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Abstract
Food banks play a critical part in the food distribution system. In this paper, we examine
the impact of food bank donations on retailer markups using data on donations and
store-level productivity. We frame our empirical model of food bank donations and
store-level markups as an example of quality-based price discrimination and find that
stores that donate more food to the local food bank are able to charge higher markups—
33% higher—after controlling for the well-known endogeneity problems. Our findings
suggest that donations are not just charitable gestures by retailers but are in their own
self-interests.
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1. Introduction

In 2019, nearly 1 in 7 households in the USA relied on food banks to meet
at least a portion of their food consumption needs (Feeding America, 2021).
Food bank donations play an essential role in helping to alleviate food inse-
curity, but also provide an outlet for still-edible food that would otherwise
go to waste, and may improve retailer profitability as well. In the absence of
food banks, food retailers have to selectively discount perishable food prices
on items that are near expiry, or pay waste disposal charges, so-called ‘tipping
fees’, to discard these items into landfills. Donating food that is approaching
its date of expiry also allows retailers to maintain the freshness of perishable
foods on display, a form of quality-based price discrimination that can allow
retailers to set higher prices than would otherwise be possible (Cohen, 2001;

*Corresponding author: E-mail: trichards@asu.edu

© The Author(s) 2021. Published by Oxford University Press on behalf of the Foundation for the European Review
of Agricultural Economics. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

D
ow

nloaded from
 https://academ

ic.oup.com
/erae/advance-article/doi/10.1093/erae/jbab047/6409632 by N

ortheastern U
niversity Library user on 26 O

ctober 2021

mailto:trichards@asu.edu


2 J. Lowrey et al.

Leslie, 2004; McManus, 2007; Epple et al., 2019; Richards and Hamilton,
2020). In this paper, we empirically examine the implications of food bank
donations for retail markups using a unique data set that combines store-level
production data with store-level food bank donations.

There are, at least, three mechanisms through which food bank donations
can increase retail markups. First, it is at least theoretically possible for retail-
ers to price dynamically, that is, to reduce the price of perishable items before
they expire, thereby price discriminating between high-valuation and low-
valuation consumers as a means of moving items off the shelf quickly (Tsiros
and Heilman, 2005; Theotokis, Pramatari and Tsiros, 2012; Sanders, 2020).

Second, retailers typically pay fees to municipal waste departments for any
organic items that are intended for disposal in a landfill (ReFed, 2018). The
magnitude of these fees tends to vary by jurisdiction, but can be substantial, so
donation allows retailers to avoid the high cost of discarding perishable food.

Third, by donating perishable food, retailers can improve the average qual-
ity of food on their shelves, using local food banks as something akin to a
secondary market for food that is about to expire (Anderson and Ginsburgh,
1994; Chen, Esteban and Shum, 2013). In this way, retailers exercise quality-
based price discrimination by increasing the average quality on the shelf,
thereby raising prices, and accepting a zero price (or a small positive price
through tax deductions) by moving lower-quality produce to the food bank.

We examine the relationship between donations and store-level markups
using a structural model of firm production under imperfect competition
(De Loecker and Warzynski, 2012). Researchers in marketing and indus-
trial organisation typically frame problems concerning retailer performance
and profitability from a demand-side perspective (see e.g. Chintagunta, 2002;
Ellickson, Misra and Nair, 2012; Arcidiacono et al., 2016; Richards, Hamilton
and Yonezawa, 2018); however, food retailers typically sell thousands of
products, which makes analysing profitability at the entire store level funda-
mentally intractable from the demand-side perspective. We depart from this
literature following Hall (1986) by developing an approach that allows us
to estimate firm- and industry-level markups using data on the value of out-
put, retailer expenditures on key inputs, and the responsiveness of output to
changes in the use of variable inputs. If firms are perfectly competitive, then
there should be no difference in the input–expenditure share of revenue and
the elasticity of output with respect to that input. Conversely, under imperfect
competition, there is no guarantee that this relationship will hold, and the gap
that results is attributed to themarkup overmarginal cost. This approach allows
us to estimate retail markups indirectly by inferring the size of the difference
between a variable input’s expenditure share in sales revenue, weighted by the
output elasticity, relative to a unit benchmark. De Loecker (2007, 2011b), De
Loecker and Warzynski (2012), and Curzi, Garrone and Olper (2021) use this
approach to examine the impact of a firm’s export status on markups, while
De Loecker (2011a) provides more detail on how this empirical framework
applies to more general questions in empirical industrial organisation. To the
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Food Banks and Retail Markups 3

best of our knowledge, our paper is the first to use this approach to estimate
markups for retailers at the individual store level.

With this approach, however, we cannot formally test which of the three
mechanisms described above is likely the most important pathway for food
bank donations to influencemarkups. Because ourmethod only infers markups
from the departure of the labour elasticity of output from labour’s expenditure
share in revenue, it cannot discern price effects from cost effects. A production-
side approach to estimating market power focuses on markups over variable
costs of production or, more intuitively, the dollar amount of sales attributable
to the next worker, relative to the dollar amount of compensation paid to the
worker.

Among the three mechanisms above, we know that food bank donations
cannot do anything to reduce worker compensation, as they either reduce fixed
costs of operation (lower tipping fees) or raise the dollar value of output to
the marginal worker (reduce price discounting and generate higher prices).
Furthermore, we know that retailers seek to avoid profit-reducing discounts
(Tsiros and Heilman, 2005; Theotokis, Pramatari and Tsiros, 2012) or image-
destroying produce that lies on the shelf past expiry (Matsa, 2011; Sanders,
2020) so we can rule out price discounting. Therefore, we focus on the latter
effect, or the ability of retailers to use quality-based price discrimination to
raise prices, and increase the level of sales for any given number of workers,
thereby increasing apparent labour productivity.

Our empirical strategy controls for two key threats to identification: The
potential endogeneity of labour inputs and of donations themselves. With-
out controlling for these two sources of endogeneity, a reduced-form model
of donations and store revenue shows that donations increase store sales at
the expense of store-level markups. After controlling for these two sources
of endogeneity, we find that donations reduce store-level sales, but increase
markups.

This finding is intuitive. If food banks serve as a mechanism for stores
to raise in-store food quality and charge higher unit prices, then we would
expect to observe higher markups and lower sales volumes among retailers.
Our approach to controlling for these two sources of endogeneity represents
an important methodological advance in the markup-estimation literature, as
previous empirical research relies on panel data and within-firm variation in
markups over time to identify the existence of market power. Our method,
however, is appropriate for static, cross-sectional data.

We find that food bank donations increase retail markups substantially rel-
ative to the no-donation case. Indeed, gross markups average 283 per cent for
non-donating stores, and 376 per cent for donating stores, a 33 per cent pre-
mium.1 Our counterfactual simulations show that total store sales, measured
in dollars, are higher by 1 per cent for every 50 per cent increase in donations.

1 Note that these markups are relatively high, because they refer to variable markups, or the dif-
ference between price and marginal cost, and do not take into account fixed costs. Food retailers
are high fixed-cost operations, so these markups are necessary to cover fixed costs (Ellickson,
2007).
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We interpret this finding as evidence in support of our hypothesis that food
bank donations allow retailers to increase the quality of perishable items on
their shelves, allowing them to raise retail margins while avoiding costly
alternatives such as discounting or discarding food items with depreciated
freshness.

Our findings contribute to the relatively sparse literature on the economic
role of food banks, the empirical literature on food retailing and the more gen-
eral literature on estimating markups using the production-side data approach.
Despite the broad economic importance of food banks (Prendergast, 2017;
Gundersen and Ziliak, 2018), we know very little about the role of food banks
in the food supply chain and the motive for retailers to create a secondary food
market through their own donation channels. Our model and our empirical
findings show that food banks may be more important for food retailers than
previously thought, and donations are not merely charitable donations, but in
retailers’ self interests.

Our empirical model of the effect of maintaining a secondary market for
food on retail pricing is the first we know of to adopt a markup-based,
production-side empirical approach. While Lazarev (2013) and Chen, Esteban
and Shum (2013) estimate empirical models in which they test for the impact
of secondary markets on the prices set in the primary market, we approach
this problem in a fundamentally different way and, in so doing, show how
to estimate pricing effects in multiproduct markets served by vendors that
sell thousands of items at once that jointly contribute to the overall store-
level markup. Unlike much of the firm-level literature on estimating markups
using production data that relies on the panel nature of their data (De Loecker
and Warzynski, 2012), we exploit data from individual retail stores in a static
empirical setting and demonstrate how markups can be estimated using input
variation across firms, and not within firms over time.

In the next section, we provide some background on our model of price
discrimination and the impact of secondary markets for food on store-level
markups. In the third section, we provide more detail on our empirical
approach and explain how it differs from the more usual production-side
approach to estimating markups. We describe our data in the fourth section
and the details on our identification strategy in light of the clear endogeneity of
both store labour and donations. We present and interpret our estimation results
in a fifth section, including some counter-factual simulations that demonstrate
the impact of donations on store-level profitability. We conclude in the final
section and offer some guidance for future research on both food banks’ role
in the food supply chain and for future applications of markup estimation in
the retail sector.

2. Theoretical model of food donations and markups

In this section, we provide a brief review of the production approach to esti-
mating firm-level markups and describe how we intend to use this approach to
test for the impact of food bank donations on store-level profitability. Because
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Food Banks and Retail Markups 5

we approach this problem from a production perspective, we do not directly
address the specificmechanisms involved in quality-based price discrimination
(Verboven, 2002; Leslie, 2004; McManus, 2007), but rather focus our atten-
tion on the ultimate effect of the practice on firm- (or store- in our case) level
markups. Given that consumers’ perceptions of product quality are formed
over literally hundreds of different products in any retail food environment,
our approach provides a reasonable and viable alternative.

2.1. Production-side estimation of markups

The empirical approach to estimating markups in imperfectly competitive
industries is well-understood, so our review is brief. De Loecker (2011a;
2011b) and De Loecker and Warzynski (2012) explain the basic approach
to estimating markups, and therefore market power, using minimal produc-
tion data, and output prices. In contrast to the ‘new empirical IO’ method
(Bresnahan, 1989), this approach does not require the analyst to estimate
demand, even in a multiproduct environment in which substitution opportuni-
ties would otherwise seem to limit pricing power. Rather, the approach relies
on an observation by Hall (1986) that ‘…firm i’s share of expenditures on
labor in total sales is only equal to the share of expenditures in total costs if
the price pi equals the marginal cost ci’. Any departure is due to market power,
for whatever reason.

Empirically, our approach relies on the existence of at least one variable
production input that does not have adjustment costs that confound the rela-
tionship between its revenue share and output elasticity. We treat labour as
the adjustable variable input, which implies markups derived fromminimising
cost with respect to variable inputs, conditional on observed values of fixed,
or quasi-fixed, inputs of(

∂f(wit)

∂wit

)
wit

yit
= εw =

pwitwit

λityit
, (1)

for firm i in time period t, where wit is the amount of the variable input, pwit
is its price, yit is the amount of output, from a production surface f(wit), εw
is the output elasticity with respect to labour, and λit is the Lagrange multi-
plier associated with the cost-minimisation problem. We interpret λit as the
marginal cost of production.

Recognising that themarkupmuit = pit/λit,we substitute this definition into
the cost-minimisation solution above to obtain:

εw = muit ∗ sw, (2)

where pyit is the output price and sw is the labour–expenditure share of firm
revenue. Intuitively, an input’s output elasticity is equal to the markup multi-
plied by the ratio of the input’s expenditure share of the total revenue. Thus,
all that is required to estimate markups is an estimate of the output elasticity
for one variable input, combined with its revenue share. In our case, we have
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6 J. Lowrey et al.

store-level data for each of the key variables noted above, which allows us to
apply this approach at the individual store level of a retail chain, rather than at
the firm level.

In our model, we argue that food bank donations allow food retailers to
practice quality-based price discrimination by removing lower-quality perish-
able products from the shelf before the retailer either discards them, a practice
associated with tipping fees, or else clears the inventory through selective price
discounting. By leaving a higher-quality selection of fresh products on the
shelf, the donating retailer is able to set higher prices by charging a quality
premium on the products that remain on the shelf. Implicitly, therefore, if
donations remove lower-quality, lower-value produce prior to either discount-
ing or donating, then the marginal productivity of labour, all else constant, will
be higher for retail stores that donate relative to non-donating stores. In terms
of the simple markup story above, our hypothesis implies

(
∂f(wit)

∂wit
|dit>0

)
wit

yit
= ε′w > εw.

It follows that donating (dit > 0) retailers will enjoy higher markups relative
to non-donating retailers when the labour share of revenue remains constant.

Our theoretical predictions reflect the labour-intensive nature of inventory-
management practices at food retailers. Matsa (2011) argues that the absence
of stock-outs, and hence careful inventory management, is the key measure of
service quality among food retailers. Restocking shelves is the most labour-
intensive activity in any modern food retailer, so there is a direct connection to
maintaining quality items on the shelf and the marginal productivity of labour.
Retailers that rotate perishable items out frequently and ensure that only the
best-quality items are displayed during critical shopping times will be able
to charge higher prices than retailers who simply let items deteriorate while
on display, perhaps discounting them before throwing them out. Empirically,
therefore, we expect to find a positive relationship between donations and the
marginal productivity of labour that reflects a greater attention to fresh-food
quality by donating retailers. We describe how inventory management enables
quality-based price discrimination next.

2.2. Quality-based price discrimination

Recall that we cannot directly test whether any of the mechanisms that may
leadmarkups to vary with food bank donations dominates the others. While the
economic motives that underlie the price-discounting and tipping-fee explana-
tions are clear, the third mechanism (price discrimination) is more subtle, and
perhaps more interesting. In this regard, our analysis considers the role of food
banks as a secondary market for perishable food. In this sense, food banks pro-
vide an outlet for buyers with low valuations for freshness and other aspects of
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Food Banks and Retail Markups 7

retail food quality, allowing retailers the ability to practice quality-based price
discrimination by selecting both the volume and the quality of perishable food
to donate from the back of the store.2

It is well understood that a monopoly seller of a durable good may ben-
efit from an active secondary market when consumers have heterogeneous
preferences for the ‘newness’ of a product (Anderson and Ginsburgh, 1994;
Johnson, 2011). When transaction costs associated with acquiring used prod-
ucts are substantial, as would be the case when procuring food from a food
bank is time-consuming or when there is social stigma attached to receiving
donated food, retailers have the ability to extract rents from the secondary mar-
ket by controlling the quality of donated food products that are transacted in
the secondary market. This practice can allow retailers to ‘upgrade’ the fresh-
ness of their food products and raise retail prices to higher-valuation buyers
that remain in the primary market.

Retailers, however, are generally not monopoly sellers. Chen, Esteban and
Shum (2013) extend the logic of Anderson and Ginsburgh (1994) to show that
the emergence of a secondary market can enhance profits in oligopoly settings.
In their model, suppliers of durable goods with secondary markets are subject
to a substitution effect, in which new goods compete with used goods on the
secondary market, and an allocative effect associated with segmenting buyers
in the market between high-valuation and low-valuation groups. Their analysis
demonstrates that secondary markets raise retail profits when the durability of
goods is ‘low’ and transaction costs of participating in the secondary market
are ‘high’—characteristics that are likely to be satisfied in the case of retail
food donations.

Much of the secondary markets literature relies on durability as the basis
for intertemporal pricing strategies. However, secondary markets also exist
for highly perishable items with similar properties as fresh food, for instance
tickets to live performances (Leslie and Sorensen, 2013), live sporting events
(Sweeting, 2012) and airline fares (Lazarev, 2013). The empirical insights
from these markets show that allowing resale markets to emerge increases
vendor profitability, while improving the allocative efficiency of the ticket-
distribution system. Our aim in this study is to empirically examine whether
food donations by retailers serve to increase retail markups and enhance retail
profits.

Our theory rests on the implicit assumption that retail markets consist of
segments of high-valuation and low-valuation consumers. While it is tempt-
ing to think of the retail food market as consisting of one group that always
goes to supermarkets, and another uniquely served by food banks, such an
outcome is not, in fact, the case. Instead, Caswell, Yaktine and National
Research Council (2013) show that food-bank clients tend to regard their sta-
tus as transitory, using food banks to tide them over between regular visits to

2 Richards and Hamilton (2020) show that retailers use a similar practice upstream, in their pur-
chases from fresh-produce suppliers, in order to segment the downstream market for food of
random quality.
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8 J. Lowrey et al.

supermarkets.3 Because consumers purchase food frequently, and households
have many different food needs, the primary and secondary markets for food
provide a mechanism to shift marginal consumers between the two markets
and raise retail prices by controlling the quality of food donations, which in
turn enhances the quality of food items available in the secondary market.

We explain how we test the implications of this theory in the next section.

3. Empirical model of donations and markups

In this section, we describe our empirical approach to estimating the impact of
food-bank donations on store-level markups. We begin with a brief overview
of our markup estimation approach and, given that it is relatively new to the
empirical industrial organisation literature, we compare this approach to the
more usual, demand-side method. We then describe our specific application
in more detail and our extension of the Ackerberg, Caves and Frazer (2015)
estimation method that is appropriate for cross-sectional data, unlike the panel
approach developed by others in this literature.

3.1. Method overview

Estimating markups from a production perspective offers a number of benefits
relative to traditional, demand-side, empirical industrial organisation estimates
(De Loecker, 2011b). First, we do not require the specification and estimation
of a potentially large-scale demand system in order to capture the full range
of product–demand interactions. If the accuracy of demand-side markup esti-
mates is conditioned on the quality of own- and cross-price elasticity estimates,
then analysts are forced to make very strong separability assumptions in retail
data to exclude the many possible interactions within the store. For example,
if the question concerns markups in yogurt, and the model describes the con-
sideration set of a typical consumer, it is unlikely that the top 30 products
purchased accurately represent the larger consideration set (Mehta, Rajiv and
Srinivasan, 2003; Koulayev, 2014; De los Santos and Koulayev, 2017).

Second, our method accounts for errors in measuring store-level prices in a
direct way (De Loecker and Warzynski, 2012). Because production-side esti-
mate typically employ revenue-based measures of outputs, our instruments
control for the resulting errors in store-level price measurements.

Third, demand-side markup estimates tend to impose a particular interac-
tion game among sellers in order to infer the extent of market power, or at
least departure from the maintained form of the game (Villas-Boas, 2007).
Although there are examples of menu-type approaches that seek to examine
which form of game among sellers is most appropriate (Gasmi, Laffont and
Vuong, 1992), these models nevertheless test among restrictive solutions for
equilibrium prices.

3 Gundersen, Engelhard, and Hake (2017) summarise the 2014 Hunger in America data from Feed-
ingAmerica and note the high percentage of survey respondentswho report the temporary nature
of food bank support. While their data do not make this point directly, the implication that food
bank support is transitory is clear.
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Food Banks and Retail Markups 9

Fourth, our model captures store-level factors that may influence markups
that demand-side models simply would not be able to capture. While we do
not suggest that markup estimation using the Hall (1986)-type approach is
ideal for all retail applications, it is indeed well-suited to the case at hand,
and other empirical problems that are intractable from a demand-side perspec-
tive. That said, the empirical application we describe next departs from the
method described in De Loecker and Warzynski (2012) in several, important
ways that are unique to food-retail settings.

3.2. Empirical model

Estimating markups in a production framework typically requires panel data
(De Loecker, 2011a; De Loecker andWarzynski, 2012). While there is nothing
in the theoretical derivation of equilibrium markups that requires panel data,
identifying labour-productivity parameters using methods developed in the
empirical production-economics literature (Olley and Pakes, 1996; Levinsohn
and Petrin, 2003, Ackerberg, Caves and Frazer, 2015) relies on a fundamental
assumption that the unobserved productivity process that affects output, and
hence equilibrium input–employment decisions, is a Markov process. With-
out panel data, therefore, researchers are left with the problem of identifying
labour productivity with unobserved, cross section shocks to productivity.

We overcome this problem using a two-stage, control-function approach
similar in nature to Ackerberg, Caves and Frazer (2015), but amenable to esti-
mation in cross-sectional data. In fact, our empirical approach contributes to
the literature on markup estimation as there are many interesting economic
problems that cannot be answered by either traditional demand-side markup-
estimation data (retail scanner data) or census data that are typically used to
estimate markups from a production perspective. Store-level data are gener-
ally not observed for retail outlets, but many of the most interesting questions
regarding store conduct are simply irrelevant when the data are aggregated up
to the firm level. Our approach retains the consistency and simplicity of the
Ackerberg, Caves and Frazer (2015) approach, but we argue that it is more
relevant to problems in empirical industrial organisation as it can be applied
to a far wider set of interesting questions.

Based on the markup-estimation approach introduced by Hall (1986),
De Loecker andWarzynski (2012) and others, the fundamental objective of the
empirical model is to estimate the output elasticity of a variable input—here
assumed to be labour. While a seemingly simple task, estimates of themarginal
productivity of labour are bedeviled by the endogeneity issues described in
Levinsohn and Petrin (2003) and Ackerberg, Caves and Frazer (2015). There-
fore, we adopt a variation on their approach to estimate the output elasticity of
labour, and store-level markups. In general, our application of their approach
consists of two steps. In the first step, we invert the demand for an interme-
diate input, and obtain a non-parametric expression for expected output, for
any set of production parameters. In the second step, we adjust output for this
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10 J. Lowrey et al.

unobserved productivity shock, and control for the endogeneity of labour, and
donations in our setting, using control functions (CFs).4

In the first stage, we begin by specifying a parametric function for store-
level output that consists of one variable input (or at least one free of adjustment
costs), and at least one state variable. The essence of the Olley and Pakes
(1996) and Levinsohn and Petrin (2003) approach is to use the demand for
this state variable as a proxy for the unobserved productivity shock, on the
assumption that productivity is governed by something other than observed
variable inputs. In our application, we assume a simple Cobb–Douglas pro-
duction function for store i in period t in labour (wit) and two state variables
(k1it,k2it), so our production surface is written:5

yit = β0 +βwwit+βk1k1i+βk2k2i+βzz+ωit+ ηit, (3)

where all variables are in logs; yit is store-level revenue (deflated by a price
index for retail grocery stores); labour wit is the number of full-time equivalent
workers employed by store i in year t; k1i is the size of store i, and is assumed
to be time-invariant, as is k2i, which is the number of checkouts in store i; zit
represents a vector of variables that may explain the productivity of store i;
ωit is a Hicks-neutral productivity shock, unobservable to the econometrician,
and assumed to be correlated with the labour input; and ηit is a purely random
error term, uncorrelated across firms and time.6

In our empirical model, we assume k1 forms the proxy variable for unob-
served productivity and k2 is the state variable as we can more readily model
the demand for store size than the infrastructure in the store. Because our two
measures of the level of capital investment in each store are, by definition,
time-invariant, our data amount to repeated cross-sectional output observations
for our sample stores, rather than the panel used by others in this literature
(Ackerberg, Caves and Frazer, 2015: for example). This is the key differ-
ence between our approach and the usual way of estimating these models,
as we rely on cross-sectional variation in k1 to identify unobserved produc-
tivity shocks, rather than time-varying intermediate inputs. We elaborate on
this distinction below. The vector z, meanwhile, consists of dummy variables
indicating whether the store sells gas and/or liquor, the level of food bank
donations, and an interaction term between the level of donations and labour
input. These elements of z allow us to test our core hypothesis, namely the
effect of donations on store output, and on the marginal productivity of the
labour input. We return to this interpretation in more detail below.

4 We depart from Ackerberg, Caves and Frazer (2015) in this second step, because the Markov
assumption for unobserved productivity requires panel observations for individual stores, some-
thing that is not consistent with our data.

5 De Loecker andWarzynski (2012) assume a translog production function, but we adopt a different
approach to including firm-level variability in markups (random parameters), and the translog is
simply not tenable without data similar to their firm-level panel.

6 De Loecker (2011b) andDe Loecker andWarzynski (2012) discuss the role of deflating observed rev-
enue by an aggregate price index to arrive at a physical measure of output. As in their approach,
our instrumental-variables procedure corrects for the store-level error induced by this approach,
and our findings are invariant to this deflation procedure.
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Food Banks and Retail Markups 11

Our approach is a static analog to the Ackerberg, Caves and Frazer (2015)
method in that we rely on their two key assumptions: (i) a scalar unobservable
and (ii) monotonicity in the proxy variable.7 These assumptions are necessary
as they mean we are able to invert the demand function for the proxy variable
and express the unobserved productivity of firm i as an unknown function of
the proxy and state variables, as well as other factors that may explain inter-
store differences in productivity. Specifically, the demand for k1i by store i is
written as:

k1i = h(k2i,ωit,zit), (4)

where we do not necessarily assume that all elements of zit are purely exoge-
nous. The monotonicity and scalar-unobservable assumptions then allow us to
write the unobserved productivity shock for firm i at time t as the inverse of
the demand function for k1i, or:

ωit = h−1(k1i,k2i,zit) = g(k1i,k2i,zit), (5)

where the g(.) function essentially indexes the productivity of firm i. In the
first stage of the estimation procedure, we then substitute the expression for
ωit back into the production function in (3) to arrive at an expression for the
output of firm i that depends only on observables, and purely random factors:

yit = β0 +βwwit+βk1k1i+βk2k2i+ g(k1i,k2i,zit)+ ηit. (6)

Whereas βw is identified in the first stage in Olley and Pakes (1996) and
Levinsohn and Petrin (2003), we follow Ackerberg, Caves and Frazer (2015),
who argue that the labour in this stage is fundamentally unidentified and
is instead a deterministic function of the other variables in the production
function.

Our first stage, therefore, consists of an unknown production function of
capital and labour inputs, ψ(wit,k1i,k2i,zit), which we estimate using non-
parametric methods. For this purpose, we follow Levinsohn and Petrin (2003)
and estimate a locally weighted regression model, which allows us to find
expected values of production, ψ, for any parameter vector, β, and form
a control function, CFit, by calculating the residuals from this first-stage,
non-parametric regression.

In the second stage, we introduce our assumption that underlies the data-
generating process for productivity and our point of departure fromAckerberg,
Caves and Frazer (2015). While they assume productivity follows a Markov
process, and so can be written as a function of lagged values of itself and a
random error term, the Markov assumption is simply not viable in our data.
And, we would argue that there are many cases in which this assumption is

7 In our case, monotonicity implies ∂k1i/∂ωit > 0, which De Loecker and Warzynski (2012) argue
holds under a wide range of underlyingmodels of imperfect competition, including the Bertrand–
Nash price rivalry typical of supermarket retailers. In such case, monotonicity is necessary to
invert the demand function for store-level capital.
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12 J. Lowrey et al.

either not supported by the available data or rather too strong an assumption
to actually take to the data with any degree of confidence that it is true. There-
fore, we make an alternative assumption that productivity instead represents
store-specific deviations frommore general, cross-section patterns across rival
stores.

Because individual stores, particularly within the large chains in our data,
tend to change very little over time, we argue that the primary driver of
productivity differences among stores are idiosyncratic factors, such as man-
agerial skill, location or local preferences, that are better represented by
cross-sectional differences from industry-mean productivity. Mathematically,
our cross-sectional productivity process is captured by the CF estimated below,
CFi, so that the productivity process for firm i is given by:

ωit = CFi(
_
ωt)+ ξit,

where
_
ω represents industry-mean productivity. Therefore, in the second stage

we begin by removing the value of CFit from observed levels of output and
writing the result as a function of labour, capital and a new unobservable term
that represents store-level deviations from industry-average productivity:

yit−CFit = y∗it = β0 +βwwit+βk1k1i+βk2k2i+βzz+ ξit+ ηit, (7)

where we have substituted in the value of the CF from the previous expression,
and assume the independence of the remaining unobservable, ηit.

As Ackerberg, Caves and Frazer (2015) observe, however, the labour
input from this expression is likely to be correlated with ξit, so they then
form moment conditions between this composite error term and the instru-
ments in their model—lagged values of labour and the capital input—and
estimate with Generalised Method of Moments. In our static analog to their
approach, our theoretical model suggests that both labour and donations are
likely to be correlated with store-level deviations from industry-average pro-
ductivity, so we estimate CFs for both the labour input and donations. As
we explain in the Data section, our instrument for store-level labour inputs
consists of market-level wages for employers in the retail food industry,
while our instrument for donations consists of address-specific commercial
real estate (CRE) prices. With this two-stage, control-function approach, we
are then able to consistently estimate the marginal productivity of labour
(and the output elasticity), and the remaining parameters of the production
function.

In addition to the two assumptions that underlie the estimation procedure
above, we add another in order to account for any unobserved heterogene-
ity that remains after estimating the two-stage CF described above. That is,
we assume each of the core production-function parameters is randomly dis-
tributed over the stores in our data set. By estimating a random-parameters
version of the production surface described above, we account for not only
variability in productivity, but deeper-level heterogeneity that affects labour
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Food Banks and Retail Markups 13

and capital productivity more generally, independent of any underlying pro-
ductivity process. Because some of the unobserved heterogeneity among stores
is simply due to factors that we literally cannot observe, we allow for variabil-
ity in markups across stores, which can be accommodated in our data without
sacrificing degrees of freedom as in De Loecker andWarzynski (2012). Specif-
ically, the use of store-level data allows us to implicitly account for factors such
as in-store merchandising, store-level managerial quality and the intensity of
local competition that are not directly observed in our data.

Using a random parameters approach also allows the labour elasticity of
output to vary across stores in our data, without the need to adopt the translog
production function used by De Loecker and Warzynski (2012). While the
translog production-function approach is more flexible than ours in the tradi-
tional, algebraic sense, it is less flexible econometrically as it imposes a strict,
highly parameterised, functional form on the model. Our approach eliminates
the need for these parametric restrictions.

4. Data and identification strategy

Our primary data set consists of store-level observations of production and
input employment, food bank donations, census-block measures of the eco-
nomic environment surrounding each store, and markups. Specifically, our
store-level retail attribute data are from Nielsen/TDLinx, which provides
detailed estimates of annual store-level store volume (measured in terms of
dollar sales), number of employees, and a variety of proxy measures for the
amount of capital employed at the store level: size of the store (in square feet),
the number of checkouts and whether the store offers services besides just gro-
cery sales. Our sample period, consistent with our donation data below, is from
2009 through 2018.

Second, our donations data are unique, and particularly well-suited to the
purposes at hand. Our food-bank data capture donations at the store level
from stores that belong to five large, national grocery chains, to a regional,
Feeding-America-affiliated food bank in the Midwest United States. Reported
in standard form, the donation data are derived from ‘donor source reports’
(DSRs) provided by the food bank. Although the DSR data are reported at
the transaction level, we aggregate up to an annual basis to match the annual
observations from our TDLinx store-attribute data. Donations are reported on
a category-by-category basis, for several different categories of perishable and
non-perishable products, but our hypothesis rests on the assumption that dona-
tions affect the perception of quality on a store level, so we need not use the
category-level variation in our data.8 In total, we have 993 annual observations

8 The DSR classifies retail donations by both category and item description, and the food bank is
responsible for receipting retail food donations. Due to the considerable variation in the category-
item description linking, we cannot be confident that the receipted volume by category is truly
accurate. Therefore, we choose not to compare category-level donations across retailers. In
consultation with the food bank, we map item descriptions to a condensed list of six categories.
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14 J. Lowrey et al.

from 128 unique stores, from 5 different chains, over a 10-year time period in
an unbalanced-panel data structure.9

We provide detail on our DSR data in Table 1. From the data in this table,
it may appear as though donations are small in absolute volume. Clearly, the
relative importance of donations to a store’s operations is a key measure of
the prominence of donation as an active strategy to improve quality and profit
according to the mechanism we describe here. However, the TDLinx data
that form our primary data set only report volumes in terms of total-store
dollar sales. Fortunately, we have access to store-level Nielsen scanner data
for perishable-category sales (i.e. bakery, dairy, meat, produce and deli) for
a similar sample of stores. From that sample, we know that average cate-
gory sales, expressed in pounds, is about 6,840 pounds per week, or 356,000
pounds per year. Donations for the sample of stores in that data are roughly
the same as in our current sample of stores, so we believe that the relative
amounts are also approximately comparable, at least for summary purposes.
Therefore, these data imply that the donation amounts in the current sample
likely amount to approximately 14.0 per cent of annual perishable-item sales.
Given the attention paid tominimising ‘shrink,’ or unintentional inventory loss,
by food retailers, donating this much perishable food represents a substantial
amount of lost revenue, so there must be some expectation of a commensurate
gain.

Third, we recognise that applying the production approach to estimating
markups requires only data on store revenue, variable input employment,
employment of a proxy input and compensation for the variable input (in order
to arrive at an expenditure-share variable that we measure by store). The
TDLinx data containmeasures for all of these variables, except for labour com-
pensation. For this purpose, we rely on the US BLS QCEW data. As the name
suggests, the QCEW is a census of all employers on a quarterly basis, for each
county, state and North American Industry Classification System (NAICS)
(grocery stores = 4,451) industry. We know the exact location of each store,
so assume each store manager pays local, prevailing wages for employees in
the supermarket sector.

Using the maximum level of spatial granularity of the QCEW data, we
merge the TDLinx and QCEW data at the county level in order to capture
as nearly as possible the local variation in wage expense among our sample of
grocery stores, yet still maintaining the market-wage nature of the data neces-
sary for its exogeneity. In total, there are 35 counties represented by the stores
in our data, so labour expense varies considerably among our sample stores (35
counties times 10 years= 350 points of variation, see Table 1). Although total
wage compensation in reality is likely to differ substantially from the amount
implied by our strategy, ours is likely a better measure of the variable com-
ponent of labour cost as employees that earn above this wage are likely to be

9 Our data form an unbalanced panel because some stores open, others close, and some do not
meet the greater than or equal to 25 receipted donations (per year) threshold that we require to
meet the definition of a ‘regular donating’ store.
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16 J. Lowrey et al.

salaried, management employees, so their cost is more appropriately defined
as fixed rather than variable.

Fourth, our instrumental-variables method requires exogenous variation in
input demand at the store level. While we do not have access to macroeco-
nomic data on labour demand at the individual-store level, we approximate
local variation in labour demand by using Bureau of Census data, measured
at the census-tract level. We summarise all of our estimation data in Table 1.
For the purposes at hand, each of the variables shown in Table 1 likely con-
tains sufficient variation to identify the production-function parameters, and
the relationship between donations and store sales that is of primary interest.

Food bank donations are not consistent across stores, or even within stores
over time in our sample. The fact that some stores donate only sporadically
may affect our results, as it is difficult to maintain that food bank donations
are a regular part of the merchandising strategy of a retailer if donations
only occur a few times per year. In many cases, such infrequent donations
are due to supply-chain problems, for instance accidental over-shipment of
a particular item, than they are due to an explicit strategy of maintaining
high-quality fresh produce without the need to discard degraded-quality items.
Therefore, we restrict our sample each year to stores that donate at least once
every two weeks (N= 25 donations per year).10 The median number of dona-
tions across all stores and years is N= 42, so our restriction recognises the
left-skewness of the distribution and captures the mean number of donations
more accurately. We examine our model results for their robustness to this
assumption and find little difference in our conclusions when we restrict donat-
ing retailers using either the mean (N= 25) or median (N= 42) number of
donations.

We provide more detail on donations data in Table 2. Although we cannot
disclose the identity of each retailer, it is clear that stores in some chains tend
to donate more perishable foods, more frequently, than others.11 In fact, the
data in Table 2 show that stores in chains 3 and 5 donate approximately six
times as much as stores in the other chains in terms of total pounds per week,
and donate roughly 50 per cent more than stores in any of the other chains.
However, the fact that these stores also appear to be larger than the others, on
average, suggests that donations may simply increase with size. In column 5,
we control for this possibility by expressing donations in each store per dollar
of store sales.

10 Feeding America officials assured us that such stores donate only sporadically, out of irregular
donation opportunities, and not as a regular policy to dispose of lower-quality, nearly-expired
foods. Because food banks absorb the cost of transport, and dispatch trucks to pick up donations,
zero-donation observations are due to food banks’ rational, cost-minimising response to the
expectation that donations will be small. Zero donations, therefore, even from the major retail-
ers in our sample, are due to food-bank logistical considerations and generate the inter-retailer
variation in donation strategy that helps identify the key parameters of our model.

11 Note that donations in Table 2 are defined on a per-store basis, so aggregate donations per chain
differ substantially from the data in this table as, for example, there are many more store-year
observations for chain 2 (N=532) than for chain 3 (N=63).
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Food Banks and Retail Markups 17

Table 2. Donations by Store, per Sales Dollar

Chain Donations Sales # Don Don/Sales

1 29,292.88 $669.40 46.39 43.76
2 17,580.01 $575.70 50.82 30.54
3 137,532.17 $1,130.95 86.65 121.61
4 23,174.29 $611.46 60.80 37.90
5 116,734.11 $801.38 79.08 145.67

Note: Donations are in lbs. per store per week, Sales is dollar sales per store ($,000)/wk, # Don is the number of
donations per store per year, Don/Sales is donations per sales dollar. Correlation between columns 2 and 5 is 0.76.

After controlling for size, stores in chains 3 and 5 still substantially out-
donate the others. While this summary data cannot be used to draw causal
relationships, the statistical association between donation intensity and store
sales is clear as the correlation between normalised donations and dollar sales
is 0.76. This summary data suggest that there may be a positive statistical
relationship between donations and sales performance.

Conclusive statistical support for this finding requires estimating a struc-
tural model of markups and donations that circumvents the usual barriers to
identification commonly encountered in these models. As described below,
we account for the three critical data issues involved in estimating markups
from a production perspective noted by De Loecker and Warzynski (2012).

First, we require at least one variable input, or one that is not subject to sub-
stantial adjustment costs. The TDLinx data include the number of employees
per store, so we assume labour is variable both between stores and, perhaps to
a lesser extent, within stores over time.

Second, the TDLinx data define output at the store level as an estimated
value of ‘all commodity volume’, which, despite the name, is a revenue-based
measure of store output. Because we have no corresponding store-level price
index to deflate store-level revenue to any meaningful measure of actual vol-
ume, we follow De Loecker and Warzynski (2012) in deflating store-level
revenue using as granular a price index as possible.12 Specifically, we deflate
store-level revenue by dividing the total sales revenue for each store by a PPI
for retail grocery stores (BLS).

Third, as described above, we account for the endogeneity of labour demand
at the store level, and markups using a cross-section variant of the approach
developed by Olley and Pakes (1996), Levinsohn and Petrin (2003), and
Ackerberg, Caves and Frazer (2015). Because the volumemeasures in TDLinx
are only estimated values, generated by a proprietary algorithm developed by

12 Although we readily admit that recovering store output through an aggregate price index is
less than perfect, De Loecker and Warzynski (2012) emphasise that when using revenue-deflated
measures of output ‘… our approach is still informative about the correlation between markups
and firm-level characteristics…’ and that ‘…only the level of markup is potentially affected, but
not the estimate of the correlation between markups and firm-level characteristics…’ such as the
store-level donations in our data (p. 2438).
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18 J. Lowrey et al.

Nielsen, we are reluctant to consider our production data as describing a com-
plete panel over the firms in our data, and over time.13 For this reason, we
estimate all of our models as if the data represent repeated cross sections over
the same firms and adopt econometric methods appropriate for cross-sectional
data. Therefore, we estimate our model in levels, as opposed to first differences
as in De Loecker (2011a); De Loecker (2011b), which avoids the long-panel
issues involved in creating dynamic series with observations 5 years apart,
and the corresponding interpretation problems of the productivity shocks that
result. Using repeated cross-sectional data also has the added advantage of pre-
serving degrees of freedom in the estimation process, thereby improving the
statistical efficiency of our estimator.

To account for the endogeneity of labour demand, we develop a static analog
to Ackerberg, Caves and Frazer (2015). Based on Levinsohn and Petrin (2003),
they use materials demand as an ‘intermediate input’, which they invert in a
control-function procedure. Although we do not have the same level of detail
in our store-level data, there is some question as to whether focusing directly
on intermediate inputs for retail-focused firms is even appropriate. For a food
retailer, ‘materials’ refers to the amount of wholesale products purchased each
year, across all categories, and is a function of the size of the store, and the
turnover rate for each stock-keeping unit (SKU) that occupies space on the
shelf. Accounting for the wholesale value of every SKU is neither possible, nor
necessarily desirable. Instead, we seek a measure that aggregates intermediate
demand across the entire store. In our data, store size is a useful proxy for
materials demand and differs from true materials demand only in variation in
turnover rates by store. Therefore, we use store size as our proxy variable for
materials demand and account for the resulting measurement error through the
CF approach described below.

Essentially, we instrument for store-level turnover using the two-stage,
control-function procedure described above. In addition to this procedure, we
recognise that labour demand and donations are also likely to be endogenous.
Our identification strategy corrects for these additional sources of endogeneity
by instrumenting for each endogenous variable in secondary control-function
procedures, and we report the quality of our instruments in the Results section.

We identify the endogenous labour variable by instrumenting labour
demand with a wage variable. Recall that valid instruments should be
correlated with the explanatory variable that is suspected of endogeneity,
while mean independent from the dependent variable in the main estimation
equation. Our first set of instruments is designed to control for the likely
endogeneity of labour employment by each store. Our instrument in this case
consists of market-level wage data from the QCEW (BLS). If retail grocery-
store managers minimise cost, the number of employees in their store should
reflect not only the physical needs within the store, but the prevailing local

13 Others in this literature recognise the value of the TDLinx data for answering firm-level ques-
tions, but are similarly reluctant to consider the data as a complete panel for estimation purposes
(Ellickson and Grieco, 2013; Ellickson, Grieco and Khvastunov, 2020).
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Food Banks and Retail Markups 19

wage. Indeed, first principles suggest that higher wages should be strongly
correlated with lower employment. At the same time, local wages should not
be correlated with the output of an individual store, as employment decisions
are made at the firm level, and market-level wages are determined beyond the
control of any single firm.

Second, we instrument for endogenous donations using CRE prices, and
local demand-relevant factors. Our demand shifters consist of a set of socio-
economic variables that are likely to capture local-demand variation, at the
census-block level surrounding each store. Census data are determined by local
market attributes and so represent a plausibly exogenous source of demand
variation facing each store. We also derive a proxy measure of materials
demand (Ackerberg, Caves and Frazer, 2015) from the price of retail space,
which is also likely to reflect variation in local demand for food and grocery
stores that is independent of the variation in demand facing any particular store.
CRE prices, particularly conditional on the other market attributes included
in this model, reflect market-level demand shocks for business real estate in
general, and have to be independent of the output of any single firm. CRE
prices are not functions of the markups due to one specific store, as they are
determined by market-level conditions. CRE prices are, therefore, likely to be
correlated with the included endogenous variable (donations), but mean inde-
pendent of output. CRE prices are also exogenous to the retail food industry
as they are set by competition among firms from a large number of industries
for the same space.

Our data (from CoStar, a CRE data firm) potentially represent very gran-
ular geographies—specific to each address in our data set—but we aggregate
up to the level of the ZIP code in order to reflect market-level prices that are
independent of the output of any particular location. Cost-minimising retail
managers should optimise the use of their floor space and manage inventory
more carefully by purchasing in a way that more closely mimics a just-in-time
replenishment system. If this is the case, we expect stores in more expensive
areas to donate less, as the marginal value of additional store sizes is higher.
As in the case of our labour variable, therefore, we maintain that each of our
instruments are valid, based on first principles, and the maintained assumption
that retailer managers seek to minimise the costs of production. In the next
section, we report the validity of both sets of instruments, before discussing
the estimates obtained from our structural model of production, and markups.

5. Results and discussion

We begin this section with a presentation of our main results and conclude with
a series of counterfactual simulations that illustrate the policy relevance of our
findings. Throughout the paper, we refer to a number of robustness tests that
were conducted by estimating multiple specifications of each model to help
establish the validity of our results. We begin by presenting the results from a
set of ‘reduced-form’ models that seek to examine whether our data are suf-
ficient to estimate the underlying production function we hope to bring to the
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data, and whether food bank donations are related to store-level performance,
even without imposing the additional structure implied by our two-stage CF
method. We then present different specifications of the markup estimation
model and interpret them in terms of their implications for store-level markups,
both with and without donations.

Our reduced-form evidence suggests that our store-level data can iden-
tify important relationships between key production inputs and output. We
present the results from our reduced-form specifications in Table 3. In gen-
eral, across all specifications, we find that the parameters of the production
function (output elasticities) are precisely estimated and appear to reflect a
relatively well-behaved production technology. As evidence of this assertion,
note that we fail to reject the null hypothesis of constant returns to scale in
each specification except Model 5. That is, in each of the first four mod-
els (Model 1—Model 4), the returns to scale (sum of the output elasticities,
evaluated at the means of the data and random parameters) is 0.99, while the
returns to scale for Model 5 is 1.09. While there are no benchmarks in the lit-
erature against which to compare these estimates, they appear to be logically
consistent as it is difficult to imagine large-scale retail chains with substantial
unexploited economies of scale at the store level.

The markups implied by our estimates appear to be reasonable. Start-
ing with a basic production-function model (Model 1), we find an implied
markup of 2.67, and the markups for Models 2–4 are similar (2.66, 2.71 and
2.72, respectively). When we allow for interactions between donations and
the labour input, however, on the assumption that facilitating a more effec-
tive price-discrimination strategy allows the store to increase its revenue per
available worker (a key metric in retail), we find that implied markups are
slightly lower, at 2.53. This finding is due to the fact that the interaction effect
between donations and labour in the reduced-form model is negative, meaning
that donations actually reduce the marginal productivity of labour. Statisti-
cally, Model 5 is preferred as a likelihood ratio (LR) test rejects Model 4 in
favour of Model 5 at a 5 per cent level of significance, and 2 degrees of free-
dom (χ2 = 11.4). However, we note that these models are in reduced form in
nature, so both the elasticity of output with respect to labour and hence the
estimate impact of donations on markups are likely to be biased. Accurately
accounting for the impact of donations on output requires that we control for
the endogeneity of labour, and of donations.14

First, however, we provide evidence on the quality of our first-stage, instru-
mental variables regressions in Table 4. From the first set of results in Table 4,

14 Note that the size of our implied markups is not directly comparable to the much-smaller esti-
mates in De Loecker and Warzynski (2012), for example, who find markups in the range of
1.17− 1.28. Their sample firms are manufacturers, so the role of labour in their production
process is very different. In general, the labour share of revenue in manufacturing is much
larger (and impliedmarkups smaller) relative to retailers, as cost-of-goods-sold constitutes most
of the revenue share for food retailers. Retailers are, by definition, inventory-intensive and
labour-extensive relative to manufacturers. Furthermore, these estimates are gross markups
over marginal cost, and retailers are well-understood to have relatively high fixed costs (Bliss
1988).
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Table 4. First-Stage Instrumental Variables Regressions

Model: Labour Model: Donations

Instrument Mean Std. Err. Mean Std. Err.

Constant 4.0278* 0.1729 4.1517* 0.3608
Wages −1.0373* 0.2013
CRE prices −0.2095* 0.0324
Density −0.5400* 0.2612
HH size −0.1121* 0.0502
Unemployment −0.2785* 0.1143

F-statistic 26.5653 13.5199
R² 0.0261 0.0519

Note: Wages are from BLS, QCEW; CRE prices are from CoStar, defined for specific store locations; density refers
to population density; HH size refers to household size; unemployment rate to the unemployment rate of individuals
above 16 years of age, each from the American Community Survey, Bureau of Census, measured on a census-census-
tract level. A single asterisk (*) indicates significance at a 5 per cent level.

we find our instrument for the labour input to be not weak in the sense of
Stock and Yogo (2005), as the F-statistic from the first-stage instrumental vari-
ables regression is 25.6, which is above the threshold of 10.0. In terms of the
donation variable, our first-stage instrumental variables regression supports
our hypothesis regarding the relationship between CRE prices and donations,
as the results in Table 4 show that CRE prices are an important driver of dona-
tions. Furthermore, this regression shows that stores in more dense, higher
unemployment areas with larger households are likely to donate less. Again,
this set of instruments is not weak as the first-stage F-statistic is 13.6. With
these instruments, therefore, we are at least reasonably confident that the
results from the structural model are as free of bias as possible.

We present the estimates obtained from our control-function approach in
Table 5. As in Table 3, we present the results from a number of different models
in order to examine the robustness of our findings across different specifica-
tions. First, we note that the base labour-elasticity estimates in Table 5 are
much lower in Models 1 and 2 than in the reduced-form estimates presented
in Table 3 (0.111 and 0.103 relative to an average of 0.241 across all 5 speci-
fications). This finding suggests that our variant of the Ackerberg, Caves and
Frazer (2015) correction procedure is able to address a considerable amount
of the endogeneity bias inherent in the reduced-form models of Table 3.15

Second, note that these lower labour-elasticity estimates imply correspond-
ingly lower retail markups—in all but the preferred model. Again using a

15 We estimated a version of the structural model in Table 5 using a limited-information maximum
likelihood (LIML) approach in order to examine the sensitivity of our findings to the fact that
our donation instruments are close to the weakness threshold of Stock and Yogo (2005). Our
findings, available from the authors, are qualitatively similar, but implausibly high inmagnitude.
While the small-sample properties of the LIML estimator may be superior to our control-function
estimates, we maintain that the LIML model does not adjust for unobserved productivity shocks
as completely as the maintained Ackerberg, Caves and Frazer (ACF) (2015) method.
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LR test to compare models, given that each is nested in the more-complex
model to its right in the table, we find that Model 2 is preferred to Model 1
(χ2 = 100.0), and Model 3 is preferred to Model 2 (χ2 = 18.3). Interpreting
the results from our Model 5, notice that the equilibrium markups are simi-
lar, albeit higher, to the markups estimated from our preferred reduced-form
model (3.76 versus 3.14). Because the differences betweenModel 3 andModel
2 in Table 5 are our controls for the endogeneity of donations and labour input,
it is clear that controlling for all sources of endogeneity bias is necessary to
obtain accurate estimates of the donation effect. Furthermore, note that our
preferred markup effect is, again, relatively large. Finding a markup effect this
substantial, and statistically significant, implies that quality-based price dis-
crimination ismore than a public-relations strategy by perishable-food retailers
to portray themselves as less wasteful than rivals, and indeed may comprise a
major component of their perishables pricing strategy. That said, our estimates
to this point do not take into account the volume-shifting effects we estimate.

We use these estimates of the structure of retail food production to estimate
the impact of food bank donations on the markups implied by the De Loecker
and Warzynski (2012) approach, and overall store profitability. Based on the
estimation results in Table 5, we conduct a series of counterfactual simulations
that aim to show the likely effect of food bank donations on store profitabil-
ity, taking into account not only the marginal effects on labour productivity
identified in Table 5, but the overall store-volume effects encompassed by the
entries in that table as well.

We conduct our simulations by running the preferred model in Table 5
(Model 3), and calculating weekly store sales (corrected for the CF procedure,
and the PPI deflation protocol) for every observation in the data, taking into
account the random nature of the key production parameters. We calculate the
implied standard errors using the delta method given the non-linear relation-
ship between donations and store sales, and then vary the level of donations
downward, and upward, in increments of 25 per cent from the observed, mean
donation levels. Because these effects move in opposite directions, we expect
the direct effect on volume to moderate the large markup effects shown in
Table 5.

Table 6 reports the results of our numerical model. The entries in Table 6
show a small, positive net effect of donations on store sales. For each 25 per
cent increment in donations (roughly 12,500 lbs. per year), the impact on store
sales is approximately $3,500 per week, or $182,000 per year. Given the rela-
tively small net margins for supermarkets in the USA, this increment in sales
represents an economically significant increase for each store.16 Note further
that because we control for individual store attributes, this effect represents an
average over what we would expect from a representative store in our sam-
ple. Moreover, because perishable food that is thrown out at its expiration date

16 Expressed as a percentage of store sales, a 50 per cent change in donations represents roughly
a 1 per cent change in store sales.
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Table 6. Simulated Store Sales and Donations

Store Sales

Donations Mean Std. Dev. t-test

−50 per cent 666.8851 0.0052 −61.4835
−25 per cent 670.4884 0.0033 −42.3750
Base 674.1188 0.0027
25 per cent 677.7636 0.0041 36.5105
50 per cent 681.4294 0.0063 52.6753

Note: Simulations are averaged over each observation in the data; t-ratio values are relative to the base store value.
Values are in thousands of dollars per week.

represents an economic loss, a feature described as ‘shrink’ in retailing ter-
minology, this increment to revenue also represents a direct improvement in
stores’ bottom lines.17 Accordingly, we view our findings as a lower-bound
estimate of the change in store profit due to store-level food bank donations.

Our findings are important for the study of food retailing on a number of
levels. First, food banks form an important part of the food supply chain in
general by creating a secondary market for perishable food items. Finding sup-
port for the notion of ‘retailer-food bank symbiosis’ therefore casts food bank
donations in new light. While we do not doubt that food bank donations are an
important part of a retailer’s public relations programme, they also appear to be
essential to the marketing and merchandising strategies of donating retailers.

We find evidence that donating perishable food items at the back of the store
allows retailers to sell them more profitably at the front of the store. Further
on this point, we note that it is somewhat surprising that we observe some
stores with zero donations, despite the clear profitability of donating. Because
donation amounts are at the discretion of store management, and the local food
bank reserves the right to not allocate a truck if donations amount are likely to
be small, we believe our findings highlight a key decision error in managing
perishable inventories. Failing to donate enough expiring food takes away one
opportunity for profitable quality enhancement within the stores.

Second, we show how an increasingly important empirical method that has
been limited to date to examining firms at the manufacturing level can be used
to study store-level performance at the retail level without the need to construct
a large-scale demand model that encompasses thousands of products at a time.

Third, our findings are also relevant to the study of retail food waste, which
is important in its own right. Perishable food that is not donated to a food bank
is typically either discounted or simply discarded. To the extent that degraded
food itemswould otherwise be discarded by retailers at the end of their saleable
lives, food bank donations serve to reduce retail food waste. Studying the
effect of food bank donations on retail food waste, in this sense, provides an
interesting avenue for future research.

17 In fact, the savings are even greater if we were to add the cost of tipping fees levied by most
municipal waste agencies, and the potential tax savings from the donations to food banks.
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26 J. Lowrey et al.

6. Conclusions and implications

Food banks form an important, yet overlooked, part of the retail food-supply
system. We have demonstrated that food banks play an essential role in food
retailers’ perishable-food inventory and pricing strategies by allowing firms to
engage in quality-based price discrimination. Donating perishable food that is
past its saleable lifetime allows retailers to maintain higher food quality on the
shelf, on average, resulting in higher prices and larger markups than would
otherwise be the case.

We framed our empirical model of food bank donations using a production-
side empirical model of secondarymarkets and quality-based price discrimina-
tion. Due to the fundamental intractability of modelling whole-store markups
from a demand-side perspective (Berry, Levinsohn and Pakes, 1995), we use
the production-side approach of Hall (1986) following the recent contribu-
tions by De Loecker (2007, 2011a, 2011b); De Loecker andWarzynski (2012);
and De Loecker and Scott (2016). We show that this method provides a valu-
able alternative for examining retail margins in multiproduct environments
with large numbers. Such an approach is generally applicable for other impor-
tant questions in empirical industrial organisation settings when the scope of
products transacted makes traditional demand-side methods intractable. In this
regard, our empirical model is the first in the empirical retailing literature to
use a markup approach to estimate retail market performance at the store level.

We find that donations are associated with higher markups among super-
market retailers in our sample. At the same time, removing food from the shelf
through donations represents a substantial loss in sales volume relative to a
strategy of discounting prices to clear unsold inventory, which makes the effect
of donations on sales unclear from our empirical estimates, alone. To address
the impact of food donations on retail sales, we constructed a numerical model
to show that the net effect of food bank donations is to raise retail sales at
donating stores. Following a 25 per cent increment in donations (roughly 650
additional lbs. per year), store-level sales rise by approximately $182,000 per
year. In this regard, food donations create a symbiotic relationship between
retailers and food banks in meeting the food consumption needs of households,
an outcome that has not been properly acknowledged to date.

Our study has some potential weaknesses that can be improved upon in
future research. By extending the Ackerberg, Caves and Frazer (2015) frame-
work to an incomplete panel of production-type data, our aim is to open up
a new avenue for empirical research on retail market performance. Studying
retailing questions, in general, is confounded by the curse of dimensionality,
as modern retailers typically sell thousands of products at a time, introduc-
ing a potentially rich set of demand relationships between products within and
across categories. Further developing methods along these lines to improve the
precision of estimated margins at the level of the entire store therefore repre-
sents a substantial opportunity to advance knowledge in the empirical retailing
literature. For example, the TDLinx data we used for our approach are not the
‘usual’ form of production data gathered either for census purposes (Census of
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Manufacturers) or for financial analysis (Compustat), but are well-suited for
our purposes.

In light of the growing importance of dynamic modelling techniques in the
retailing literature (e.g. see Arcidiacono et al., 2016), and the fundamental
importance of understanding dynamic shopping behaviour more generally, a
fruitful avenue for future research would be to consider a dynamic variant of
the production-side markup approach we have pursued here. Furthermore, our
findings seem to suggest that retailers can improve profitability by donating
more, seemingly without bound. However, the practical limit to exploiting
the mechanism we describe here is likely the store’s own inventory-handling
capabilities and the fact that there is a physical limit to a retailer’s ability to
raise quality simply by donating end-of-life product. That is, the as-purchased
quality of the food represents a natural ceiling to the strategy implied by our
findings.
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