of low-income US
consumers’ access to and demand for healthy food in an attempt to help combat the increasing
obesity rates in America. Contributing to this goal, my dissertation contains three chapters.

The first chapter, titled “A Theoretical Approach to Supermarket Chain Investment in
Urban Food Deserts”, explores supermarket entry decisions into an urban food desert. Over the
past 30 years, food retail environments have changed, from many small grocery stores widely
dispersed, to big supermarket chains concentrated in suburban areas, leading to food deserts
developing in low-income urban communities. Policymakers have passed bills at the national,

state, and local levels that finance initiatives to help improve the availability and quality of healthy



foods in low-income communities; however, food deserts remain a great concern. There are several
reasons why supermarket chains may be reluctant to locate in food deserts, despite the increasing
social and political pressure. This study models a supermarket chain’s decision making process to
determine the conditions under which a supermarket chain would enter a food desert, and how
interventions and incentives could influence entry. To meet this objective, a game theoretical
model is developed. The model shows that supermarket entry will occur once investment costs and
marginal costs are low enough for the firms to make positive profits. However, this model also
reveals two nuances for initiatives to consider. First, policy interventions do not need to completely
subsidize marginal costs. The incentive has to be large enough for one supermarket to enter
because if one supermarket enters and demand is favorable, then others will follow. Second, cost
advantages given only to supermarket chains that invest early in food deserts are effective at
speeding up entry. Without the urgency attached to cost saving initiatives, supermarket chains will
continue to wait to follow other supermarket chains into the food desert to avoid facing demand
uncertainty.

Demand uncertainty, that was found in Chapter 1, is further explored in chapters 2 and 3
which analyze the receipt scanner data from an independent supermarket in a predominantly
Hispanic, low-income, urban community of Detroit, Michigan with a majority of its customers
classified as food desert residents.

The second chapter, titled “Fruit and Vegetable Demand by Color”, explores fruit and
vegetable demand from the perspective of color, since different colored fruits and vegetables are
associated with different health benefits. The nutrition and public health communities have
researched fruit and vegetable colors extensively and the United States Department of Agriculture

promotes fruit and vegetable consumption based on colors. However, the economics literature has



yet to explore the demand for the different fruit and vegetable colors, even though this could lead
to many useful policy and business management insights. Fruit and vegetable color classification
is a method of translating the science of phytochemical nutrition into dietary guidelines that the
public can understand. There are different vitamins, minerals and phytonutrients contained in
different colored fruits and vegetables, each associated with their own health benefits. This novel
modified two stage Quadratic Almost Ideal Demand System analysis of fruit and vegetable
consumer demand, based on four color classes: green, white, red/blue/purple and yellow/orange,
shows that most of the prices and customer shopping behaviors affect the different fruit and
vegetable color purchase decisions. Each color class responds negatively to its own price and
positively to fruit and vegetable expenditure increases, in accordance with economic theory. The
fruit (vegetable) colors are generally complementary to other fruit (vegetable) colors and
substitutes to the vegetable (fruit) colors. The elasticities suggest that policy interventions aimed
at encouraging diverse fruit and vegetable colors should focus on expenditure based incentives
rather than price based incentives and that supermarket chain managers should focus their sales
(price discounts) on the fruits and vegetables within the yellow/orange fruit and red/blue/purple
vegetable classes for the greatest increase in produce profits.

The final chapter, titled “Double Up Food Bucks Program Effects on SNAP Recipients’
Fruit and Vegetable Purchases”, offers an evaluation of the nutrition intervention Double Up Food
Bucks. To encourage the consumption of more fresh fruits and vegetables, the 2014 United States
Farm Bill allocated funds to the Double Up Food Bucks Program. This program provided
Supplemental Nutrition Assistance Program beneficiaries who spent $10 on fresh fruits and
vegetables, in one transaction, with a $10 gift card exclusively for Michigan grown fresh fruits and

vegetables. This study analyzes how fruit and vegetable expenditures, expenditure shares, variety



and purchase decisions were affected by the initiation and conclusion, as well as any persistent
effects, of the program, using a difference in difference fixed effects estimation strategy.
Participation was extremely low; however, the program increased vegetable expenditures, fruit
and vegetable expenditure shares, and the variety of fruits and vegetables purchased during its
implementation, but the effects are modest and not sustainable without the financial incentive.
Fruit expenditures and the fruit and vegetable purchase decision are unaffected by the program.
This study provides valuable insight on how this nutrition program affects a low-income, urban,
Hispanic communities’ fruit and vegetable purchase behaviors. Policy recommendations include
removing or lowering the purchase hurdle for incentive eligibility and dropping the Michigan
grown requirement to better align with the customers’ preferences for fresh fruits and vegetables.

Together, these essays shed light on important considerations for initiatives aimed at
improving nutrition and health in urban food deserts as well as for supermarkets located in or

considering entry in urban food deserts.



CHAPTER 1: A THEORETICAL APPROACH TO SUPERMARKET CHAIN
INVESTMENT IN URBAN FOOD DESERTS

Introduction

A key factor in the success of a retail firm is the location of its stores. The distance stores
are from their distribution channels, competitors and customers all affect their demand, costs and
profits. Over the past 30 years, food retail environments have changed, from many small,
independent grocery stores widely dispersed in cities and suburbs to big supermarkets concentrated
in suburban areas (Blanchard and Matthews, 2007). This has led to urban food deserts' developing
in many low-income communities throughout the United States. Research on food deserts
emphasize how limited access affects a community’s food purchasing behaviors and health, which
has in turn led to growing interest in how to address food desert challenges (Walker et al., 2010,
Ball et al., 2009, Dubowitz et al., 2015).

Policymakers have passed bills at the national, state, and local levels that finance initiatives
to help improve the availability and quality of healthy foods in low-income communities. In 2010,
the Healthy Food Financing Initiative (HFFI), a key national program aimed at improving access
of healthy food in food desert communities, was passed. It was the federal government’s first
coordinated effort to address the issue of food deserts through business incentives (CDFI, 2017).
The Community Development Financial Institutions fund within the United States Department of
Treasury, in collaboration with the United States Department of Agriculture (USDA) and
Department of Health and Human Services, supplement private sector capital with federal money

to tackle economically distressed communities (CDFI, 2017). Over $197 million has been

! The USDA defines an urban food desert as a low income (poverty rate of 20% or higher) urban area where at least
one third of the population resides more than a mile away from a supermarket (FNS 2016).



allocated in underserved communities across 35 states through HFFT initiatives since 2011. Some
examples of funded initiatives are the: Pennsylvania Fresh Food Financing Initiative; New Jersey
Food Access Initiative; Michigan Good Food Fund; New Orleans Fresh Food Retailer Initiative;
and Healthy Food for Ohio (PolicyLink, 2017). These initiatives offer a variety of technical
assistance and financial products and services for firms investing in healthy food retail and systems
in disadvantaged communities. HFFI helps attract investment into food deserts through providing
one-time financing to help overcome the large initial barriers of entry and offering favorable
financial loan terms with lower interest rates, longer maturities and other more flexible terms than
what traditional banks offer (CDFI, 2017). Other incentives used to increase investment in food
deserts involve tax breaks, zoning bonuses, or an expedited approval processes. Despite all these
efforts, roughly ten percent of the 65,000 census tracts in the United States and 11.5 million low-
income people are living in areas that are classified as food deserts (FNS, 2016b, Ver Ploeg et al.,
2009).

In 2011, as part of the healthy eating initiative, major supermarket chains promised to open
stores in or around food desert communities by 2017; however, many still have yet to invest
(AssociatedPress, 2017). There are several reasons why supermarkets may be reluctant to locate
in urban food deserts, despite the increasing social and political pressure. Market size and demand
potential are key determinants in retail location decisions and the lack of supermarket demand
history within in food deserts increases the risk of demand uncertainty. There is a common
perception that consumer demand for healthy foods is low in food desert areas (Andreyeva et al.,
2011a). One explanation for this is that healthy foods are generally classified as normal or superior
goods so they will be demanded more as income increases, which is rarely the case in food desert

communities (Bitler and Haider, 2011). Another explanation is that these consumers have adjusted



to not having a supermarket nearby and are accustomed to not buying and preparing healthy meals
at home and prefer quick meals offered at convenience stores and fast food restaurants. The higher
prices of healthy foods in food desert communities, making acquiring healthy food options even
harder, further stimulates the perception of the residents’ low healthy food demand (Mui et al.,
2015). Supermarkets also look for population growth in their potential investment locations for
long term returns on their investment and food desert communities often have declining or aging
populations (Morton and Blanchard, 2007). These factors, along with other demand side factors
like high racial minority composition, unemployment rates, poverty, and crime rates, paired with
low education levels and vehicle availability within food deserts make them non-traditional retail
environments for supermarket chains (Dutko et al., 2012).

There are also supply side factors that make food deserts less attractive to supermarkets.
Logistic and distribution networks tend to be less developed in food desert communities, which
leads to high sourcing costs for supermarket chains (Bonanno, 2012). The costs associated with
training employees, security, construction and upkeep, and property tax rates are all higher in urban
areas than the suburbs (Karpyn et al., 2010). Also in low-income urban areas, large parcels of land
are scarce, making customer parking, and loading and unloading by distribution trucks more
difficult compared to suburban communities (Pothukuchi, 2005). Lastly, many communities that
are underserved by supermarkets also lack the amenities and services needed to attract and retain
retail investment, such as sidewalks, lighting and good public transportation networks
(Pothukuchi, 2005).

There are potential benefits of operating a supermarket in a food desert. Underserved
markets can serve as a supermarket chain strategy to maintain their corporate growth while

confronting supermarket saturation in suburban communities (Hagan and Rubin, 2013). Since low-



income urban residents spend money on groceries outside of the city limits, there is unmet demand
within the inner cities (Pothukuchi, 2005). Upon entry into a food desert, a supermarket chain faces
minimal competition for healthy food sales given that small convenience and corner stores lack
the refrigeration and equipment necessary to stock and sell a variety of healthy foods. As a
monopoly in the food desert, the supermarket could take advantage of the higher food prices often
found in food deserts (Howlett et al., 2015, LeClair and Aksan, 2014). This implies that despite
the greater risk associated with operating in a food desert, there is potential for increased long-
term profit.

The United States supermarket industry is classified as a natural oligopoly (Ellickson,
2013); therefore, game theory is useful for modelling the firms’ strategic decisions with
interdependent choices. Many studies have applied game theory to analyze firm entry decisions
into new markets, and even supermarket entry decisions, e.g. (Ellickson, 2007, Rob, 1991, Folta
and O'Brien, 2004, Smit and Ankum, 1993); however, there remains a gap in the literature on

supermarket strategic entry into food desert markets.

Objective

This study models the conditions under which supermarket chains would enter food
deserts, and how interventions and incentives could influence entry. The game theory model
developed expands Folta et al. (2006), Kulatilaka and Perotti (1998) and Rob (1991), to
supermarket chain entry in food deserts. The next section presents the game theoretic model, and

the following section offers a discussion of the implications derived from the game.



Model Formation

The players of the game are two supermarket chains? that are able to open a store in a food
desert. Both supermarket chain players currently have no stores located in the food desert. The
food retail industry is highly concentrated (Wood, 2013), suggesting that the economies of scale
(operational costs per unit declines as the store size increases) and scope (operational costs per unit
declines with an increase in the diversity of products) are significant factors in this environment.
Small grocery and convenience stores struggle to sell the variety and quality of healthy, perishable
foods at competitive prices. Hence, only supermarket chains are considered in this analysis since
they typically offer lower priced, higher quality goods and can supply an extensive assortment of
fresh, nutritious food at competitive prices year round.

The two time period model can be easily extended to incorporate more potential entrants

as well as infinite time, but a two player, two-time period game is analyzed for simplification.

Consumer Demand
Consumer demand for supermarket offerings follows a linear inverse demand function:
P(QB)=6-Q
where O represents the demand intercept and is the unknown component of demand (Kulatilaka
and Perotti, 1998, Zhu and Weyant, 2003). 6 is a random variable drawn from a Uniform (0, 1)
distribution, implying that every possible outcome has an equal likelihood of occurring. Healthy
food demand has a high amount of uncertainty in food deserts. Without any supermarket chains in

these communities, there is a lack of data to examine and evaluate market opportunity (Coleman

2 A supermarket chain consists of 11 or more stores that offer a full line of groceries, meat, and produce with at least
$2 million in annual sales per store and up to 15% of their sales coming from general merchandise and health/beauty
care. Typically, each store carries between 15,000 to 60,000 stock keeping units and offers a service deli, a service
bakery, and/or a pharmacy (FMI, 2016).



et al., 2011). The only potential reference available is the limited sales of healthy (and unhealthy)
foods at the corner stores located in the food desert. However, these small stores have much higher
costs associated with stocking and selling healthy foods than a supermarket chain would if they
entered (Andreyeva et al., 2011b, Walker et al., 2010).

Another aspect of demand uncertainty is projecting future demand. Supermarket chains
can increase demand in two major ways. First by accommodating the consumer base. Many
supermarkets that have entered food desert communities have become profitable through adjusting
their services offered to meet the needs of the community (e.g. offering nutrition education,
opening earlier and staying open later, hiring bi-lingual service associates etc.). These service
additions and adjustments are different than what they typically offer in their store locations
outside of the food desert; hence, the chains are unsure how the consumers will respond. Second,
supermarkets often serve as “anchors” for other businesses since they generate foot traffic and
attract complementary stores and services like banks, pharmacies, and restaurants (Treuhaft and
Karpyn, 2010). Successful supermarket operation in low income communities can drastically
change the perception of the area as being an undesirable location to operate a business or to live
(Treuhaft and Karpyn, 2010).

Neither supermarket knows the true value of 0 in period 1. However, if one or both
supermarket chains enter the food desert in period 1, 0 is revealed to both in the second period. In
reality, demand is not completely revealed to all competitors upon a chain’s entry; however, this
assumption captures the fact that once one supermarket chain enters a food desert, that community
no longer represents a unique risk in terms demand uncertainty.

Branding and product differentiation could provide competitive advantages to supermarket

chains. Some supermarket chains strategically decide to vertically differentiate themselves
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(through offering more services or higher quality products) so they can reduce price competition
and attain higher profits from less price sensitive consumers. However, food desert residents are
often price sensitive, particularly to fruits and vegetables (Weatherspoon et al., 2015,
Weatherspoon et al., 2013) so these types of supermarket chains are less likely to consider food
desert investment (Bonanno, 2012). Also in uncertain environments, like food deserts, competitive
advantages are seldom sustainable in the long run (Sirmon et al., 2007). For these reasons and the
fact that food quality aspects are not as important as the accessibility aspect in these communities,
this analysis assumes that supermarket chains’ offerings are homogenous. Another assumption is
that both supermarket chains have the same knowledge about the food desert community and that

any feasible site provides both chains with an equivalent market potential.

Policy

There are different ways that the government (local, state or federal) can address the food
desert problem. The government could open and operate stores in food desert communities. The
government could also design rules to mandate entry into food deserts, such as prerequisites to
opening more stores in non-food desert communities, store owners must open a store in a food
desert community as well. Targeting specific supermarket chains with high likelihoods of being
successful in inner-city markets is another way government can attempt to improve these food
environments (Bassford et al., 2010). Alternatively government can align the supermarkets’
business objectives with food desert entry through business financial incentives (Karpyn et al.,
2010, Bassford et al., 2010), which is what is modelled here, through a marginal cost advantage
associated with early food desert entry.

The dominant marginal operating costs supermarkets face come from purchasing the
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goods, distributing the goods, and paying the store workers. Some other examples of marginal
costs for a supermarket are insurance, rent, marketing, interest on loans and taxes. This model
assumes that there is a policy initiative in place to reward early investment with cheaper marginal
costs through a decrease in any of these marginal costs the supermarket faces. The model captures
this marginal cost advantage by rewarding early investment (i.e. in period 1) with lower marginal
costs later (in period 2). Both supermarket chains face the same cost schedule and there are two
marginal costs possible: ¢ and c; where ¢ = ¢ — Ac.3 If a supermarket chain enters the food
desert in period 1 it will face higher costs, ¢, in the first period but will face lower costs, c, in the
second period. If a supermarket chain enters the food desert in the second period it will face higher
costs, . Both supermarket chains face the same investment costs (i.e. fixed costs), @, no matter

which period they enter.

Game Timeline
In period 1, both supermarket chains simultaneously decide whether to enter or not.
* Ifany one firm enters, 0 is revealed and the entrant will receive a cost advantage in period
2.
 Ifboth firms enter, they compete a la Cournot.*
* If only one firm enters, it enjoys monopoly power for that period.

In period 2, the game depends on the investment history in period 1.

3 The cost advantage (Ac) is only defined on [0, c]. Ac cannot be less than 0 because it would be a cost disadvantage
rather than a cost advantage and Ac cannot be greater than ¢ because then ¢ would be negative.

4 Cournot competition is where rival firms choose a quantity to produce independently and simultaneously under the
assumptions that firms cannot collude. Firms seek to maximize profit based on their competitors’ decisions and each
firm’s quantity decision affects the product’s market price. Cournot competition is used in this analysis rather than
Bertrand competition (based on prices) because the Bertrand model makes the strong assumption that consumers will
always buy from the cheapest seller but in these communities most consumers face travelling constraints which limit
their ability to search multiple locations for the lowest food prices.
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* Ifno firm entered in period 1, both firms simultaneously decide whether to enter or not. 6
still uncertain and no cost advantages exist since no firm entered in period 1.
* Ifboth firms entered in period 1, they continue to compete a la Cournot but now have lower

marginal costs, C.

* If exactly one firm entered in period 1, the other firm first decides whether to enter or not
based on the revealed 0 (but faces the higher marginal costs, c). The leader observes the
follower’s decision and a quantity competition follows.

0 If the follower does not enter, the leader continues to have monopoly power and
lower marginal costs, c.

0 If the follower enters, the two firms compete a la Cournot.

Analysis

The supermarket chain’s action sets are to open a store in a food desert (invest) or not (do
not invest). The disadvantages of deferment are the missed potential profits while not invested and
the missed opportunity for cheaper costs later. The advantages of deferment are that they can learn
more about market demand from observing the first firm and use that knowledge to decide whether
to invest or not. Once a supermarket chain has invested, then its action is to choose quantity. Both
supermarket chains make decisions to maximize their expected total profit.

Supermarkets operate on thin profit margins (roughly 1% on average), especially on
perishable food items (Hagan and Rubin, 2013, FMI, 2016). The profit for each supermarket chain
depends on whether they are invested, the other firm has invested, and market demand. If both
supermarket chains are operating in the food desert at time t, they will share duopoly profits of

Cournot competition. Duopoly profit is dependent on the costs that both supermarket chains are
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facing. If both supermarket chains have the same cost (c) at time t, then the duopoly profit for

supermarket i in period t is,

D D 8 —c\2
Tt (ci, c]-) =1y (c,c) = < 3 ) :
However, if supermarket i faces the lower cost, ¢, and supermarket j faces the higher cost, c, at

time t, then the two duopoly profits are:
0 +¢—2c\’
1TiDt (Ci; Cj) = T[?t (9 E) = <T_> and,

e+g—26>2

R (e) = (69 = (25

When there is sequential entry, one supermarket chain invests in period 1 (leader) and the other
does not (follower). While the follower is outside the food desert, the leader is a monopoly within

the food desert, earning the following monopoly profit,

o= (7).

Table 1.1 lists the different notation used throughout the game and the analysis. Since the game is
completely symmetric (from the homogeneous supermarket assumption) all the equilibria will also

be symmetric for both supermarket chains.

14



Table 1.1: Game Notation

Symbol

Description

Ac

cost advantage from investing early

low marginal cost

high marginal cost

g |oljlo

investment costs

T[Pt (Ci, C])

profit for supermarket 1 in period t when both
supermarkets are in the food desert and supermarket i
is facing costs ¢; and supermarket j is facing costs ;

Ty (c)

profit for supermarket i in period t when they are the
only supermarket in the food desert and they are facing
marginal costs ¢

demand parameter

minimum demand needed for follower entry

probability of entry in the first period

wn = | DD

probability of entry in the second period given that no
other supermarket has invested yet

probability that the follower supermarket will invest in
the food desert in the second period given that the
leader already has and 0 has been revealed

Characterization of Period 2 Subgames

The characterization of the second period subgames depends on who entered in the first

period. The following three lemmas illustrate the three possible cases.

Lemma 1 [f both supermarket chains entered in the first period, in the second period they will

simultaneously compete a la Cournot with low costs. Their second period payoffs are:

€[5 (¢ c)) E [m) (c o))
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Explanation: When both supermarket chains invested in period 1, both are still invested in period
2 (exiting is not an option in the model), but now both will compete a la Cournot while facing low

marginal costs.

Lemma 2 [f exactly one supermarket chain entered in period 1, the entry game in period 2

always has a unique Pure Strategy Nash Equilibrium (PSNE). There exists a cutoff value of
demand, denoted 0, such that:
(a) If 0 <0 < B, the follower will not enter, yielding the second period (leader,
follower) payoffs of (E[ LB (g) |6] ,0);
(b) If 8 <0 < 1, the follower firm will enter, yielding the second period (leader,
follower) payoffs of(E[ 0 (g, E) | 9], E[ T[]-DZ (g, E) | 6] —0).
Where 8 is defined as the value of © that makes the follower indifferent to entry, i.e. when

B[ (6 3) | 8] -0 =0

Explanation: Once a supermarket chain has invested, the true demand is revealed and the follower
supermarket chain will base their entry decision on whether expected profit will be positive. If the
follower does not enter, the leader supermarket chain will remain a monopoly with low costs. If
the follower does enter, both will get duopoly profit where the leader faces low costs and the

follower faces high costs.

Lemma 3 If no entry has taken place in period 1, the entry game in period 2 always has a unique
Nash equilibrium. There exist two entry cost cutoff values, @ and @, such that:

(@) If 0 < ® < @ both supermarket chains invest;
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(b) If @ < & < @, both supermarket chains use mixed strategies where each enters
with probability

_9(1—3c+ 3¢ —120)
5(1—3c+ 30)

N

(c) If ® > @, neither supermarket chain invests.

Table 1.2 provides the normal form representation of this subgame where each cell reveals the

expected second period profit for the supermarket chains’ actions which are dependent on the other

supermarket chain’s action. Appendix A provides the derivations of ® and ®.

Table 1.2: Normal Form Game Representation of Period 2 After No Entry in Period 1

S j (1-s)
Invest Do Not Invest
s E[nd C0)] —@ E[n} @©)] —@
Invest
E[n) (0] — @ 0
i
0 0
(1-5) Do Not

Explanation: When investment costs are low enough, entry is profitable even though they must
split the market and demand is still unknown, leading to a PSNE with simultaneous period 2 entry.

When investment costs are moderate and demand is still unknown (no supermarket investment) it
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is profitable for one supermarket chain to enter but not both, leading to a Mixed Strategy Nash
Equilibrium (MSNE) where 0 < s < 1. When investment costs are too high it is not profitable for
either supermarket chain to enter, even if it would be a monopoly in the food desert, leading to a
PSNE of no entry in period 2.
Characterization of Period 1

Table 1.3 shows the normal form representation of the game. Each cell reveals the total

profit (over both periods) for the supermarket’s actions which are dependent on its rival’s action.

Table 1.3: Normal Form Game Representation of Period 1

r i (1-r)
Invest Do Not Invest
E[nM (©] + E[n] (c,c) |0
E[n} ©0) + np (cc)] —@ i Ol [> 5%(1)—| 0)
+ E[m; () |0
Invest <06 -
E[m) ©O+ ) (co)] —@
B[ (c8) - [0> 6] (1-0)
i
E[T[PZ (E'E) - @ | 0> é] (1-6) SZ(E [T[PZ (E,E)] — d)) +s(1—5s)
a0 b < E [ @] - ®)
Not | Em @]+ B[ (50) |0
Invest i g[]ng"[l (_c)e|)6 s2(E [} (€ O] — @) +s(1—5)
sé]g—_cp * (B[ mz ©] - @)
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Proposition: Characterization of the Subgame Perfect Nash Equilibrium

The entry game in the first period always has a unique Nash Equilibrium and it is characterized

as follows. For a given @, there exist two cutoff values of Ac, denoted as Ac(D) and Ac(P), such

that:
(a) If Ac > m both supermarket chains invest;
() If M < Ac < Ac(®) both supermarket chains use mixed strategies where each
enters with probability r;

(c) If Ac < Ac(@), neither supermarket chain invests.

See Appendix A for derivation of r, Ac(®) and Ac(P) values.

Explanation: For a given investment cost, there exists a cost advantage, Ac(®), such that if the

cost advantage is greater, then it is profitable for both supermarkets to enter in period 1, even with
uncertain demand. If the cost advantage is between Ac(®) and Ac(®) then it is only profitable for

one supermarket to enter in period 1 with uncertain demand; so, both supermarket chains will play

a MSNE. If the cost advantage is less than Ac(®), then it is not profitable for a supermarket chain

to invest even with first period monopoly power. As the cost advantage increases, it becomes more
profitable to invest early, despite the uncertainty of demand. The cost advantage cutoff values
depend on the investment costs because the investment costs directly and indirectly (through its
influence on whether the other chain will enter or not) influence profits. These cutoff values are
when the probability of profitability is high enough or low enough to determine entry (i.e. when r
=0 and when r = 1). Figure 1.1 plots ® against Ac for the case where ¢ = 0.25 and distinguishes

the different regions of entry in period 1. The figure shows that unless the cost advantage is very
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low and investment costs are high, both supermarkets will invest in period 1 with a positive

probability.

Figure 1.1: Period 1 Investment Decisions
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Note: high marginal cost = 0.25 is assumed.’

Figure 1.2 is the same as Figure 1.1 but with an additional shaded area, to distinguish the
follower’s entry decision once the true demand has been revealed (6 = 0.9). Follower profits are
dependent on the cost advantage indirectly because the leader has the cost advantage which enables
them to increase their supply cheaper than the follower, so as the cost advantage increases, the

follower is more disadvantaged (lower profit potential all else equal). Hence, as the investment

5 Throughout the graphical analysis, the value ¢ = 0.25 was fixed; however, the analysis is not sensitive to the fixed
¢ value; similar relationships exist across ¢ € (0,1). The domain for @ was chosen so that all possible equilibrium
cases would be shown, but @ > 0 since investment costs cannot be negative.
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costs increase, the cost advantage needs to decrease in order for the follower to enter. When the

true demand is known, the follower will enter when the cost advantage is low enough and the

investment costs are low enough for them to be profitable.

Figures 1.1 and 1.2 show that even with moderate cost advantages from early entry, low
investment costs and favorable demand, a food desert may still exist, due to the mixed strategy

(enter with probability r) both supermarkets will play in period 1.

Figure 1.2: Follower Investment Decision
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Note: high marginal costs = 0.25 and demand parameter = 0.9 are assumed.

Examination of Entry Probabilities

There are three key probabilities in this analysis. First, the probability that a supermarket

chain will invest in the food desert in the first period (r). Second, the probability that a supermarket
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chain will enter in the second period given that there was no entry in the first period (s). Lastly, if
one supermarket chain invests in period 1, the probability that the follower supermarket chain will
enter the food desert (t).

Figure 1.3 displays how changes in investment costs (@) affect the three entry probabilities
with fixed ¢ = 0.25 and Ac = 0.1.° All three probabilities decrease as the investment costs
increase, the second period entry probability following no entry (s) decreases at a constant rate
while the probability of first period entry (r) and sequential entry after the leader (t) decrease at a

decreasing rate. Both probabilities of second period entry (s and t) become 0 over the possible

Figure 1.3: Investment Cost Effect on the Entry Probabilities
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Note: r is the first period entry, s is the second period initial entry, and t
is the sequential entry after leader, with fixed high marginal costs = 0.25 and delta ¢ = 0.1.

investment costs; however, the probability of sequential entry (t) reaches 0 at a higher investment

cost value than the probability of late entry after no entry (s). This implies that supermarket chains

® The variable values used for the figures are chosen for figure appearance, however the key relationships among the
variables and analysis are not sensitive to these values.
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are willing to accept higher investment costs in the second period if they are not among the first to

invest, since the demand uncertainty is resolved.

Figure 1.4: Cost Advantage from Early Investment Effect on the Entry Probabilities
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Note: r is the first period entry, s is the second period initial entry, and t
is the sequential entry after leader, with fixed ¢ = 0.25 and investment costs = 0.035.

Figure 1.4 displays how changes in the cost advantage from early investment (Ac) affect

the three entry probabilities with fixed ¢ = 0.25 and @ = 0.035. As the cost advantage from early

investment increases, the probability that a supermarket chain will invest in the food desert in

period 1 (1) increases at a constant rate and then levels off at 1. This means that if the cost advantage

is above a certain threshold, both supermarkets have an equilibrium strategy to enter in period 1.

The probability of the follower supermarket entering the food desert (t) decreases as the cost

advantage increases since the higher the cost advantage, the more disadvantaged the follower is

compared to the leader. The probability of investment in the second period following no

investment (s), is not dependent on Ac, since the cost advantage is no longer available to either
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supermarket; hence, it is represented by the horizontal line.

As a robustness check, all the analysis was repeated for a policy that would decrease the
investment costs (rather than marginal costs) for the supermarkets who enter in period 1. The same
relationships among the variables exist. The figures for the investment cost advantage analysis are

shown in Appendix A.

Discussion

Food desert communities are a prime example of a market failure in the U.S. food industry.
Though the supermarket industry is a huge part of the food industry and relatively resilient in times
of economic downturn (Hagan and Rubin, 2013), there are still millions of people with no access
to supermarkets. A few supermarket chains have entered food desert communities profitably and
were able to acquire customer loyalty, even as follower supermarkets entered the market. One
notable case being the former food desert communities of Philadelphia, Pennsylvania. These
successful cases were supermarkets that adjusted their services to effectively serve their respective
communities; such as adding in a pharmacy, community center, credit union, staff nutritionists,
social workers and a health clinic (Singh, 2015). Communicating with community leaders prior to
entry influenced decisions to offer services, such as: shuttle rides home, calculators on the
shopping carts, and bi-lingual employees in order to increase profits (Pothukuchi, 2005, Singh,
2015).

The game theoretical model shows that supermarket entry will occur once investment costs
and marginal costs are low enough. Thus, the interventions subsidizing costs to influence entry are
supported. However, this model reveals two nuances for policymakers to consider. First, the model

shows that policies and initiatives do not need to completely subsidize costs for entry; an
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intermediate range of interventions can lead to a more competitive market. Interventions need to
incentivize one supermarket to enter and if demand is favorable, then others will follow. Even
when the interventions are enough for a supermarket to be profitable in a food desert, there is a
possibility that no supermarket will enter, due to their mixed strategy. Interventions aimed at
influencing initial entry will decrease the probability of no entry, which leads to the second nuance:
cost advantages specifically for early investment are effective. In general, when a firm faces no
competition, demand uncertainty negatively influences their decision to enter (Folta and O'Brien,
2004). Conversely, whenever there are competitive advantages associated with early entry, the
effect of demand uncertainty becomes ambiguous and dependent on the firm’s relative valuations
of the cost of uncertainty and early mover advantages (Folta and O'Brien, 2004). Supermarket
chains place value on demand certainty (seen through their willingness to accept higher investment
costs in the second period if another supermarket has invested profitably). The results appear to
support the idea of supermarket inertia (Dilling, 2014). That is, even if supermarket chains think
it may be profitable to enter a food desert, they are hesitant because their competitors have not
invested. Another theoretical principle in retail location theory supported by the results is the
Principle of Minimum Differentiation, which originates from Hotelling’s hypothesis that retailers
that sell similar merchandise tend to cluster together (Clarkson et al., 1996, Hotelling, 1990).
Without the urgency attached with the cost advantage, supermarket chains’ primary
strategy is to follow the leader into the food desert, in order to eliminate the demand uncertainty.
Initiatives should consider offering first mover incentives, like cost advantages, to help initiate
early entry. The first supermarket chain that enters the food desert is essentially providing a
positive externality to the market. It takes on the full cost of unknown demand, but does not fully

internalize the benefits if other supermarket chains follow. The other policies and initiatives, which
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are currently in place through the HFFI (one-time financing, lower loan interest rates, and tax
breaks) could be enhanced and more effective at incentivizing quick entry, if they were only

offered to the supermarket chains that lead entry into the food desert communities.

Implications Behind Model Assumptions

There are two key assumptions that influence the results and implications which warrant
discussion. First, the model assumes that both supermarkets have the same, limited information
about consumer demand before entry. Relaxing this assumption to allow the supermarket chains
to have their own knowledge about demand would change the entry decisions in both periods. The
cutoff values for the investment costs would change when chains have prior knowledge about
consumer demand. If the knowledge is favorable then the allowable investment costs would
increase and if demand knowledge is unfavorable the allowable investment costs would decrease.
The game becomes more complicated if the two chains have different knowledge (or perceptions)
about the food desert demand and if they do not know what the other chain knows; however, there
is no reason to believe a priori that the chains have different perceptions about demand. Relaxing
this assumption would also change the structure of the subsidies the chains require to compensate
them for the risk, because these subsidies would now depend on the chain’s perception of the risk.
Second, the model assumes that consumer demand is completely revealed to both chains once one
chain enters, allowing the follower to use this information to reduce their risk of entry. This
assumption is essentially creating an advantage for delaying entry. If demand is not completely
revealed to the follower upon the leader’s entry, the follower will be unable to base their entry
decision on the true demand but rather it would be based on their updated knowledge of demand.

Relaxing this assumption refutes the implication that the intervention needs to only incentivize one
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supermarket chain to enter. It would still be risky for the follower chain to enter without complete
demand revelation; however, it would still be less risky compared to the no first period entry case
as long as demand is partially revealed upon one chain’s entry. When the demand is not completely
revealed upon entry, the cost advantage given through the initiative would not need to be as high
to induce early entry. Since the demand uncertainty is only partially removed, rather than
completely removed, the advantage in delay is lower; meaning the required cost advantage needed
to incentivize early entry is lower as well. Though this model is highly stylized with strict
assumptions it does provide keen insights as to why the food desert market failures still exist

throughout urban communities in the U.S. and offers suggestions on how to address them.
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CHAPTER 2: FRUIT AND VEGETABLE DEMAND BY COLOR

Introduction

Fruits and vegetables (F&V) of different colors contain diverse vitamins, minerals and
phytonutrients associated with unique health benefits. Since the 1930’s F&V color has been
emphasized in the National Dietary Recommendations and Nutritional Guidelines (Davis and
Saltos, 1999). The United States Department of Agriculture (USDA) promotes color diversity in
F&V consumption through multiple nutrition programs nationally, such as: the Coordinated
Approach to Child Health Nutrition Curriculum within a Farm to School Program (Moss et al.,
2013); and the Color Me Healthy program (Witt and Dunn, 2012). The National Cancer Institute
started the “5 A Day” campaign and the Center for Disease Control and Prevention sponsored the
“Fruits & Veggies - More Matters” campaign, which encouraged F&V consumption based on
color (Pennington and Fisher, 2009). Considerable resources have been expended to support
medical and nutrition research on the different health benefits associated with F&V color diversity
and to fund programs aimed at increasing F&V color consumption (Lee et al., 2017, Joseph et al.,
2002, Heber, 2004).

Color has been shown to be instrumental in the marketing and promotion of food products.
Consumers often use color as an initial indicator of food quality, though not always accurate
(Andrés-Bello et al., 2013). Further, the color of food packaging has been found to influence
demand (Ares and Deliza, 2010, Murray and Delahunty, 2000, Silayoi and Speece, 2007),
including the color of the mesh surrounding bundled F&V (Bix et al., 2013). Given that color
influences food demand and the F&V colors are associated with different health benefits, this

raises the question of how demand varies across the different F&V color classes.
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The objective of this study is to develop a new approach to analyzing F&V demand based
on color and provide a novel understanding of how consumers behave with respect to their choice
of F&V colors. Examining how responsive consumers are to changes in F&V color prices and
expenditure can help design and modify interventions to incentivize F&V color diversity
consumption and provide useful insight on how to increase the sales of F&V. The next section
offers background information on the color classification scheme used in this study. The following
sections describe the data and demand model. The final two sections close with results and

discussion.

Background
F&V Color Classification

A healthy diet includes the consumption of a variety of F&V colors because color denotes
the presence of specific vitamins, minerals and phytonutrients (Brown, 2016, Guitart et al., 2014,
Griep et al., 2011, Vaughan and Geissler, 2009). Table 2.1 provides the color classification used
in this analysis and examples of the variety of phytochemicals, vitamins and minerals found in the
different color classes and their associated health benefits. This classification is similar to other
color classifications found in the nutrition literature (Pennington and Fisher, 2010, Guitart et al.,
2014, Griep et al., 2011, FNS, 2016a). The color classification groups F&V into four color classes:
green, white, red/blue/purple and yellow/orange. If the peel is generally consumed, then the color
of the peel determines color class (e.g. granny smith apples are green) but if the peel is not usually
eaten then the edible portion determines color class (e.g. bananas are white) (PbhFoundation,
20164, Langtree, 2005). Culinary traditions, rather than scientific or botanical classifications, are

to define fruit or vegetable classification (e.g. tomatoes are classified as vegetables).
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The health benefits associated with consuming an adequate amount of each color class are
detailed in Table 2.1. Green F&V are deemed to prevent age related macular degeneration as well
as promote retinal health and boost immune system activity (Heber, 2004, Garden-Robinson, 2009,
Guitart et al., 2014). White colored F&V help maintain healthy cholesterol levels and prevent
certain types of cancer (Langtree, 2005, Heber, 2004). Red/blue/purple F&V provide
phytochemicals that improve heart health and memory function and are believed to prevent certain
types of cancer (Brown, 2016, Joseph et al., 2002, Garden-Robinson, 2009). Lastly, yellow/orange
F&V provide vitamins that enhance night vision and the immune system (PbhFoundation, 2016a,
Joseph et al., 2002). Although some of the benefits overlap across color groups, all are necessary
to ensure a diverse spectrum of phytochemicals, vitamins and minerals to maximize potential
health outcomes (Guitart et al., 2014). Recommended dietary color proportions depend on age,
gender, health status and level of physical activity. However, the key recommendations in the
2015-2020 Dietary Guidelines from the USDA Center for Nutrition Policy and Promotion
emphasize the importance of dark green, red, and orange vegetable consumption (DeSalvo et al.,

2016).

F&V Demand Studies

F&V demand has been examined extensively in the literature; however, there is a gap with
respect to demand for the different F&V colors. Previous F&V demand research either focuses on
individual F&V (Seale et al., 2013, Weatherspoon et al., 2013) or aggregates of all fruits and all
vegetables (Mhurchu et al., 2013, Reed and Levedahl, 2010). In both approaches, color is
disregarded. This study is the first to consider the demand for F&V based on color, offering a more

complete understanding of how the different F&V prices and expenditures impact demand.
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Table 2.1: F&V Color Classification, Color Specific Phytochemicals, Vitamins and
Minerals, and Benefits

Color Fruits and Vegetables in Ph).ftoch.emlcals, Associated Health
Grou Grou Vitamins and Benefits and
P P Minerals Contained Reference Examples
Fruits:
Green Grapes, Limes, Green
. Prevent macular
Pears, Kiwi, Chayote, . .
Lutein degeneration; boost
Honeydew, Avocados, Green ) . i
Glucosinolates immune system,;
Apples vy
Vegetables: Folate maintain
Green ; Isothiocyanates healthy bones and teeth
Asparagus, Broccoli, Brussel o
Vitamin K (Heber, 2004, Garden-
Sprouts, Celery, Greens, Collard . . :
. folic acid potassium Robinson, 2009,
Greens, Muster Greens, Turnip .
! chlorophyll Guitart et al., 2014,
Greens, Spinach, Green Beans, .
Vitamin C FNS, 2016a)
Green Peppers, Cabbage,
Zucchini, Packaged Salad Bags,
Lettuce, Okra, Cucumbers
Fruits:
Bananas, Coconuts, Bosc Pears Prevent certain cancers;
White Vegetables: Allyl Sulfides maintain cholesterol
Plantains, Cauliflower, White Allicin levels (Langtree, 2005,
Onions, Mushrooms, Turnips, Potassium Heber, 2004, FNS,
Russet Potatoes, Idaho Potatoes, 2016a)
Jicama, Yuca
Reduce tumor growth,
Fruits: Lycopene cancer and stroke risk;
Cherries, Strawberries, Anthocyanins promote memory
Red / Grapefruit, Watermelon, Calcium function, healthy aging,
Blue / Blueberries, Plums, Red Grapes, Vitamin D heart, and prostate
Purple Black Grapes, Red Apples Flavonoids health (Heber, 2004,
P Vegetables: Resveratrol Garden-Robinson,
Beets, Radish, Tomatoes, Red Vitamin C 2009, Joseph et al.,
Peppers, Red Onions Folates 2002, Brown, 2016,
FNS, 2016a)
Fruits: Promote vision and
Apricots, Cantaloupe, Pineapple, Alpha-Carotene immune system; reduce
Yellow Yellow Apples, Oranges, Beta-Carotene cancer risk, and heart
/ Tangerines, Peaches, Mango, Vitamin A disease
Orange Nectarines, Lemons Vitamin C (PbhFoundation,
Vegetables: folate 2016b, Joseph et al.,
Carrots, Corn, Pumpkin, Yams, 2002, Brown, 2016,
Squash, Yellow Peppers FNS, 2016a)
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In general, there are distinct differences in food price and expenditure elasticities among
different ethnicities and income groups (Huang and Lin, 2000, Park et al., 1996). This study is
based on a primarily Hispanic, low-income community (Office of Social and Economic Data
Analysis 2010a), and is not representative of the entire U.S. The Hispanic population is the largest
ethnic minority in the U.S. and is continually growing (Colby and Ortman, 2015). Hispanics
consume more F&V than most Americans (pbhFoundation, 2015), but Hispanics who have
migrated to the U.S. often perceive fresh F&V to be expensive and of low quality (Cason et al.,
2006, Gray et al., 2005). Consequently, this study provides valuable insight on this unique

population’s F&V color demand preferences.

Data and Aggregation Methods

This study utilizes scanner receipt data from May 2014 through January 2015 from a
supermarket located in a Detroit, Michigan (Office of Social and Economic Data Analysis 2010a).
The Congressional District in which this supermarket is located has 89,788 (35%) households that
receive Supplemental Nutrition Assistance Program (SNAP) benefits, as of 2013, with 60% of its
residents below the poverty line (USDA, 2015a). The entire dataset has 373,714 purchase
transactions over the 9-month period, with 113,873 of them including fresh fruits and/or
vegetables. Roughly 68.5% of transactions were paid for with cash as compared to only 17% on
average for the nation (FMI, 2016); 20.4% of the transactions were SNAP; 10% were debit; 1%
were Women, Infants and Children (WIC); and 1% were credit. The number of monthly
supermarket transactions ranged from 39,166 to 42,464 and were almost equally spread across the
nine months. Per transaction, the average customer spent $22.41 and among those who purchased

F&V, the average vegetable (fruit) expenditure was $3.77 ($3.51).
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The transactions are aggregated up to two-week purchases for each consumer with a unique
identifier created from the loyalty or payment card number (41% of the transactions used either
loyalty, credit, or debit card, SNAP or WIC). The final dataset is an unbalanced panel with a total
of 78,904 observations, each representing the purchases of a consumer for a two-week period.

In order to aggregate the individual F&V into their respective color classes the divisia

indices are used. The divisia formula for price and quantity are:

n
n(B) = In(Bes) = )05 [Vig + Vi ] [In(pi) = In(pye)] (1)
i=1
and
n
In(Qs0) = 1(Qyea) = ) 05 [Vie + Vigs] [1n(G10) = InCae-o)] @)
i=1
where
Pit dit
Vi, = — 2
& Zjn=1 Pjt djt

In these equations, p;; and q;; are the price and quantity of individual fruit or vegetable i during
the two-week period t and the P, and Q; are the price and quantity of the color class j during the
two-week period t. Yellow/orange fruits and red/blue/purple vegetables have the largest price
variation and range among the F&V classes over the nine months. However, these statistics could
be driven by the differences in the number of individual F&V that fall into the color categories.
For example, there are only five different types of yellow/orange vegetables while there are
seventeen different types of green vegetables.

Expenditure statistics are shown in Table 2.2. Red/blue/purple fruit expenditure,

conditional on purchase, is the highest; however, red/blue/purple fruits are the least frequently
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purchased, making their expenditure share relatively low. Green fruits and green vegetables
represent 24% and 16% of all F&V expenditures, respectively, while yellow vegetables only
comprise 4.6% of F&V expenditures. Green vegetables are the most commonly purchased color

class (based on the number of transactions), followed by the red/blue/purple vegetables.

Table 2.2: Two-week Customer Expenditure (Conditional and Unconditional on Purchase),
Customer Expenditure Shares and Number of Store-wide Purchases by Color Class

Expenditure | Unconditional F&V Number
if Purchased | Expenditure | Expenditure of
) ) Shares (%) | Purchases
Fruits
Green 3.15 0.58 16.08 17618
White 1.98 0.31 12.39 14685
Red/Blue/Purple 4.45 0.29 5.78 6303
Yellow/Orange 3.70 0.28 5.61 7051
Vegetables
Green 2.96 0.78 24.18 25380
White 2.75 0.49 15.84 16162
Red/Blue/Purple 2.92 0.59 15.57 18780
Yellow/Orange 2.35 0.17 4.56 6765

The USDA Dietary Recommendations emphasize the importance of dark green, red and
orange vegetables. Based on the descriptive statistics the green and red vegetables are not of
concern since the orange vegetables are amongst lowest ranking in expenditure, expenditure share,

and frequency of purchase.

Model
There are several consumer demand systems commonly used to analyze F&V demand, the
most widely applied are the Rotterdam Model (Theil, 1965), Translog Demand System

(Christensen et al., 1975), Almost Ideal Demand System (AIDS) Model (Deaton and Muellbauer,
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1980) and the Linear (Blanciforti and Green, 1983) and Quadratic (Banks et al., 1997) variants of
the AIDS Model. This study analyzes F&V demand using a Quadratic AIDS (QUAIDS) model
because it satisfies the axioms of choice order and aggregating over consumers without assuming
parallel linear Engel curves (Tafere et al., 2010); can be modified to control for large numbers of
non-purchases; and has the flexibility to incorporate variables other than income and prices.

The separable QUAIDS model assumes a consumer has m dollars to spend on the goods in

the model. The indirect utility function for consumer demand is then (Banks et al., 1997):

-1

InV(p,m) = ’{ln ml_[ Iin[:l(p)} Z A In pll 3)

Where the In a(p) term is the transcendental log function

1
Ina(p) = ap +Zailnpi t3 ZZYU In p; In p;
i ™5

The p; represents the price of the i color class, m is total F&V expenditure and the Greek letters
are the parameters to estimate. The exception are the 's, which are unidentified and in practice
are given an assigned value slightly less than the lowest natural logged expenditure value in the
data (-3.01) (Poi, 2012).

Additional variables are incorporated into the QUAIDS model by using a scaling technique
(Ray, 1983, Poi, 2012, Poi, 2002). Consumer grocery shopping behaviors that have been found to
affect food demand and are controlled for in this analysis are: payment method (captured through
four indicator variables: cash, credit / debit, SNAP and WIC) and frequency of store visits (number
of visits the customer made in the two-week period) (Wilde and Ranney, 2000). Month dummy
variables are used to control for seasonality effects.

A two-stage method is used since there are a large number of customers who did not

purchase any F&V during the two-week period blocks (Tafere et al., 2010, Stewart et al., 2004,
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Lambert et al., 2006, Bali¢ et al., 2016, Shonkwiler and Yen, 1999, Heien and Wessells, 1990).
The first stage is to estimate a Probit model for each color class to calculate the probability a given

household purchases that color class. Next the cumulative distribution and probability density
functions for the normal distribution (<I>(9l-' z) and (I)(@i' z), respectively) are calculated and used

to estimate the following system of observed color budget shares

yi= ©(6;'z) wi + ¢; ¢(6;'z) €))

where

m
Z 1+p'
- (1 +p'z)a(p)

i 2
* [Hipiﬁi]}\[nj p?jlz] [ln {(1 + pr’nz)a(p)}] :

The wj is the share of total F&V expenditure m allocated to color class i, and z is a vector of
explanatory variables. The estimated parameter ¢; is the covariance between the first and second
stage error terms. Since the disturbance terms are often heteroscedastic in these models (Tafere et
al., 2010), robust standard errors clustered at the customer level are used. Clustering the standard
errors also addresses any possible autocorrelation present in the model (Wooldridge, 2015). The
model coefficient estimates are then used to calculate the color own-price, cross-price and
expenditure elasticities. The uncompensated price elasticity of color class i with respect to changes

in color class j are calculated using
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1
€ = —O;j+ — | Vi

27 " ln{ I,n } (5)
Mipf] )] A+ a®)

— [Bi+ miz +

(B; + i 2)A; m 2 _
s Snmn ) i Il ) (60

where 6;; is the Kronecker delta (8;; =1 if i=j and 6;;=0 otherwise) and 0;; indicates the coefficient

on the price of good j in the good i first stage probit regression. Expenditure (income) elasticity

for color class i are calculated using

=1+ i B; + niz + 2 ln{ = } @(6'2). (6)
ol M ]t aer |

c _
ij = €ij T Ww;

Compensated price elasticities can be calculated from the Slutsky Equation €
(Bali¢ et al., 2016). The delta method is used to compute the standard errors of the computed
elasticities (Poi, 2012, Ray, 1983, Shonkwiler and Yen, 1999).

Separability between fruits and vegetables is often assumed and separate demand models
are estimated. If the weak separability assumption fails, endogeneity is present in the separable

model due to missing variables, yielding biased regression coefficients which are then used in the

elasticity calculations, causing them to be biased. To avoid this, non-homothetic weak separability
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is tested using the method developed by Moschini, Moro, and Green (1994). Weak separability
between fruits and vegetables implies that the marginal rate of substitution between two fruit
(vegetable) color classes is independent of the amount of vegetables (fruits) purchased (Sellen and
Goddard, 1997), implying that the ratio of price elasticities between two fruit (vegetable)
categories and all vegetables (fruits) equals the ratio of expenditure elasticities of the two fruits
(vegetables) (Moschini et al., 1994, Lakkakula et al., 2016):

€jk ]
where 1 and j are the fruit (vegetable) color classes and k is the aggregated vegetables (fruits). The
Wilcoxon signed rank test results (Lambert et al., 2006), strongly reject weak separability; hence,
the fruit color and vegetable color classes are analyzed as one system. The demand system is a set
of eight equations, four for fruits and four for vegetables; one equation for each color class. Due
to the large dataset, there are no degrees of freedom concerns.

To address the potential unobserved heterogeneity within the system, correlated random
effects (CRE) probit regressions are run in the first stage and the CRE variables (means of time
varying variables) are included as explanatory variables in the second stage. The theoretical
restrictions derived from utility theory; homogeneity (%;v;; = 0) and Slutsky symmetry (yy; =
Yji), are imposed during estimation.” The traditional adding up restrictions are adjusted based on
Shonkwiler and Yen (1999) changes to the expenditure share equations. Lastly, it is assumed that
the consumers buy all their F&V from this supermarket, since no data was collected from any other
food retail outlets and there are no other supermarkets nearby with the same level of quality and

variety.

7 In practice, these restrictions are typically imposed without testing (Lambert et al., 2006).
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Results
Stage 1: Probability of Purchase

The results from the first stage provide insights into what affects the different color class
purchase decisions. Table 2.3 reports the marginal effects from the probit regressions, which show
that all the color prices affect at least one color class purchase decision. Each of the color classes’
purchase decision is negatively associated with (or independent from) their own price, except for
green fruit. As the price of yellow/orange fruits, green vegetables and red/blue/purple vegetables
goes up by 1 percent, the probability of purchasing those goods goes down by 0.09, 0.16 and 0.11
percent, respectively. For the green fruit, as price increases the probability of green fruit purchase
increases along with the probabilities of purchasing white fruit, and green, red/blue/purple and
yellow/orange vegetables. Out of all the color purchase decisions, the green fruit purchase decision
is the most sensitive to price changes; six of the color prices significantly impact the probability
of them being purchased.

Having a loyalty card significantly increases the probability of purchase for all the color
classes. There were four payment method options used at this store: cash, credit/debit, WIC and
SNAP and for this analysis cash was the base case. Customers using cash are more likely to
purchase white vegetables than WIC customers, but the use of credit/debit, WIC and SNAP have
a higher or equal probability of purchase for all the other color classes compared to the cash
payment. This is noteworthy because this store, as well as other stores located in Hispanic
communities, have many shoppers paying with cash (Wang and Wolman, 2016). Other department
expenditure (total store expenditures minus F&V expenditure) is included in this first stage (but
not in the second stage demand model) as a proxy for the customer’s loyalty to this store, in

general. The more money spent in the store on items other than F&V, the higher the purchase
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probabilities are for all the color classes. The more frequently a customer shops at the store the
more likely they are to purchase all the color classes. January 2015 is the base case so, all month
dummy coefficients are in comparison to that month. All the coefficients are positive or
insignificant across all the months and all color classes, meaning from May to December there is
a higher probability of purchasing all the color classes compared to January, except for green fruits
in July and red/blue/purple fruits in September and December, which are negative. As these results
indicate, F&V color class purchase decisions are very sensitive to prices, customer purchase
behaviors and seasonality; now we move to the demand analysis, which controls for these purchase

decision.

Stage 2: Color Demand

Expenditure elasticities represent how responsive the quantity demanded of the colors are
to changes in expenditure on all F&V. The expenditure elasticities, shown in the last column of
Table 2.4, are all positive and statistically significant. The red/blue/purple and yellow/orange fruits
are the most affected by an F&V expenditure increase, as F&V expenditure increases by 1%, the
quantity purchased of red/blue/purple fruits increases by 1.04% and yellow/orange fruits increases
by 1.03%. The white fruits are the least affected by a F&V expenditure increase, as F&V
expenditure increases by 1%, the quantity purchased of white fruits increases by 0.95%. All the
colors are classified as either normal or luxury goods in this low-income community meaning there
is a willingness to spend more on them. Some examples of expenditure elasticity ranges found in
the literature for popular individual F&V are banana (0.63, 1.18); oranges (0.89, 1.74); lettuce

(0.63 to 1.39); and tomato (0.69 to 1.59) (Durham and Eales, 2010, Weatherspoon et al., 2013,

40



You et al., 1996, Lopez and Peckham, 2016, Weatherspoon et al., 2015, Naanwaab and Yeboah,
2012). Meaning the color elasticities are within the ranges found in the literature.

When a price increases there are two effects: the substitution to a relatively cheaper product
(substitution effect); and the decrease in real income from the inability to purchase as much
(income effect). The uncompensated price elasticities reflect both income and substitution effects
of a price change (shown in Table 2.4) while the compensated elasticities capture solely
substitution effects (shown in Table B.1 in Appendix B).

All the own-price elasticities are negative and statistically significant, similar to other F&V
studies. Most of the color classes are own-price elastic (greater than 1) indicating a more than
proportional demand response. Customers respond most to changes in prices of yellow/orange
fruits; a 1% increase in the yellow/orange fruit price is associated with a 1.18% decrease in the
quantity purchased. Customers are least responsive to the red/blue/purple fruit prices; a 1%
increase in the red/blue/purple fruit price is associated with a 0.99% decrease in the quantity
purchased. For each of the color classes, the own-price effect is the strongest price effect (largest
elasticity magnitude out of all price elasticities), meaning the color classes demand is more
responsive to its own price changes than to colors outsides its class.

In general, the more broadly defined the food group, the more inelastic the demand,
meaning the F&V color classes are expected to be more inelastic than the individual F&V that
make up the color class, but more elastic than the aggregated F&V classifications found in the
literature. The color class own-price elasticities ranged from -1.14 to -0.99, which is close to unit
elastic. Andreyeva et al. (2010) conducted a systematic review of food demand price elasticities
and calculated the 95% confidence interval for fruit and vegetable own price elasticities of (-0.98,

-0.41) and (-0.71, -0.44), respectively. These calculations are aggregate F&V categories; hence the
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color findings are more elastic. Price sensitivities for commonly consumed individual fruits and
vegetables have been examined in many studies. Weatherspoon et al. (2013), Durham and Eales
(2010), Lin et al. (2010) among others have estimated banana uncompensated own price elasticities
ranging from -0.98 to -0.42, implying consumers are more responsive to the white fruit class than
bananas alone, which is unexpected. Oranges (the fruit) own price elasticities range from -1.37 to
-0.72 (Durham and Eales, 2010, Weatherspoon et al., 2013, You et al., 1996); the yellow/orange
fruit elasticity calculated in this study falls within this range. Lettuce uncompensated price
elasticities range from -1.05 to -0.01 (Lopez and Peckham, 2015, Weatherspoon et al., 2014,
Green, 1999, You et al., 1996, Naanwaab and Yeboah, 2012); in comparison, consumers are
slightly more responsive to the green vegetables class than lettuce. Tomato uncompensated own
price elasticities range from -1.71 to -0.41 (Lopez and Peckham, 2015, Weatherspoon et al., 2014,
Naanwaab and Yeboah, 2012, You et al., 1996, Nzaku et al., 2010); hence, consumers are similarly
price responsive to red vegetables as they are to tomatoes, specifically. One conclusion from these
comparisons is that consumers are more responsive to the color prices than what is expected based

on prior individual F&V elasticities.
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Table 2.3: Estimated Probit Marginal Effects per F&V Color Class

G Fruit W Fruit R/B/P Y/O Fruit | G Veg W Veg R/B/P Veg | Y/O Veg
Fruit
G Fruit P 0.114%* 0.147%** -0.153%%x* 0.026 0.125%* -0.036 0.174%%* 0.097***
W Fruit P -0.076 -0.039 0.184%** 0.143%%* -0.105* 0.012 0.028 0.097**
R/B/P Fruit P -0.051 -0.026 -0.018 -0.032 -0.049 0.094** -0.034 -0.020
Y/O Fruit P -0.189*** | 0.074 -0.177%%* -0.091** 0.043 0.033 -0.005 0.063
G VegP 0.157** -0.044 -0.115%** -0.149%** -0.157** -0.123* 0.035 -0.136%***
W Veg P -0.184*** | -0.098** 0.024 -0.072%* -0.086 0.042 -0.181*** | -0.078**
R/B/P Veg P -0.090*** | 0.033 0.017 -0.029 -0.020 -0.084** -0.110*** 1 -0.014
Y/O Veg P -0.159%*** | -0.241*** | (0.089*** 0.157%*** -0.051 0.024 -0.236*** | -0.039
Loyalty Card 0.025%** 0.03 [ *** 0.004** 0.004* 0.0]3%** 0.014%** | 0.025%** 0.104%**
Credit / Debit 0.055%** 0.019%#** 0.009%*** 0.017%*** 0.045%** 0.031*** | 0.049%** 0.013#**
WIC 0.044*** 0.126%** 0.025%** 0.040%** 0.021** -0.038*** | (0.041*** -0.000
SNAP 0.013#** 0.034%#** 0.024%*** 0.022%** 0.067%** 0.051*** | 0.026%** 0.015%**
Other Dept Exp | -0.001*** | -0.001*** | -0.000%** -0.000%** -0.001*** | -0.001*** | -0.001*** | -0.001***
Other Dept Exp | 0.001*** 0.00 ] *** 0.000%** 0.000%** 0.00 1 *** 0.001*** | 0.001*** 0.000%**
Number of Visits | -0.010*** | -0.005%*** | -0.004*** -0.005%** -0.018*** | -0.013*** | -0.011*** | -0.004***
Number of Visits | 0.016*** 0.009%** 0.005%** 0.005%** (0.024*** 0.012%** | 0.0]17*** 0.005%**
May 2014 0.029%#** 0.048#** 0.004 0.010 0.005 -0.005 0.025** 0.023#**
June 2014 0.021*** 0.036%** 0.028%** 0.017%** 0019** 0.012 0.044%** 0.016***
July 2014 -0.011** 0.011** (0.0327%** 0.018*** -0.002 -0.002 0.014** 0.008**
August 2014 -0.003 0.012* 0.007 -0.003 -0.014 -0.007 -0.010 0.001
September 2014 | -0.009 0.010* -0.012%** 0.001 0.009 0.009 -0.008 0.012%**
October 2014 0.019%*** 0.016** 0.004 0.018*** 0.001 0.005 0.001 0.013%#**
November 2014 | 0.001 0.012* -0.007 0.016%** 0.026%** 0.022%** | 0.018** 0.029%**
December 2014 | 0.034%** -0.004 -0.018%** 0.007 0.016* -0.005 (0.023%*** 0.004
n = 78904

**% p<0.01, ** p<0.05, * p<0.1
Table Abbreviations: G= Green, W = White, R/B/P = Red / Blue / Purple and Y/O = Yellow / Orange
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Table 2.4: Uncompensated Price and Expenditure Elasticities per F&V Color Class

Green White Red / Yellow / Green White Red / Yellow / | Expenditure
Fruit Fruit Blue / Orange Veg Veg Blue / Orange Elasticity
Purple Fruit Purple Veg
Fruit Veg

Green Fruit | -1.05%** | -0.11* -0.06 -0.16%** 0.01 0.09 0.11%* 0.16%** 1.01%*%*
(0.125) (0.063) (0.050) (0.052) (0.076) (0.078) (0.050) (0.048) (0.009)
White Fruit -0.11 -1.10%** 0.04 0.13%** -0.03 0.08 0.09%** -0.05 0.95%**
(0.066) | (0.071) (0.041) (0.041) (0.063) (0.052) (0.041) (0.033) (0.016)
Red / Blue / -0.07 0.04 -0.99%%* -0.06* -0.01 0.01 0.01 0.04 1.04%**
Purple Fruit | (0.056) (0.045) (0.045) (0.032) (0.048) (0.040) (0.029) (0.029) (0.012)
Yellow / -0.19%#* | (. ]3%** -0.05 -1.18%%* -0.02 0.10%* 0.07* 0.17%** 1.03%**
Orange Fruit | (0.060) (0.044) (0.033) (0.053) (0.051) (0.046) (0.032) (0.032) (0.015)
Green Veg 0.02 -0.03 -0.00 -0.01 -1.09%%* -0.05 0.12%* 0.07 0.98%**
(0.071) (0.056) (0.040) (0.042) (0.090) (0.054) (0.045) (0.042) (0.015)
White Veg 0.09 0.07 0.01 0.10%* -0.05 -1.00%** -0.08* -0, 13#%* 0.98%%*
(0.079) (0.050) (0.036) (0.041) (0.058) (0.071) (0.041) (0.036) (0.025)
Red /Blue/ | 0.11%** 0.07* 0.01 0.06%** 0.12%* -0.08* -1.14%%* -0, 17%%* 1.02%**
Purple Veg | (0.050) (0.039) (0.026) (0.029) (0.048) (0.041) (0.047) (0.026) (0.013)
Yellow / 0.19%** -0.06 0.04 0.11%** 0.08 0.1 5%#* -0.19 -1.03%** 1.00%***
Orange Veg | (0.056) (0.037) (0.029) (0.033) (0.051) (0.041) (0.029) (0.039) (0.004)

Row names represent Quantities and Column names represent Prices.

Standard errors (delta method) are in parentheses.

% n<().01, ** p<0.05, * p<0.1
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Among the 56 uncompensated cross-price elasticities, 15 are significantly positive, 9 are
significantly negative and 32 are not significant. The 15 positive cross-price elasticities represent
gross substitute relationships between the two color classes, so as the price of one color class
increases the quantity demanded of the other color class increases. For example, as the green fruit
price increases by 1% the quantity demanded of the red/blue/purple and yellow/orange vegetables
increases by 0.11% and 0.19%, respectively. The nine negative cross-price elasticities represent
gross complement relationships between the two color classes. For example, as the green fruit
price increases by 1% the quantity demanded of the yellow/orange fruits decrease by 0.19%. The
cross-price elasticities that are not significant are cases where the two color classes are
independent. The red/blue/purple fruits price does not affect the quantity demanded of any other
color class and only yellow/orange fruits affect quantity demanded; hence, the red/blue/purple
fruits are almost independent from all color classes.

The majority of the fruit classes do not complement any vegetable class and the majority
of the vegetable classes do not complement any fruit class; fruits colors are complementary to
other fruit colors and vegetable colors are complementary to other vegetable colors. Also most of
the fruit color class substitutes are vegetable color classes and vice versa. Thus, consumers are
more likely to purchase more vegetable colors when the price of a fruit color class increases and
more likely to purchase more fruit colors when the price of a vegetable color increases.

The uncompensated elasticities are similar to the own-price compensated elasticities,
negative and significant. Examining the difference in magnitudes between the uncompensated
price elasticities and their compensated counterparts, reveals that the substitution effect is stronger
than the income effect. Strong substitution effect means consumers will replace a color class with

a different color class when its price increases. Also of interest is that all the cross-price
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compensated elasticities are positive or statistically insignificant, except for the relationship
between the red/blue/purple vegetables and yellow/orange vegetables. This means that the
red/blue/purple and yellow/orange vegetable color classes are net complements to one another and

all the other F&V color classes are viewed as independent or net substitutes to one another.

Policy Extension

To explore nutrition policy and programs, a subset of SNAP customers are analyzed. There
are no significant differences between the SNAP and non-SNAP customers’ price and expenditure
elasticities. In this case, the overall elasticity calculations can be used to mimic how consumers
respond to different policy and program interventions that change prices and expenditures. For
example, suppose there is an intervention aimed at increasing the quantity purchased of the three
color classes the USDA is currently emphasizing: green, red, and orange vegetables. A proposed
1% decrease in each recommended color class’ effect on the average consumer’s color class i’s

quantity purchased is found by

Total Intervention Effect on Color Class i = Z(—l) € (8)
j

where j = {green vegetable class, red vegetable class, orange vegetable class}.

The projected total percent changes in quantities purchased of each color class are shown in the
first row of Table 2.5. These percent changes were then multiplied by the average quantities
purchased to yield the average change in the quantity purchased of each color class due to the
proposed intervention. This intervention is expected to decrease the purchases of all fruit classes

while increasing all vegetable class purchases. This implies that the average consumer will respond
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to this intervention by substituting fruits, primarily green fruits, for more vegetables, in particular,

green and red/blue/purple vegetables.

Table 2.5: Changes in Quantities Purchased from a Policy that provides a 1% Decrease in
the Recommended Color Classes’ Prices

Green White R/B/P Y/O Green White R/B/P Y/O
Fruit Fruit Fruit Fruit Veg Veg Veg Veg
Percent -0.283 | -0.005 | -0.038 | -0.158 0.906 0.251 1.188 0.972
Pounds -0.207 | -0.003 | -0.013 | -0.031 0.605 0.168 0.634 0.230
Discussion

Demand for four fruit color and four vegetable color classes is explored using a modified
two-stage Quadratic AIDS approach. The first stage shows that most of the F&V color prices affect
the different F&V color purchase decisions and that the green fruits purchase decision is the most
sensitive to the different prices. Customer purchasing behaviors, like the method of payment other
than cash, shopping more frequently, being a loyalty card member and spending more on goods
other than F&V are associated with higher purchase probabilities of the different color classes.
The second stage results reveal that all the color classes respond negatively to their own price and
positively to the F&V expenditure increases, in accordance to economic theory and many
empirical F&V analyses. The ranges for the F&V color elasticities are within the ranges from the
literature on U.S. F&V demand, indicating the reliability of calculations in this analysis. Customers
generally view the fruit colors as complementary to each other and the vegetable colors as

complementary to each other, but fruit colors as substitutes to vegetable colors and vice versa. This
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is contrary to what was expected because, in general, previous literature has found individual fruits

(vegetables) to be substitutes to other fruits (vegetables) and independent from vegetables (fruits).

Policy Implications

This analysis unites the public health and economics literature on how different F&V
policies can influence F&V purchases. Policy makers’ awareness of the impact fruit or vegetable
price changes have on their respective color class demand is important to SNAP, WIC and other
nutrition oriented programs. Understanding consumer relative price responsiveness before
program implementation can assist in designing incentives which increase demand for the desired
F&V color classes. Interventions that increase F&V expenditures will increase the quantity
demanded of all the color classes suggesting that interventions aimed at, but not limited to,
increasing F&V color diversity should do so through expenditure incentives rather than price
incentives. The price elasticities found were not large enough to influence changes in prices alone
to increase F&V demand sufficiently to meet the guidelines; however, when paired with public
education programs/campaigns and improvements in food environments they can have
multiplicative effects that can substantially increase purchases and improve consumption

(Andreyeva et al., 2010).

Supermarket Management Implications
Price elasticities are useful for supermarkets because they can guide pricing decisions. To
increase overall profits, supermarket managers must focus sales (or price decreases) on the F&V

within the most elastic color classes, which are the yellow/orange fruit and red/blue/purple
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vegetable classes. These elasticities can also assist in planning and inventory management when
prices are expected to change.

F&V should be displayed throughout the store since other department expenditures are
positively correlated with the probability of purchasing all colors. The substitute and complement
relationships found among the color classes can also guide overall supermarket shelf organization
of the produce department. Complementary colors should be displayed close together, i.e. group
fruit color classes together and vegetable color classes together, according to the findings. Based
on the expenditure elasticities, there is a willingness to spend more on all the color classes,
especially red/blue/purple and yellow/orange fruits and vegetables, which implies that managers
should make these color displays central whenever there are store level interventions that increase
F&V expenditures. The top three selling F&V at this store are bananas, tomatoes and avocadoes
which all fall into different color classes and should be displayed near respective complementary

colors to draw in consumers.

Limitations and Future Research

Certain F&V were not available at this store throughout the nine-month period analyzed
(see Table B.2 in Appendix B). For the F&V that were available during the entire period, the
variation of (perceived) quality across the nine months could affect the purchases of individual
F&V as well as color classes. This and other seasonality effects on F&V color demand are not
examined here and should be investigated in future research. Perishability across the different
individual F&V and across the color classes could affect elasticities but is also not captured in this

analysis. In order to develop more definitive conclusions, future research on other populations
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F&V color demand is needed. Additionally, other nutritional classifications for F&V should be

explored.
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CHAPTER 3: DOUBLE UP FOOD BUCKS PROGRAM EFFECTS ON SNAP
RECIPIENTS’ FRUIT AND VEGETABLE PURCHASES
Introduction

There is extensive evidence of the health benefits associated with eating fruits and
vegetables (F&V); however, many Americans consume significantly less than the recommended
daily level of F&V according to federal guidelines (Klerman et al., 2014, Rose and Richards,
2004). In an attempt to help address these dietary deficiencies, the 2014 Farm Bill allocated $100
million over five years for the Food Insecurity Nutrition Incentive, a grant program designed
specifically to support programs aimed at increasing F&V consumption among Supplemental
Nutrition Assistance Program (SNAP)® participants (USDA, 2015b, FFN, 2014, FNS, 2014). One
of the programs selected to receive funding from the Food Insecurity Nutrition Incentive was the
Double Up Food Bucks (DUFB) program.

The DUFB program provides SNAP customers that spend $10 on fresh F&V (in one
transaction) with a $10 gift card exclusively for Michigan grown fresh F&V. The DUFB gift card
was activated by the store cashier immediately after the completion of the $10 F&V purchase
transaction and was valid until the end of the program. DUFB is unique in that it provides a
financial incentive for Michigan grown F&V only, while most other programs do not have a locally
grown F&V restriction (Klerman et al., 2014, Sturm et al., 2013). DUFB is also unique with respect
to its relatively large purchase hurdle followed by a lump-sum financial transfer.

The pilot project for DUFB was conducted in Detroit, Michigan; partially because it has a

large proportion of its residents living in a food desert, the largest depopulation rate from 2000 to

8 SNAP is a federal entitlement and nutrition program that provides money to low income Americans to purchase food
at grocery stores, convenience stores, and some farmers' markets and co-op food programs on an electronic benefits
transfer card, which functions like a debit card.
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2010, and in 2013 the city filed for bankruptcy and has yet to fully recover (Sugrue, 2014). Low
income urban communities with high poverty rates, like this study site, typically have high obesity
rates and substantial dietary deficiencies (including insufficient F&V consumption) (Irz et al.,
2015, Lin et al., 2010). DUFB has expanded to 17 states (FFN, 2016); hence, determining if DUFB
can increase the purchase and possibly the consumption of fresh F&V by SNAP recipients is
critical to food policy.

The purpose of this paper is to evaluate the effects of the DUFB program on F&V purchases
in a low-income community in Detroit, Michigan. Specifically, how DUFB implementation
impacts F&V purchase behaviors, how the conclusion of DUFB impacts purchase behaviors and
if DUFB has persistent effects. This evaluation is unique in that it utilizes scanner data from a
supermarket to evaluate a nutrition program versus interviews (Baquero et al., 2014), surveys (Pitts
et al., 2016), receipt collecting (Smith et al., 2013), and 24-hour food recalls (Geliebter et al.,
2013). Hence, the data does not contain self-report response bias but reflects what is purchased,
which may not represent what is consumed. Another unique aspect of this analysis is that fixed
effects estimation is used to control for unobserved heterogeneity, which provides a more reliable
estimate of program impact. Lastly, most studies conducted in the U.S. do not examine Hispanic
neighborhoods, even though the literature shows that food demand differences exist among ethnic
groups in America (Andreyeva et al., 2010, Storey and Anderson, 2014).

The next section offers background information on the study area and provides an in-depth
description of the DUFB program and other types of supermarket interventions aimed at increasing
F&V consumption. The data section describes the data collection process and the DUFB program
usage. The subsequent section provides descriptions of the analytical techniques used and the

rationale behind them. The results section details the DUFB program’s effects on different F&V
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purchase behaviors over different time periods. The concluding section provides program

implications.

Background
Supermarket Interventions

Supermarket based programs aimed at increasing F&V consumption have been
implemented within supermarkets over time. These interventions typically fall into one (or more)
of four classifications: (1) point-of-purchase information, (2) increased availability, variety, and
convenience, (3) promotion and advertising, and (4) financial incentives (Glanz and Yaroch,
2004). Interventions providing point-of-purchase information do so in a variety of ways, such as
providing nutrition brochures, or having signage specifying which food items are healthy choices
and/or suggesting healthy recipe ideas. These interventions are usually the simplest and cheapest
to implement and do not require much from the supermarkets managers. How effective these
programs are effective at increasing consumers’ nutritional knowledge and consumption of F&V
is debatable. The literature offers mixed results and among those which find influential effects,
find the effects to not be sustainable over time (Colapinto and Malaviarachchi, 2009, Ogawa et al.,
2011). Increased availability, variety and convenience can come through a wide range of
interventions and business decisions, from a supermarket moving into a food desert community to
a supermarket having fresh F&V pre-cut for convenient consumption. The costs and beneficial
effects of such interventions vary greatly. Promotion and advertising of F&V can be done alone
but is often done as an additional component of a larger intervention (Glanz and Yaroch, 2004).
Typically, these interventions include the use of store displays and promotions, in addition to

community outreach and nutrition education (Lee et al., 2015, Gittelsohn et al., 2009). Some of
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these comprehensive interventions have relatively large impacts on healthy food choices (Baquero
et al., 2014, Olstad et al., 2016).

Financial incentives to encourage F&V consumption are often costly and difficult to
implement since they require technology support of the point of sale system for implementation.
Programs with financial incentives are often only implemented for a short period of time (typically
less than a year) (An, 2013). There are two types of financial incentives commonly implemented;
a subsidy type (given immediately) and a rebate type (given after purchase to be used on another
purchase). The Healthy Incentives Pilot Program, a subsidy program, provided SNAP customers
with a 30% price reduction on targeted F&V purchases and was found to increase F&V
expenditures among SNAP consumers in western Massachusetts by 20% (Klerman et al., 2014).
An example of a rebate intervention is the Health Bucks Program which gave SNAP recipients a
$2 coupon for every $5 they spent using their benefits at a participating farmers market. The
average daily EBT sales at farmers markets in New York City significantly increased due to the

program (Baronberg et al., 2013).

DUFB

The DUFB program is a financial incentive type intervention. DUFB provides SNAP
customers that spend $10 on F&V (in one transaction) with a $10 gift card exclusively for
Michigan grown F&V from that store during the DUFB implementation period (i.e. a financial
incentive). A neighborhood promotion was launched through fliers informing residents of the
program and signs were displayed throughout the store reminding shoppers of the program.
Cashiers were trained to tell customers of the program and to alert them for every transaction that

approaches program eligibility.
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DUFB has a three-fold goal: (1) assist low income households in eating more F&V, (2)
assist local farmers in selling more of their crops, and (3) keep more food dollars in the local
economy (FFN, 2014). The DUFB program is expected to increase F&V purchases since it offers
a financial incentive. Whether the program is more effective than other financial incentive
interventions is unclear because of the requirement that customers must purchase $10 worth of
F&V to receive the $10 gift card. This purchase hurdle requirement before any benefit is received
in the DUFB program mirrors the early purchase requirements of the food stamps program which
required low-income households to meet food purchase requirements in order to receive food
stamps (Clarkson, 1975, Stucker and Boehm, 1978). The purchase hurdle could encourage more

expenditures dedicated to F&V or deter consumers from participating in the program at all.

Heterogeneous Program Effects

Focusing solely on the average effects of a nutrition intervention across all consumers can
miss significant distributional effects. Figure 3.1 displays how DUFB works in terms of a lumpy
government transfer to SNAP recipients that spend at least $10 on F&V. The budget line of the
SNAP consumers without DUFB is the red dotted line while the solid blue line is the SNAP
consumer budget line under the DUFB program. From 0 to x; these budget lines overlap but at x;
the budget line under DUFB expands outward for F&V only. The gift card that DUFB provides is
only valid for F&V which is represented by the flat segment of DUFB budget line from xi to xa.
Since the tradeoff between F&V and all other goods once the gift card is spent (at x2 on figure) is
the same before the gift card was received, the budget line after x, is parallel to the budget line
before xi. The indifference curves represent the bundles of F&V and all other goods that a

consumer is indifferent between. The shape of the indifference curves reveal the assumption that
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F&V as well as all other goods are classified as normal goods. Three SNAP consumer cases evolve

based on the DUFB program:

1. Consumer Type A (purple utility curve): SNAP consumers whose F&V expenditure is far
below the DUFB purchase hurdle and hence do not participate in DUFB.

2. Consumer Type B (green utility curve): SNAP consumers with moderate F&V expenditure,
just below the DUFB purchase hurdle. In order to participate in and benefit from DUFB
requires they trade part of their all other goods expenditure for more F&V, which would lead
to higher utility (point b’) as a result of acquiring the gift card.

3. Consumer Type C (yellow utility curves): SNAP customers whose F&V expenditure is above
the DUFB purchase hurdle. They will earn and use the DUFB gift card, which gives them

higher utility (point ¢ compared to c’).

As can be seen in the figure, the expected changes in F&V purchases vary across these
consumer types. Consumer Type A will not change their F&V purchases (since they are not
participating). If Consumer Type B participates in DUFB they will increase their F&V purchases
the most out of the three types; their F&V purchases will increase by more than the gift card value
due to the substitution from all other goods to F&V in order to participate. Consumer Type C will
get more all other goods and more F&V under DUFB but their gain in F&V may be less than the
gift card value because the gift card freed up money originally spent on F&V to buy all other
goods. Throughout the remainder of the paper Consumer Type A refers to consumers who
purchased little to no F&V, Consumer Type B refers to consumers who purchased moderate F&V,
and Consumer Type C refers to consumers who had a high preference for F&V before DUFB was

implemented.
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Figure 3.1: DUFB Effects on Different Consumer Types
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Data

Scanner data from a Detroit independent supermarket that participated in DUFB is used
for this study. The store is located in a low-income predominantly Hispanic community (within
the census tract Hispanic is the primary ethnicity; 69% of households are families; 90% have not

attended any type of college and the median household annual income is under $30,000 (Office of
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Social and Economic Data Analysis 2010b)). The data includes all store transactions from May
2014 through January 2015. The unformatted receipt text file was converted into a Stata file using
Python version 2.7.2. A unique identifier was created for 41% of the transactions where the
customer either had a loyalty card,” credit card, debit card, SNAP benefits card or a Women,
Infants and Children (WIC) account. The data was then transformed into a panel dataset where
each observation represents a customer’s monthly purchases. The panel dataset structure allows

the comparison of F&V expenditures over time for each consumer with a unique identifier.'

Store Expenditures

Table 3.1 provides descriptive statistics on the shopping behaviors of 12,699 unique
identifiable customers (those customers with ID numbers). The average customer for this store
spends $83.69 overall and $4.92 on F&V per month. For those customers that purchase F&V at
least once per month, their average F&V expenditure is $8.60. The average F&V expenditure share
is 6.21%, slightly more than half the national average F&V expenditure share from supermarkets
(11.6%) (FMI, 2016). The average customer spends more on vegetables than fruits.

Comparing SNAP customers before DUFB with the rest of the customers at this store
shows that they spend more overall and more on F&V, but have lower F&V expenditure shares,
on average. SNAP customers who purchased F&V before DUFB, purchased on average $8.12

worth of F&V a month, which is less than the transaction level purchase hurdle that DUFB requires

% Although there are weekly sales at this store, the loyalty card was not needed for the customer to receive them,; rather
all customers received them automatically. The loyalty card at this store allows the customer to accumulate points
from all their purchases and receive a free gift once they cross a spending threshold.

19 The Kolmogorov-Smirnov equality of distributions test rejected the null hypothesis that the two group’s F&V
expenditures have the same distribution. Hence, the analysis in this study is valid for identifiable customers but may
not be representative of the entire store.
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($10). This is an initial indicator that the purchase hurdle may be too high to incentivize F&V

purchases.

Other Shopping Behaviors

Approximately 80% of the customers purchased a fruit or vegetable at least once in the
nine-month period and 18% purchased a fruit or vegetable every month in the nine-month period.
On average customers purchase 2.2 different types of F&V per month. The average shopping
frequency at this store is 2.7 times a month, which is low compared to the national average of 6
supermarket visits a month (FMI, 2016). The number of identifiable customers that shopped during
the individual months is relatively steady throughout the nine months, ranging from 6,051 to 6,332

customers per month (not shown in Table 3.1).

Payment Method

The customer payment breakdown for this store is unique; 62.1% of customers paid with
SNAP benefits, 40.6% cash, 6.6% Debit or Credit, and 1.7% WIC.!' Nationally, there is a much
lower prevalence of SNAP purchases and cash purchases and higher prevalence of credit and debit
purchases (Statista, 2017); however, previous research has shown that Hispanics pay with cash
more frequently than other races and ethnicities (Wang and Wolman, 2016) and this is a low-

income community so SNAP participation is higher.

' Payment Methods are not mutually exclusive because if the customer uses a loyalty card they can pay with more
than one method within the month and still have the same ID number.
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Table 3.1: Descriptive Statistics of the Panel Dataset

Monthly Mean | SNAP Customers
over the Entire Monthly Mean
Dataset Before DUFB
Store Expenditure $83.69 $98.98
F&V Expenditure $4.92 $5.21
Conditional F&V Exp ? $8.60 $8.12
F&V Expenditure Share 6.21% 5.63%
Fruit Expenditure $2.11 $2.42
Vegetable Expenditure $2.82 $2.86
F&V Variety 2.19 2.47
Number of Visits 2.67 2.79
Number of Percent of All
Unique Unique Customers
Customers
With ID 12699 100
Purchased F&V at least 10152 79.9
once
Purchased F&V each 2301 18.1
month
Paid with SNAP ? 7880 62.1
Paid with Credit or Debit ? 839 6.6
Paid with Cash ? 5160 40.6
Paid with WIC? 211 1.7
Loyalty Card Members 3564 28.1

a. Conditional on F&V being purchased.

b. Payment Methods are not mutually exclusive because if the customer uses a loyalty card
they can pay with more than one method within the month and still have the same ID
number.

Methods

This study estimates the causal effects of the DUFB program using a quasi-experimental
approach. Eligibility of customers to participate was nonrandom given that only and all SNAP
beneficiaries were eligible to participate in DUFB. Throughout the literature there are a couple

common approaches for addressing nonrandom treatment assignment. Propensity Score Matching
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(PSM) uses observed individual characteristics to calculate a probability of participating in the
treatment and then matches the participants to nonparticipants with similar calculated participation
probabilities (Khandker et al., 2010). This method is not used in this analysis because no personal
information was collected on the customers. Since the cutoff for DUFB eligibility is based on
income (SNAP eligibility), and this is not collected from the customers, Regression Discontinuity
methods are not appropriate (Khandker et al., 2010). Pipeline methods use different program
implementation periods to classify participants and nonparticipants but the DUFB program started
and ended at the same time for all customers at this store; hence, is not a suitable method.
Difference in Difference (DD) relies on data of both the treated and the control groups before and
after treatment, to control for any confounding effects present, in order to estimate the treatment
effects (Imbens and Wooldridge, 2008). This panel dataset permits the use of both a cross-sectional
estimator and a time-series estimator to difference away any permanent differences between the
groups and any common trends affecting both groups; hence, the non-random treatment

assignment of DUFB is addressed by using DD.!?

DUFB Low Participation

DUFB program participation was defined by whether the SNAP customer earned and used
the DUFB gift card on Michigan F&V in another transaction. The DUFB gift card was activated
by the store cashier immediately after the completion of the $10 F&V purchase transaction and
was valid until the end of the program. The DUFB gift card usage was low at this store, only 535
transactions (1.87% of all SNAP transactions during implementation) used a DUFB card to

purchase Michigan grown F&V. There were 156 unique customers who used the DUFB card once,

12 The Parallel Trend Assumption is addressed in Appendix C.
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23 who used it twice, seven who used it three times, and four who used it four or more times during
the four-month implementation.'*> The number of times a customer can spend $10 on F&V and
receive $10 for Michigan grown F&V was unlimited during the 4-month implementation period;
however, eight was the maximum number of times that a single customer used the program.
DUFB participation was low enough that concerns of noncompliance are present; hence,
the Intention to Treat (ITT) is estimated (Khandker et al., 2010). ITT interpretation of results are
not biased from this noncompliance of the participants since it is based on the initial treatment
assignment rather than based on whether or not the customer actually participated (Khandker et
al., 2010). This categorizes all SNAP participants as being treated by DUFB, even though many
did not receive or redeem their $10 gift card (the effect of being assigned to treatment rather than

the effect of receiving treatment); hence the ITT analysis provides a conservative estimate of the

treatment effect (Shadish et al., 2002).

Estimation Strategy
The program effect is estimated by the following regression:
Yit = a+ B (SNAP.* T) + p SNAP; + ymonth + § x;; + ¢; + €;

where Y;; is the F&V purchase behavior for customer 1 during month t, SNAP;; is a dummy for
whether customer i is a SNAP customer (1) or a non-SNAP customer (0) in month t, T is a program
time indicator variable and month is a vector of month indicator variables. The x; term is a vector
comprised of the time variant customer specific covariates: monthly store non-F&V expenditure
and number of shopping trips that month. The c; is the customer fixed effect and the €;; is the error

term. Fixed effects estimation is used to control for the time invariant unobserved customer

13 Some DUFB transactions do not have an identifier associated with them because no loyalty card was used and the
DUFB gift card was the only payment method used.
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heterogeneity. The B parameter (the coefficient on the interaction between the time and the

treatment variables) is capturing the average DD effect of the DUFB program.

F&V Purchase Behaviors

There are six different F&V purchase behaviors that are examined to determine the effects
of DUFB: F&V expenditure; fruit expenditure; vegetable expenditure; F&V expenditure share;
F&V variety; and F&V purchase decision. F&V expenditure is the aggregate dollar amount spent
during the month on all fresh F&V. Fruit expenditure and vegetable expenditure are the
independent allocation of those expenditures, which reveals how each are individually affected.
F&V expenditure shares measure the ratio of fresh F&V purchases to all other store purchases to
identify how the F&V expenditures change relative to expenditures in the rest of the store. Variety
of F&V is a count of the different F&V purchased during the month, which captures whether the
program increased the diversity of F&V purchased. The F&V purchase decision is the customer’s
binary decision to purchase F&V or not, to illustrate whether the program incentivized customers

to purchase F&V. Evaluating these purchase behaviors reveals the potential effects of the program.

Program Time Indicator Variables

The dataset was divided into three time periods: before DUFB (May 1, 2014 — July 31,
2014), during DUFB (Aug 1, 2014 — Nov 30, 2014), and after DUFB (Dec 1, 2014 —Jan 31, 2015).
The three time periods allow the analysis of the following purchase behavior comparisons: before
versus during DUFB to determine how the implementation impacts purchase behaviors; during
versus after DUFB to determine how the conclusion of DUFB impacts purchase behaviors; and

before versus after to determine if DUFB has any persistent effects. To examine the initial DUFB
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incentive effect, the time variable, T, is defined as O if the observation is before DUFB and 1 if
during DUFB. To measure whether the conclusion of DUFB has an effect, the time variable, T, is
redefined as 0 if the observation is during the DUFB implementation and 1 if after the
implementation. Whether DUFB has a persistent effect or not is measured through redefining the
time variable, T, to O if the observation is before the DUFB implementation and 1 if after the

implementation.

Heterogeneous Program Effects

To empirically capture how the program affected each of the three different types of
consumers described in Figure 3.1, all analysis is repeated for each consumer type separately.
Customers are categorized based on their F&V monthly expenditures before DUFB: Consumer
Type A for [$0, $5) F&V expenditure, Consumer Type B for [$5, $10] F&V expenditure, and
Consumer Type C for ($10, ) F&V expenditure. Both the treated (SNAP customers) and
comparison (non-SNAP customers) groups are divided so that changes in SNAP consumer type 1
shopping behaviors are compared to changes in non-SNAP consumer type i shopping behaviors
only (i in {A, B, C}). Table 3.2 provides some insight to the different types of consumers. Out of all
the SNAP and non-SNAP customers, the majority are type A, followed by type C and lastly type
B. Three percent of customers classified as type A participated in DUFB, 4.1% for type B, and
8.2% for type C. When the DUFB participants are broken down by type of customer, 48.8% are

type A, 16.4% are type B and 34.8% are type C.
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Table 3.2: Customer Types Descriptive Statistics

Customer Type | Percent of All Percent of Percent of Type | Percent of those
Customers SNAP that who
Customers Participated Participated
A 70.0 66.6 3.0 48.8
B 14.7 16.3 4.1 16.4
C 15.3 17.1 8.2 34.8
Results

All six dependent variables (F&V expenditure, fruit expenditure, vegetable expenditure,
F&V expenditure share, F&V variety and the F&V purchase decision) are run for the three
program effects based on time across all SNAP customers, yielding 18 regressions. Then the 18
regressions were run again separately for each consumer type to see how DUFB affected the three
types of F&V shoppers separately, thereby providing a total of 72 regressions. Table 3.3 offers a
summary of the DUFB effects on the six F&V purchase behaviors over time and over consumer
types. The complete regression results on the six purchase behaviors for all the customer types
together are shown in Appendix C; Table C.1 for the initial incentive effects (before versus during
DUFB); Table C.2 for the after incentive effects (during versus after DUFB); and Table C.3 for
the persistence of program effects (before versus after DUFB). These regressions were originally
estimated using a linear regression with fixed effects to provide a linear approximation of program
effects. This allows the unobserved heterogeneity to be controlled for through fixed effects, while
offering a clear interpretation of the results across the different effects (Wooldridge, 2010).

However, as a robustness check each regression was re-estimated with an appropriate nonlinear
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model.'

For the expenditure and expenditure share regressions Tobit models were estimated (due
to a high prevalence of no F&V purchases in the dataset). For the F&V variety model a Poisson
regression was estimated (because the variety variable is a count variable) and for the F&V
purchase decision a probit regression was estimated (because the decision to purchase F&V is a
binary variable). A summary of the results from the nonlinear regressions, over all customer types,
are shown in Table C.4 in Appendix C. The linear and non-linear models have similar results in

terms of signs and significance but have slightly different magnitudes due to estimation

procedures; therefore, only the linear models will be discussed.

DUFB Program Effects

An increase of $0.40 in the SNAP customers’ monthly F&V expenditures is attributable to
the DUFB program being implemented, which is approximately a 5.8% increase. This implies that
over the four months that DUFB was implemented, SNAP customers spent a total of $1.60 more
on F&V compared to what they would have spent had the DUFB program not been implemented.
However, most of that significant increase in expenditure is from increased expenditures on
vegetables, which increased by $0.33 a month due to DUFB, while the fruits expenditure did not
significantly increase due to DUFB. Examining changes in these expenditures across the different
types of consumers reveals that DUFB increased SNAP Consumer Type B’s the most and
statistically increased both their fruit expenditures and vegetable expenditures. DUFB statistically
increased the F&V expenditure share by 0.7% on average but this significant increase was not

present among type A consumers. The number of F&V varieties purchased increased by 0.11 F&V

14 Correlated Random Effects are estimated in these nonlinear regressions (time averages of the time varying
customer specific explanatory variables included as additional explanatory variables) to avoid the incidental
parameters problem present in fixed effects nonlinear models (Wooldridge, 2010).
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due to DUFB, driven mostly by the type B consumers. DUFB did not have any influence on the
decision to purchase F&V.

The loss of the DUFB financial incentive is responsible for a $0.27 (roughly 3.6%) decline
in the monthly F&V expenditure of the SNAP participants. Examining the F&V expenditure
effects separately reveals that the program decreased monthly vegetable expenditures by $0.19,
but had no significant impact on fruit expenditures. These SNAP consumers spend less money on
fruits than vegetables, on average, and their fruit expenditure is not affected by the implementation
nor conclusion of the DUFB program while their vegetable expenditure is statistically affected by
both. None of these expenditures significantly changed for the individual consumer types except
vegetable expenditures significantly decreased for the type C consumers. The F&V expenditure
shares and the variety of F&V significantly decreased after the DUFB ended by 0.5% and 0.16
F&V, respectively. F&V purchase decisions were unaffected by the start and end of DUFB. None
of consumer type B’s F&V purchasing behaviors significantly changed due to the DUFB program
ending.

The DUFB program has positive effects on the F&V purchase behaviors and the conclusion
of DUFB has negative effects; however, this raises the question as to whether the program has any
lasting impact on the purchasing habits of customers. This is investigated by comparing the F&V
expenditures before and after DUFB implementation. There are no statistically significant
differences in fruit or vegetable expenditures, F&V expenditure shares, F&V variety and the
probability of purchasing F&V before or after DUFB was implemented. Hence, DUFB does not
have a lasting effect on any of these dimensions of consumer F&V purchasing behavior at this
store and all F&V purchasing behaviors return to where they were before DUFB was implemented.

This is also true for the consumer types A and C, with the exception in decreased F&V variety for
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Table 3.3: Summary of DUFB Effects over Time and Consumer Types

All Consumer A | Consumer B | Consumer C
Consumers
Before versus During
. $0.40%* 50307 $0.08%** 30.43
F&V Expenditure (0.143) 0.131) (0.244) 0.381)
et Exoenditare $0.08 $0.04 $0.52%%* 2$0.03
P (0.083) (0.075) (0.148) (0.228)
Ve Fxoenditure 30.33%%* 30.26%** $0.46%** $0.47%
g Expenditu (0.096) (0.090) (0.164) (0.255)
0.70% %+ 0.26% 1.74%% 1120+
F&V Exp Share (0.216) (0.229) (0.394) (0.389)
. 0.11% 0.08 0,247 20.05
F&V Variety (0.049) (0.043) (0.090) (0.119)
i 0.01 20.00 0.02 0.02
F&V Purchase Decision | ) 0.011) (0.016) (0.015)
During versus After
. 25027 2$0.20 250.41 2$0.45
F&V Expenditure (0.161) (0.168) (0.309) (0.433)
Fruit Exoenditare 2$0.08 2$0.03 -$0.10 30.07
P (0.091) (0.094) (0.180) (0.245)
Veo Exbenditure -$0.19* $0.16 55031 -$0.53*
g BXPp (0.110) (0.118) (0.208) (0.289)
20.53% 20.53%* -0.38% 1.21%
F&V Exp Share (0.238) (0.276) (0.428) (0.443)
. 20167 20,137 20.13 20.20%
F&V Variety (0.055) (0.061) 0.112) (0.134)
» 20.01 20.01 0.01 0.00
F&V Purchase Decision | ;1) (0.013) (0.020) (0.019)
Before versus After
. $0.07 2$0.04 $0.50 7$0.02
F&V Expenditure (0.191) 0.172) 0312) (0.508)
Frait Exoenditure $0.06 -$0.08 $0.36* 30.24
P (0.110) (0.097) (0.157) (0.296)
Ven Expenditure $0.01 2$0.04 30.14 2$0.26
g EXp (0.128) (0.119) (0.201) (0.343)
20.10% 20.39% 1.06%"* -0.08%
F&V Exp Share (0.279) (2.99) (0.466) (531)
. 20.077 20.06 0.09 20,38
F&V Variety (0.066) (0.064) (0.118) (0.155)
i 20.015 20.02 0.04* 20.00
F&V Purchase Decision | ) ;3 (0.014) (0.021) (0.019)

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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type C. However, the type B consumers do have persistent significant increases in fruit

expenditure, F&V expenditure shares and the decision to purchase F&V after DUFB.

Other Factors

There are three main factors, other than the DUFB program, that influenced the F&V
purchasing behaviors: seasonality, frequency of store visits, and non-F&V store expenditures.
Most of the month dummy variables are significant, meaning that seasonality affects customers’
F&V expenditure shares, variety of F&V purchased and their decision to purchase. Fruit
expenditure is higher in the warmer months of the year, similar to national data (Cox et al., 2000).
The number of store visits the consumer makes in a month and the F&V purchasing behaviors are
significant and positive for all the program times. The more frequently a customer shops at the
store the greater their F&V expenditures, the higher their F&V expenditure share, the more
varieties of F&V purchased and the more likely they are to purchase F&V. Consumers who spend
more money throughout the rest of the store spend more money on both fruits and vegetables,
purchase more varieties of F&V and are more likely to purchase F&V. However, as the non-F&V
expenditure increases, the F&V expenditure share decreases. These relationships are consistent

across the program time comparisons.

Conclusion

To incentivize SNAP participants to consume more F&V, the DUFB program gave $10
gift cards for Michigan grown F&V to SNAP customers that spent $10 on F&V. The DUFB
program increases SNAP customers’ vegetable expenditures, F&V expenditure shares and the

variety of F&V purchased during implementation; however, persistent program effects on

69



purchasing behaviors are lacking and may require longer interventions, as shown in other studies
(Song et al., 2009). The DUFB effects were relatively modest compared to what other financial
incentive programs in supermarkets have generated (Klerman et al., 2014, Herman et al., 2008,
Young, 2013). The Healthy Incentives Pilot program, subsidy intervention, gave SNAP customers
30% off on targeted F&V purchases and increased F&V expenditures by 20% (Klerman et al.,
2014), which was larger than the 5.8% F&V expenditure increase found for DUFB. An
intervention implemented in Pennsylvania which gave low-income customers a 50% rebate on
fresh and frozen F&V (for eight weeks), and then a 25% rebate during a tapering phase (for four
weeks) before ending was also found to be more impactful. Similar to DUFB, this program
significantly increased the treated households’ weekly F&V purchases, vegetables more so than
fruits, and when the incentive was discontinued, households returned to their baseline F&V
purchases (Phipps et al., 2015). Herman et al. (2008) found that WIC participants in Los Angeles,
California increased their consumption of F&V due to a F&V subsidy intervention and maintained
the increase six months after the intervention ended (Herman et al., 2008).

Examining how the program affects the different types of consumers based on their initial
F&V expenditures shows that the DUFB program is more effective for the consumers who spent
a moderate amount of money on F&V before DUFB started than those who spent very little or a

lot on F&V before the program.

Program Implications
The lack of participation and persistence of program effects are concerning for the DUFB
program. DUFB participation was extremely low, evident by only 535 DUFB transactions out of

the 28,609 total potential SNAP transactions during DUFB implementation at this store. This low
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participation rate, especially compared to subsidy type financial incentive programs, could be an
indication that the $10 F&V purchase hurdle discourages participation rather than encouraging
spending more. This purchase hurdle requirement prior to any benefits being received in the DUFB
program mirrors the early purchase requirements of the U.S. food stamps program which required
low-income households to meet food purchase requirements in order to receive food stamps
(Stucker and Boehm, 1978). The large hurdle failed for DUFB as it did for SNAP in the past;
hence, one suggestion to increase the participation rate is to make this purchase hurdle lower.
Another aspect of the program that could be influencing the participation rate is the fact
that the DUFB gift card is not available until after the initial transaction is complete. For the
customers who shop less frequently a program which gives immediate benefit would be more
effective (Prell and Smallwood, 2017). The literature suggests addressing the concern of limited
program effect persistence through implementing the programs for longer periods of time (Song
et al., 2009, An, 2013). By doing this, higher program costs are unavoidable; hence, the benefit
and costs of extending the program duration should be evaluated by the program implementers.
Prell & Smallwood (2017) use neoclassical economics to show that the effectiveness of the
subsidy versus rebate program types depend on the proportion of SNAP consumers who fall into
the different consumer types (Prell and Smallwood, 2017). In this community, the majority of
consumers purchase little to no F&V (less than $5 worth a month). Consumers who initially
purchase no F&V’s are less responsive to initiatives that require them to pay something to
participate (Prell and Smallwood, 2017). The results from this analysis agree with this, in that the
program is more effective at improving F&V purchase behaviors among those that already were
purchasing from a moderate amount to a lot F&V per month. However, programs need to target

those consumers who purchase little to no F&V because they will gain the most health benefits
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from additional F&V consumption, due to diminishing returns (Prell and Smallwood, 2017). A
more economically efficient type of incentive program for this community would be a subsidy
type program, for example giving a discount on all Michigan produce purchased. Another potential
program option is every dollar a customer spends on F&V be matched in their next transaction.
The results indicate that the program has no significant effects on the F&V purchase decision so
the store should cross-merchandize and have signage and displays more throughout the rest of the
store (outside of the produce department) to target those customers who may not typically enter
the produce department.

Consumer preferences are important factors to consider in evaluating the effectiveness of
consumer behavior based programs. Analyzing the most frequently purchased F&V at this store
reveals that the grown in Michigan requirement should be dropped in order to encourage increased
F&V consumption. Michigan grown F&V are apples, asparagus, blackberries, blueberries,
cabbage, carrots, celery, cherries, corn, cucumbers, onions, peaches, pears, plums, raspberries,
strawberries, and tomatoes (MDARD, 2016). Only two of these (apples and peaches) make the list
of the top ten sold fruits and five of these (cabbage, carrots, cucumbers, onions and tomatoes)
make the list of the top ten sold vegetables at this store. This divergence between preferences and
gift card eligibility could be driving the low program participation and the lack of DUFB effect on
fruit expenditures.

Though the DUFB program had a modest impact on F&V purchases, it also invoked
relatively small costs for the store. The costs the store faced due to DUFB implementation were:
signage and displays to promote DUFB; employee training on what DUFB is, how to give and
accept the gift cards as well as how to inform customers about it; programming the POS system;

and any switching costs affiliated with having to provide more in-season Michigan produce.
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Limitations and Future Research

Limitations of this study associated with external validity are present, as with most
nutrition program evaluations. This study focuses on a subset of the population which limits the
generalizability of the results beyond this community. With respect to internal validity, one
possible confounding issue is if there were any changes to federal or state level SNAP policy.
There are no other store receipt data available, implying the assumption that these consumers only
purchase their food from this supermarket. This assumption is not as restrictive as it may seem
given that there are no other nearby supermarkets with similar assortment and quality. Finally, it
should be noted that one limitation of expenditure analysis is that it does not capture changes in
F&V choices and the differences in relative prices, which could be partially driving the expenditure
changes. Future research should collect information about consumer demographics to be able to

compare how the DUFB affects consumers differently across different demographics.
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APPENDIX A: Supplementary Material For Chapter 1

Proof of Lemma 3
The Derivation of ® and @ values.
The @ value is the @ that makes even having duopoly profit with the high costs profitable in the
food desert. Hence @ is the maximum value such that
0 <E[nd (cc)| —® whichiswhen 0 =E[n} (c0) | — @.

Hence,

E[nd o) =E [(?)

which implies

j— 1 - =2
) —ﬁ(1—3c+3c ).

The @ value is the @ that makes having monopoly power with the high costs unprofitable in the
food desert. Hence @ is the minimum value such that

0 ZE[T[%I (E)] — ® which is when 0 =E[T[%[ (E)] — O,

E[n?%(a]=}a’(9;5>2]=®

® =— (1-3c+3c).

Hence,

which implies
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Proof of Proposition

The derivation of the r, Ac(®) and Ac(®P) values.

The probability r is the probability associated with the MSNE of the first period game. It is the
probability that makes a supermarket indifferent between entering and not entering in the first

period given that the other supermarket will also enter with probability r.

The probability r is the solution to the following:
rE(simultaneous entry in period 1) + (1 — r)E(leader profit)
= rE(follower profit) + (1 — r)(s? * (simultaneous profit in period 2)
+ (s(1 — s))(monopoly profit in period 2))
which is equivalent to

r (E [niDl (c,o) + niDZ (g, g)] - D) +

(1-r1) E[n] @]+ E[n} (¢c)|6>08](1—-08) + E[nhh(c)|0<8]8 —D) =

r(E[n) (co)-@|6>08](1-8)+

(1-1) (s?* (E[nd (O] — @) +s(1 —s)(E[n ©)] — D).

The function for the probability r is not displayed due to its complexity, but it is a function of @

and Ac,i.e.r = r (@, Ac). To get the Ac(P) value, solve the implicit function 0 =r (P, Ac) for Ac

and to get the Ac(®) value, solve the implicit function 1 =r (®, Ac) for Ac.
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Graphical Analysis Redone for the Cost Advantage on the Fixed Investment Costs

Whichever supermarket(s) enter the food desert in period 1 will face low investment costs, @

(rather than the Marginal Costs)

Whichever supermarket(s) enter the food desert in period 2 will face high investment costs, .

Both supermarkets face the same marginal costs, ¢, no matter which period they enter.

Figure A.1: Period 1 Investment Decisions with a Fixed Investment Cost Advantage
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Figure A.2: Follower Investment Decision with a Fixed Investment Cost Advantage
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Figure A.3: Marginal Cost Effect on the Entry Probabilities with a Fixed Investment Cost

Advantage
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Figure A.4: Investment Cost Advantage from Early Investment Effect on the Entry
Probabilities
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Note: r is the first period entry, s = 0 is the second period initial entry, and t
is the sequential entry after leader.
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APPENDIX B: Supplementary Material For Chapter 2

Table B.1: Compensated Price Elasticities

Green White Red / Blue / Yellow / Green White Red / Blue / Yellow /
Fruit Fruit Purple Fruit | Orange Fruit Veg Veg Purple Veg | Orange Veg

Green Frui¢ | 0-916%** 0.017 0.056 -0.046 0.154%* | 0218%** | (.237%** 0.280%%*
cen krult 1 0.125) (0.063) (0.050) (0.053) (0.076) (0.078) (0.050) (0.048)
White Fruit | 0018 -0.984% %% | (.]54%% 0.241 %% 0.099 0.200%%* | 0.209%** 0.063*
ekt 0.066) (0.071) (0.041) (0.041) (0.063) (0.052) (0.041) (0.033)
Red/Blue/ |  0.064 0.166%%* | -0,873%%* 0.064%** 0.133%%% | (.144%%* | (.]44%%* 0.158%%x*
Purple Fruit | (0.056) (0.045) (0.045) (0.032) (0.048) (0.040) (0.029) (0.029)
‘é‘;‘;‘l’lw e/ -0.052 0.261 %% 0.064 1.058%¥% | 0.128%* | 0.235%%x | (20]%** 0.222%
Fmi% (0.060) (0.044) (0.044) (0.053) (0.051) (0.046) (0.032) (0.032)

Green V 0.145%* 0.088 0.110* 0.106** | -0.952%** |  0.082 0.244%% 0.177%%*
reen Veg 1 (0.071) (0.057) (0.057) (0.042) (0.090) (0.054) (0.045) (0.042)
White V 0.219%%* | (.]92%** 0.128%** 0.208%%** 0.088 | -0.874%%* 0.052 -0.014
eves | (0.079) (0.050) (0.050) (0.041) (0.058) (0.071) (0.041) (0.036)
Red /Blue/ | 0.239%%* | 0201%%* | (.]29%** 0.178%%*% | (.262%** 0.052 -1.009%*% | -0.053%*
Purple Veg |  (0.050) (0.039) (0.039) (0.029) (0.048) (0.041) (0.047) (0.026)

Yellow / | 0.321%%x 0.069* 0.160%%** 0.225%%% | 0.216*** | -0.016 0.060%* | -0.915%%*
Orange Veg | (0.056) (0.037) (0.037) (0.033) (0.051) (0.041) (0.029) (0.039)

Row names represent Quantities and Column names represent Prices.

% p<(.01, ** p<0.05, * p<0.1
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Table B.2: Partially Unavailable Individual F&V and the Number of two-week Periods
Unavailable

Fruit or Number of Two-week Periods
Vegetable Name Unavailable

apricots 7
blueberries 9
Brussel sprouts 2
cherries 7
honeydew 3
jicama 3
plums 5
pumpkin 13
radishes 9
strawberries 5
turnip roots 2
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APPENDIX C: Supplementary Material For Chapter 3

Parallel Trend Assumption

The parallel trend assumption is what alleviates the endogeneity of the treatment concern
for the DD estimators. It requires that in the absence of treatment, the average change in the F&V
expenditure would have been the same for both the treatment and comparison groups. To assess
this assumption the unconditional F&V expenditure patterns in SNAP versus non-SNAP before
DUFB were compared. Figure C.1 shows the lines of best fit for SNAP and non-SNAP F&V
purchases before the DUFB program. It shows that the SNAP F&V purchases over time were
moving roughly together with the non-SNAP F&V purchases, which provides confidence that the
parallel trend assumption is satisfied. Hence, the non-SNAP consumers’ transactions over time

were used as the comparison group for analysis.

Figure C.1: SNAP versus Non-SNAP Customers F&V Purchases Before DUFB
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Table C.1: Before versus During DUFB Implementation Regression Results

) 2 3) “ ©) (6)
Variables F&V Fruit Veg F&V F&V F&V
Exp Exp Exp Exp Variety | Purchase
Share Decision
DUFB Effect 0.40%** 0.08 (0.33%** 0.01#** 0.11%* 0.01
(0.143) (0.083) (0.096) (0.002) (0.049) (0.010)
SNAP -().34%H%* -0.17%* -0.18** -0.00 0.04 0.07%**
(0.132) (0.077) (0.088) (0.002) (0.049) (0.010)
May 2014 -(0.49%%* 0.18%* -0.67%%% | -0.01*** | -0,19%** -0.02%*
(0.136) (0.077) (0.096) (0.002) (0.040) (0.008)
June 2014 0.32%%* 0.66%** | -0.33%** -0.00 -0.14%%% | -(0.02%**
(0.145) (0.084) (0.099) (0.002) (0.041) (0.008)
July 2014 -0.01 0.54%** | -0.53*** | -Q.0]*** | -023%** | -(.04***
(0.142) (0.082) (0.098) (0.002) (0.048) (0.010)
August 2014 -0.39%** | 0.47**%* | -0.86%** | -0.01%** | -0.17*** | -0.04***
(0.127) (0.073) (0.090) (0.002) (0.048) (0.010)
September 2014 | -0.32%** | (.29%** | -Q.61*** | -0.01*** | -0.23%** | -(.05%**
(0.197) (0.068) (0.084) (0.002) (0.049) (0.010)
October 2014 -0.20* 0.31%*%* | -0.51%** | -0.01*%** | -0.21*** | -0.04***
(0.118) (0.068) (0.081) (0.002) (0.048) (0.010)
Other Dept Exp (0.04%** (0.02%** (0.03%** -0.00%** | (.02%** 0.00%**
(0.002) (0.001) (0.001) (0.000) (0.000) (0.000)
Number of Visits | 0.49%** (.23 %% (0.25%** 0.00%** (0.19%** (0.03%**
(0.040) (0.023) (0.024) (0.000) (0.013) (0.002)
Constant 0.41%%* | -0.22%** | (.62%** 0.07%** (.59%** (.39%**
(0.132) (0.079) (0.085) (0.002) (0.045) (0.008)
Observations 43,600 43,600 43,600 43,600 43,600 43,600
R-squared 0.353 0.235 0.306 0.008 0.267 0.087
Number of ID 12,046 12,046 12,046 12,046 12,046 12,046

Robust standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1
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Table C.2: During versus After DUFB Implementation Regression Results

) 2 3) 4 ) (6)
Variables F&V Fruit Veg F&V F&V F&V
Exp Exp Exp Exp Variety | Purchase
Share Decision

DUFB Ending Effect -0.27* -0.08 -0.19* -0.01*%* | -0.16%** -0.01
(0.161) (0.091) (0.110) (0.002) (0.055) (0.011)
SNAP -0.14 -0.19%** 0.05 0.00 0.11*%* | 0.08***
(0.149) (0.083) (0.091) (0.002) (0.049) (0.010)

August 2014 -0.15 0.20%** | (. 44%** -0.00 0.04 0.00
(0.152) (0.089) (0.102) (0.002) (0.042) (0.008)

September 2014 -0.11 0.09 -0.20%** 0.00 -0.01 -0.00
(0.147) (0.085) (0.096) (0.002) (0.042) (0.008)

October 2014 0.02 0.10 -0.09 0.00 -0.02 0.00
(0.145) (0.084) (0.095) (0.002) (0.043) (0.008)

November 2014 0.13 -0.26%#* | ().39%** 0.00 -0.01 0.00
(0.145) (0.082) (0.099) (0.002) (0.050) (0.010)

December 2014 -0.01 -0.16** 0.15* 0.00 0.11%* 0.02
(0.120) (0.067) (0.083) (0.002) (0.052) (0.010)
Other Dept Exp 0.05%** 0.02#** | (0.03*** | -0.00%** | 0.02%** | (.00%**
(0.002) (0.001) (0.001) (0.000) (0.000) (0.000)
Number of Visits (0.49%** 0.22%*% | . 27*%** | 0.00%** | 0.18*** | (.02%***
(0.045) (0.026) (0.027) (0.000) (0.013) (0.002)
Constant 0.23 0.05 0.18%* 0.06%** | 0.41%** | (.36%***
(0.163) (0.094) (0.099) (0.002) (0.047) (0.008)
Observations 37,077 37,077 37,077 37,077 37,077 37,077

R-squared 0.355 0.241 0.307 0.007 0.270 0.090
Number of ID 11,570 11,570 11,570 11,570 11,570 11,570

Robust standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1
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Table C.3: Before versus After DUFB Implementation Regression Results

@) 2 3) 4 (6) 6
Variables F&V Fruit Veg F&V F&V F&V
Exp Exp Exp Exp Variety | Purchase

Share Decision

DUFB After Effect 0.07 0.06 0.01 -0.00 -0.08 -0.02
(0.191) (0.110) (0.128) (0.003) (0.066) (0.013)
SNAP -0.27* -0.19%** -0.08 -0.00 0.08 (0.08%**
(0.152) (0.089) (0.101) (0.003) (0.056) (0.012)

May 2014 -0.46%** -0.08 -0.39%* -0.00 -0 17#%* -0.00
(0.158) (0.092) (0.105) (0.003) (0.055) (0.011)

June 2014 (0.43%** (0.44%** -0.01 0.01* 0.05 0.02
(0.164) (0.096) (0.109) (0.003) (0.055) (0.011)

July 2014 0.07 0.3]%*** -0.24** 0.00 -0.11* -0.01
(0.161) (0.095) (0.107) (0.003) (0.056) (0.011)

December 2014 -0.02 -0.19%#* 0.16* -0.00 -0.]3%** -0.01
(0.122) (0.068) (0.085) (0.002) (0.043) (0.008)
Other Dept Exp 0.04%*** (0.027%** 0.03*** | -0.00%** | 0.02%** | (.00%***
(0.002) (0.001) (0.001) (0.000) (0.000) (0.000)
Number of Visits (0.45%** (0.22%** 0.24%** | (0.00%** | 0.18*** | (.03***
(0.041) (0.023) (0.026) (0.000) (0.013) (0.002)
Constant (.39%** 0.12 0.27%** | 0.07*** | 0.57*** | (.38***
(0.151) (0.087) (0.096) (0.002) (0.051) (0.009)

Observations 31,121 31,121 31,121 31,121 31,121 31,121
R-squared 0.350 0.236 0.298 0.008 0.267 0.090
Number of ID 11,458 11,458 11,458 11,458 11,458 11,458

Robust standard errors in parentheses
**% p<0.01, ** p<0.05, * p<0.1
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Table C.4: Summary of DUFB Effects over the Three Time Periods (Nonlinear Models)

Before During Before
versus versus versus
During After After
F&V Expenditure $0.36%** -$0.29%* $0.04
(Tobit) (0.123) (0.142) (0.148)
Fruit Expenditure $0.08 -$0.11 -$0.01
(Tobit) (0.266) (0.082) (0.086)
Veg Expenditure $0.27%** -$0.18* $0.05
(Tobit) (0.081) (0.095) (0.097)
F&V Exp Share 0.70%*** -0.60%*** 0.09%
(Tobit) (0.196) (0.218) (0.234)
F&V Variety 0.04%* -0.09%** -0.06
(Poisson) (0.015) (0.016) (0.018)
F&V Purchase 0.03 -0.03 -0.01
Decision (Probit) (0.028) (0.032) (0.033)

Robust standard errors in parentheses.

#x% n<().01, ** p<0.05, * p<0.1
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