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Reducing household food waste is an important policy objective. In this paper we examine how equi-

librium food waste among households is influenced by food policies designed to increase household

food utilization and to alter household food purchasing behavior by adjusting market prices. We

demonstrate that policies that reduce the marginal cost of household food utilization and that raise

fresh food prices result in greater food waste for households with sufficiently price-elastic demand

for fresh food. Policies that raise the processed food prices increase fresh food consumption, but nev-

ertheless reduce food waste, provided that fresh and processed foods are substitutes in utility and the

equilibrium food utilization rate in a household is sufficiently high.
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As global food demand continues to rise
through population and consumption growth,
food waste has emerged as an important pol-
icy issue. Food waste results in an inefficient
allocation of water and energy resources
(Hall et al. 2009), contributes to environmen-
tal degradation (Buzby and Hyman 2012),
and hampers global food security (Parfitt,
Barthel, and Macnaughton 2010; Buzby et al.
2011; Gustavsson et al. 2011; Coleman-
Jensen, Gregory, and Singh 2014). While
much has been written about the scale and
causes of food loss at different points in the
supply chain, comprehensive solutions to the
problem remain elusive due to the multiple
origins of food waste and to the different so-
cial implications for food loss at the farm, re-
tail, and household levels of the food system.
Within this literature, there is widespread
agreement that household food waste

represents a particularly important policy
concern, both because the vast majority of
food waste in developed economies occurs at
the household level (Griffin, Sobal, and
Lyson 2009; Buzby et al. 2011; Cicatiello
et al. 2016), and because household food
waste typically ends up being deposited in
municipal landfills.1

In this paper, we examine how household
food waste is affected by food policies
designed to facilitate household food utiliza-
tion and to alter food purchasing behavior by
changing market prices. Our analysis encom-
passes recent policy proposals to increase
food utilization rates at households, for in-
stance through improved food storage sys-
tems, superior date labeling standards, and
browning-prevention for fresh fruit, as well as
food policies that adjust market prices for
fresh and processed foods, as in the case of
agricultural policies that increase farm sup-
ply, welfare policies designed to raise food
consumption among low-income households,
and health policies that encourage fresh food
consumption and discourage processed food
consumption by changing relative prices.
Such policies can have important implications
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U.S. Environmental Protection Agency estimates that post-
consumer food waste accounts for approximately 18% of total
solid waste by volume deposited in municipal landfills (U.S. EPA
2016).
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for equilibrium levels of food waste by in-
creasing the share of food items consumed in
households that are prone to waste.

There are several known causes of house-
hold food waste. Households often purchase
more food than they need due to impulsive
shopping behavior and promotional behavior
among retailers such as volume discounts,
and households fail to fully utilize food after
purchase due to insufficient meal planning,
lack of understanding of “best-before” or
“use-by” dates on food labels, inadequate in-
ventory management systems, and poor prep-
aration techniques (Gustavsson et al. 2011;
Halloran et al. 2014).

Recent policy proposals have attempted to
address household food waste by increasing
incentives for households to utilize purchased
food. For example, an emerging body of re-
search examines how educating consumers
about expiration dates and changing consum-
ers’ incentives to generate waste can poten-
tially improve household food utilization
(Tsiros and Heilman 2005; Buzby and Hyman
2012; Theotokis, Pramatari, and Tsiros 2012;
Halloran et al. 2014). Indeed, the proposed
Food Recovery Act (2017) includes, among
other things, federal grant and loan programs
designed to improve food labeling and increase
consumer awareness of food waste (U.S.
Congress 2015).2 These principles are the cen-
terpiece of the USDA’s effort to cut food
waste in half by 2030 (USDA 2015), a goal in
line with the United Nation’s Sustainable
Development Goal of reducing global food
waste at the retail and consumer level by 50%
over this period (United Nations 2015).

Despite the importance of public policies to
reduce food waste by targeting improved
household food utilization, there is little re-
search to date on how such policy affects equi-
librium food waste among households. This
omission is important because policies designed
to improve household food utilization through
education programs, labeling standards, and
technology incentives have the potential to si-
multaneously alter food demand and equilib-
rium food purchasing behavior, resulting in
ambiguous changes in food waste. Indeed, re-
cent evidence from government programs tar-
geting improved food utilization indicates that

reducing food waste through consumer-facing
campaigns is difficult to achieve. After initial
success in the United Kingdom’s initiative to re-
duce household food waste over the period
2007–2012, household food waste began rising
again in 2012 (Goodwin 2017), and in response
to an ambitious food waste reduction program
in the Netherlands initiated in 2009, household
food waste remained largely unchanged be-
tween 2009 and 2011 (Soethoudt and
Timmermans 2013).

In this paper, we examine the effect of
food policies designed to facilitate improved
household food utilization on the equilibrium
level of food waste among households. Our
work is related to the recent analysis of
Hodges, Buzby, and Bennett (2011), who
consider disposal taxes on discarded food
products, and Katare et al. (2017), who exam-
ine optimal disposal taxes on food waste un-
der circumstances where food is produced
from polluting inputs (e.g., fertilizer, fuel,
pesticides) with known, external costs. Our
point of departure is that we consider incen-
tives that reduce the household costs of food
utilization and alter food prices as opposed to
examining disposal taxes on food waste.

There are well-known difficulties associated
with implementing waste disposal taxes when
multiple dispensation alternatives exist. For
example, Smith (1972) considers packaging
waste in a model where solid waste is either
disposed or recycled, and demonstrates that
optimal policies involve unit incentives for
waste disposal; however, such policy instru-
ments are infeasible for controlling food waste
given that consumers can readily evade dis-
posal taxes on food waste levied in curbside
collection systems by disposing of uneaten
food through in-sink garbage disposals.
Moreover, curbside trash receptacles typically
contain a mix of food and non-food waste
items, and household fees for waste collection
are generally fixed costs that do not vary with
the volume of waste, further limiting the abil-
ity of municipalities to provide incentives that
target household food waste.3

2 Introduced as H.R. 3444 in July of 2017, the Food Recovery
Act has been referred to committee in the House, while a related
measure, S. 1680, was introduced in the Senate in the same
month. At the time of writing, neither has yet to be passed out of
committee.

3 Some municipalities, such as Seattle, have attempted to im-
pose fines on households for disposing food waste in trash bins as
opposed to compost bins; however, Seattle’s fines, which began
in 2015, were levied as fixed fees per offense rather than in pro-
portion to the quantity of food waste, and hence fall short of
serving as an implicit tax on food waste. Moreover, in April 2016
the city’s ordinance was overturned in King County Superior
Court as unconstitutional on the basis that allowing garbage col-
lectors to look through people’s trash violated individuals’ pri-
vacy rights.
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We base our observations on a model in
which households derive utility from net food
consumption of two types of food products:
(a) fresh food products; and (b) processed
food products. For clarity, we assume that
only fresh food, and not processed food, is
subject to household food waste. Net con-
sumption of fresh food in the model is the
product of household food purchases and
household food utilization, and households
incur disutility when increasing food utiliza-
tion rates. Within this framework, we con-
sider food policies that reduce the marginal
cost of household food utilization, for in-
stance by providing access to superior food
preservation and refrigeration technology, fa-
cilitating meal planning, providing clear la-
beling information, and promoting better
food inventory management systems. We
also consider the affect of food policies that
alter market prices for fresh and processed
foods on the equilibrium level of household
food waste.

Our findings shed some light on conven-
tional wisdom surrounding two aspects of
food waste: (a) that low food prices contrib-
ute to food waste; and (b) that policies that
reduce the marginal cost of household food
utilization help combat food waste. We dem-
onstrate that neither outcome is universally
true. Specifically, when household demand
for fresh food products is sufficiently price
elastic, we show that policies that reduce the
marginal cost of household food utilization
result in greater levels of food waste. The rea-
son is that policies that decrease the marginal
cost of household food utilization increase
food utilization rates, but also increase food
purchases when fresh food products are
priced on the elastic portion of household de-
mand. For example, having a larger refrigera-
tor can increase household food waste by
encouraging families to stockpile greater
quantities of perishable food.

We also consider policies that alter the rel-
ative price of fresh and processed foods. We
show that policies that increase household ac-
cess to fresh food, for instance through food
support programs like SNAP, do not neces-
sarily lead to greater levels of household food
waste. While lower food prices increase
household food purchases, household food
utilization is negatively related to fresh food
prices whenever household demand for fresh
food is price elastic. Policies that reduce fresh
food prices therefore can result in lower equi-
librium levels of food waste for households

with sufficiently elastic fresh food demand
functions. In contrast, policies that increase
processed food prices result in both greater
fresh food demand and higher equilibrium
food utilization rates when fresh and proc-
essed foods are substitutes. Despite the fact
that such policies shift household consump-
tion towards more perishable forms of food,
we demonstrate that raising processed food
prices reduces food waste for a wide range of
model parameterizations.

Our results underscore the fact that the ag-
gregate effects of food policies on food waste
depend on the distribution of price elasticities
among affected households. Heterogeneous
responses to food policy at the individual
household level can result in offsetting effects
at the aggregate level, dampening the effec-
tiveness of public policies designed to reduce
food waste. Thus, our findings suggest a po-
tential explanation for the general lack of
success among industrial countries in reduc-
ing food waste through consumer-facing
campaigns.

The remainder of the paper is organized as
follows. In the next section, we develop a
model of household food waste and charac-
terize equilibrium outcomes for food waste in
a setting where households make purchasing
decisions over fresh and processed foods and
incur disutility from increasing food utiliza-
tion. In the subsequent section, we present a
numerical model that reveals a non-
monotonic pattern in the equilibrium level of
household food waste in response to varia-
tions in food utilization costs and food prices.
In the last section, we describe policy implica-
tions of the model and summarize conclu-
sions for reducing food waste.

Consumer Food Waste Model

The goal of the model is to address how pol-
icy changes and technological innovations in
the food system impact household food
waste. Households in the model make choices
over consumption of two composite commod-
ities: (a) fresh food (X), which is perishable;
and (b) processed food (Y), which is not. Net
consumption of fresh food by the household
is the product of food purchases and food uti-
lization, X ¼ cQ, where c 2 ð0; 1Þ is food uti-
lization. We define household food waste
accordingly as the unconsumed portion of
fresh food purchased, FW � ð1� cÞQ.
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Household utility is given by the utility
function uðX;YÞ � hðc; hÞ þ z, where uð:Þ is
an increasing and concave function of food
consumption, hðc; hÞ is disutility from house-
hold food utilization efforts, and z is an out-
side good. We assume the opportunity cost of
household food utilization rises in c, hc > 0,
and we introduce a shift parameter in the
household food utilization cost function, h, to
capture the effect of policy (or technical
change) that reduces the amount of effort
household members must exert to utilize
food. The household food utilization cost is
affected by technical innovation that pro-
longs the shelf-life of fresh food (e.g., refrig-
eration, pasteurization, sealing and re-sealing
technologies, modified air content in pack-
ages), as well as by government programs
designed to improve home production practi-
ces (e.g., meal planning recommendations,
fresh food inventory management, improved
date labels on packaged fresh food).

Let P denote the price of fresh food, and
Py denote the price of processed food. A
representative household seeks to maxi-
mize utility subject to the budget constraint,
I ¼ PQþ PyY þ z; where z is the numer-
aire. Substituting the net consumption rela-
tionship and budget constraint into the
utility function, household utility can be
written as

uðcQ;YÞ � hðc; hÞ � PQ� PyY þ I:

Maximizing this expression with respect to Q;
c; and Y results in the first-order necessary
conditions

ð1Þ cuxðcQ;YÞ ¼ P

ð2Þ QuxðcQ;YÞ ¼ hcðc; hÞ

ð3Þ uyðcQ;YÞ ¼ Py

where all prices are denominated in terms of
the numeraire. Household demand for fresh
food, food utilization, and processed food are
completely characterized by equations (1)–
(3). We denote the simultaneous solution to
these equations as Q�ðP;Py; hÞ; Y�ðP;Py; hÞ
and c�ðP;Py; hÞ.

The remainder of the paper describes the
effect of policy or technology shocks in food
prices and food utilization costs on two out-
comes of interest: (a) food waste,
FW � ð1� cÞQ; and (b) food consumption,
FC � cQþ Y . For the results to follow, it is

helpful to define the elasticity of the marginal
cost of household food utilization as eh ¼ hccc

hc
;

and the elasticity of marginal utility for fresh
food as U ¼ �uxxcQ

ux
> 0.4

To ensure that c < 1, we impose the condi-
tion that lim c!1 hcðc; hÞ ¼ þ1. A natural
way to introduce this condition in the model
is to consider a convex cost function for food
utilization, hcc > 0, with a vertical asymptote
at c¼ 1; however, this condition is stronger
than needed. For the main results to follow,
we limit our attention to cases in which
eh�� 1, and assume that direct effects of
consumption on marginal utility dominate in-
direct effects juiij > juijj; i ¼ x; y; j 6¼ i. These
conditions allow the following useful result:
(proofs of all lemmas and propositions ap-
pear in the appendix).

LEMMA 1. When household demand for fresh
food is price elastic: (a) an increase in the
price of fresh food reduces food utilization ef-
fort; and (b) a decrease in the marginal cost of
food utilization increases the quantity of fresh
food purchased by households.

Conventional wisdom suggests that rela-
tively low fresh food prices facilitate food
waste, and accordingly, that policies designed
to reduce food waste work at cross-purposes
with food policies that increase food access in
households. This is not necessarily true. The
reason is that two things happen to household
food utilization incentives when food prices
rise: (a) the marginal utility of converting
fresh food into consumption is higher as
households consume on a steeper portion of
the utility function; and (b) households pur-
chase less food, resulting in a smaller quantity
to utilize. When households purchase large
quantities of food at low prices, there is a
commensurately large incentive to utilize
food through meal planning efforts, for in-
stance by planning subsequent meals using
leftovers, whereas there may not be enough
food remaining for leftover meals when
households purchase a smaller quantity of
food.

Formally, first-order conditions (1) and (2)
imply that households equate marginal utility
(per dollar of z) across food purchases and
food utilization effort, Q

hc
¼ c

P. When the de-
mand for fresh food is price-elastic, higher

4 Absent food waste, U ¼ �@P
@X

X
P is the price flexibility of fresh

food demand.
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fresh food prices reduce household expendi-
tures on fresh food, which leads to a propor-
tional decrease in hcc to maintain the
tangency between indifference curve and iso-
cost line. Because hcc is an increasing func-
tion of c for all eh�� 1, reduced household
expenditure on fresh food must necessarily
decrease equilibrium food utilization.
Following a rise in the price of fresh food, the
marginal utility of converting fresh food into
consumption rises, but this incentive is domi-
nated by a larger decline in the quantity of
food that households purchase under elastic
demand conditions.

A comparable result holds for changes in
food utilization technology. When demand
for fresh food is price elastic, food policies
and technical advances that reduce the mar-
ginal cost of household food utilization
(hch < 0) increase the quantity of fresh food
that households purchase. Accordingly, food
waste can rise in response to policies that re-
duce the cost of food utilization because
households respond to the reduced marginal
cost of food utilization by purchasing greater
quantities of food.

Two things should be noted about the price
elasticity of household fresh food demand.
First, food waste makes household demand
for fresh food more price-elastic, because
households with positive levels of food waste
are able to respond to higher fresh food pri-
ces on both food purchase and food utiliza-
tion margins. As a result, household demand
for fresh food will tend to be more price elas-
tic for households with lower equilibrium
rates of food utilization. Second, our analysis
considers household demand for highly-
aggregated categories of food, which in gen-
eral results in less price elastic demand than
is the case for individual food items. Okrent
and Alston (2011) estimate food demand for
broad groups of commodities and find food
demand to be inelastic in virtually all catego-
ries, whereas Nijs et al. (2001) estimates the
mean elasticity of demand at the category-
demand level of products in supermarkets to
be �1.75. However, these demand estimates
are at the market level rather than the house-
hold level.

Recent evidence suggests household food
demand is price elastic for a significant share
of U.S. households. Lusk (2017) reports the
mean estimated price elasticity of demand for
food at home and food away from home com-
posites of �1.07 and �1.12, respectively,
across 50 household clusters grouped by

demographic and attitudinal variables.5 For
food at home, Lusk (2017) reports nine
household clusters (18% of the sample) as
having highly elastic demand less than -2.0,
and an additional seventeen household clus-
ters (34%) as having an own-price elasticity
of demand between �1.0 and �2.0.
Moreover, a considerable body of research
suggests that demand is more elastic for the
food away from home segment of the market,
a category that represents an increasing share
of total household food expenditure (Stewart
2011), and that household food demand is
more elastic among low-income households
than high-income households (Barnes and
Gillingham 1984; Lusk 2017).6 These findings
suggest that fresh food demand is price elastic
for a substantial share of households.

We now turn to examine the effect of price
changes and policies that impact food utiliza-
tion costs on the equilibrium levels of house-
hold food consumption and food waste.
Public policies that reduce household food
utilization costs affect equilibrium food con-
sumption and food waste as follows.

PROPOSITION 1. Policies that reduce the mar-
ginal cost of food utilization (hch < 0): (a) in-
crease household consumption of fresh food
and total food; (b) decrease (increase) proc-
essed food consumption when the food cate-
gories are substitutes, uxy< 0 (complements,
uxy > 0); and (c) result in greater household
food waste when c < 1� U:

Reducing household costs of food utiliza-
tion is at the crux of the policy discussion on
reducing post-consumer food waste.
Proposition 1, which encompasses both pub-
lic policy and technical innovations designed
to reduce the marginal cost of utilizing food,
confirms the intuition that such efforts result
in increased food utilization (c�), greater
fresh food consumption (X� ¼ c�Q�), and
higher total food consumption (X� þ Y�) at
households. These outcomes underscore the
potential trade-off between reducing food
waste and promoting consumer health

5 When a single model is fit to the aggregate dataset, Lusk
(2017) finds the own price elasticities to be -1.25 and -1.33, re-
spectively, for food at home and food away from home
categories.

6 For a recent survey of demand elasticity estimates in the lit-
erature, see Andreyeva, Long, and Brownell (2010). Lusk (2017)
finds household demand for food at home to be less elastic for
higher-income households, but does not find significant effects of
income on the elasticity of demand for food away from home.

Hamilton and Richards Food Policy and Household Food Waste 601

D
ow

nloaded from
 https://academ

ic.oup.com
/ajae/advance-article-abstract/doi/10.1093/ajae/aay109/5306471 by C

ornell U
niversity Library user on 13 February 2019



outcomes under circumstances where health
problems such as obesity are derived from
overconsumption of food.7

Proposition 1 suggests that policies and
technical changes that reduce the marginal
cost of food utilization result in greater levels
of food waste for households with sufficiently
price-elastic demand for fresh food. When
household demand for fresh food is price
elastic, Lemma 1 indicates that changes in
food purchases work against changes in food
utilization in generating household food
waste. Policies that reduce the cost of food
utilization, hch < 0, cause households to
make more efficient use of their fresh food
purchases, but also increase their fresh food
purchases, selectively raising their exposure
to products that are subject to household
food waste.

To clarify the implications of policies that
facilitate food utilization on food waste, con-
sider the case of independent demand for
fresh and processed products (uxy¼ 0). In this
case, household demand for fresh food is
price elastic whenever U < 1, and is infinitely
elastic when U¼ 0. For any household with
elastic demand for fresh food, a positive level
of household food utilization exists for which
household food waste rises in response to pol-
icy that reduces the marginal cost of food uti-
lization, and household food waste rises for
certain with a decrease in marginal food utili-
zation costs for households with infinitely
elastic fresh food demand.

Now consider the effect of policies that
change the relative price of fresh and proc-
essed foods. Such policies are often proposed
to encourage better health outcomes among
consumers by facilitating substitution towards
fresh food and away from processed food.8

Policies that promote greater consumption of
fresh food generally do so by affecting rela-
tive prices, either by reducing the price of
fresh food, or in the case of substitutes, by
raising the price of processed food. We con-
sider the food waste implications of policies
that affect fresh and processed food prices, in
turn.

Higher fresh food prices affect equilibrium
household food consumption and food waste
as follows:

PROPOSITION 2. Higher prices for fresh food:
(a) decrease household consumption of fresh
food and total food; (b) increase (decrease)
processed food consumption when the food
categories are substitutes, uxy< 0 (comple-
ments, uxy> 0); and (c) result in greater food
waste when c > Uþeh

1þeh
:

Higher fresh food prices decrease house-
hold purchases of fresh food (Q�).
Proposition 2 confirms the fact that higher
fresh food prices also reduce fresh food con-
sumption (X� ¼ c�Q�) and total food con-
sumption (X� þ Y�), although processed
food consumption can increase or decrease in
response to higher fresh food prices accord-
ing to the nature of cross-category substitu-
tion in household utility.9

When fresh food and processed foods are
substitutes, policies that reduce fresh food
prices decrease household consumption of
processed food, reducing the share of proc-
essed food in consumer diets. Yet policies
that reduce fresh food prices for some or all
households (thereby increasing household
consumption of fresh food) at the same time
can reduce food waste among households
with price-elastic demand for fresh food. The
reason is that lower fresh food prices increase
household purchases of fresh food, but also
increase food utilization when household de-
mand for fresh food is price-elastic. Indeed,
household food waste is positively related to
the price of fresh food for households with
sufficiently price elastic fresh food demand.

To understand the implication of changes
in fresh food prices on food waste, consider
the case of independent demand for fresh
and processed products and the constant mar-
ginal cost of food utilization (eh ¼ 0). In this
case, policies that reduce fresh food prices re-
duce food waste whenever c� > U, an out-
come that holds when household demand for
fresh food is infinitely elastic. In general,
even under circumstances in which the food
utilization cost function is convex, household
food waste can decrease in response to a

7 It should be noted that an increase in food consumption does
not necessarily map to an increase in calorie consumption.

8 For example, the U.S. Congress has considered placing limits
on the types of food that could be purchased with SNAP benefits
to encourage households to consume a greater share of fresh
foods.

9 Recent evidence suggests this outcome may vary across
households. Lusk (2017) finds food at home and food away from
home to be substitutes in utility for the vast majority of house-
holds, but that these food categories are complements in utility
for 8% of households.
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decrease in the fresh food price when house-
hold fresh food demand is sufficiently price
elastic. Such an outcome is more likely to oc-
cur for households with relatively high rates
of food utilization in equilibrium.

Public policies designed to encourage
healthy food choices often involve the use of
incentives that raise the price of processed
food, for instance by taxes on sugar and other
attributes emphasized in the composition of
manufactured foods.10 Higher processed food
prices affect equilibrium household food con-
sumption and food waste as follows:

PROPOSITION 3. Higher prices for processed
food: (a) decrease household consumption of
processed food; (b) increase (decrease) both
fresh food purchases and food utilization
when fresh and processed foods are substi-
tutes, uxy< 0 (complements, uxy> 0); and (c)
result in an increase (decrease) in food waste
when c

1�c < 1þ eh in the case of substitutes

(complements).

Proposition 3 suggests that policies that
raise the price of processed foods affect
household food waste by shifting household
food consumption towards (away from) fresh
(processed) foods and increasing food utiliza-
tion under circumstances where fresh and
processed foods are substitutes.

Notice that households respond to higher
processed food prices by adjusting food pur-
chases and food utilization together in the
same direction, irrespective of the elasticity
of fresh food demand. Thus, changes in proc-
essed food prices that facilitate greater fresh
food consumption result in a virtuous cycle in
which households also increase fresh food
utilization.

When processed food and fresh food are
substitutes in household utility (uxy < 0), an
increase in the price of processed food raises
household incentives both to purchase fresh
food and to more fully utilize fresh food
items. Policies that raise the price of proc-
essed food therefore effect household food
waste according to the initial level of house-
hold food utilization and the elasticity of the
marginal cost of household food utilization.
To see this, consider the case in which fresh
and processed foods are substitutes and

households face a constant marginal cost of
food utilization, eh ¼ 0. In this case, an in-
crease in the price of processed food results
in lower household food waste whenever
c� > 1

2.
To make these insights more concrete, we

parameterize a simple version of our model
and conduct numerical simulations that show
how changing the incentives that households
face to purchase and utilize fresh food
impacts equilibrium outcomes for food waste.

Numerical Model

In this section we numerically calculate
changes in equilibrium quantities and equilib-
rium food waste with variations in the cost of
household food utilization. Specifically, we
consider the quadratic sub-utility function,

uðX;YÞ ¼ aðX þ YÞ � b

2
ðX2 þ Y2Þ � cXY

where the parameters a, b are positive con-
stants and b> c. This utility structure results
in linear (inverse) demand for goods X and Y
with a shift parameter, c, which is positive for
substitutes and negative for complements.

We consider iso-elastic food utilization
costs for households given by

hðc; hÞ ¼ ð1� hÞAca

where a > 0 and 0 < h < 1. For this specifi-
cation of food utilization costs, the marginal
cost of household food utilization is decreas-
ing in h; that is, hch ¼ �aAca�1 < 0.

The first-order conditions for the house-
hold utility maximization problem are

ð4Þ c½a� bX � cY� ¼ p

ð5Þ Q½a� bX � cY� ¼ aAð1� hÞca�1

ð6Þ a� bY � cX ¼ py

To illustrate the implications of changes in
household food utilizations cost on equilib-
rium food waste, we select baseline model pa-
rameter values such that a ¼ 2; b ¼ 1;A ¼ 1;
c ¼ 1

2 ; a ¼ 2; p ¼ 1
2 ; py ¼ 2

3 ; and h ¼ 0:6. For
this parameterization of the model, eh ¼ 1,
while the elasticity of demand for fresh and
processed food varies over the parameter
space. We then sequentially vary key parame-
ters in the model to identify the equilibrium

10 See Hamilton and R�equillart (2017) for an analysis of food
processors’ choice of food composition and the implications for
consumer health.
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values of Q�; c�, and Y� and the resulting
level of food waste for variations in h 2 ð0:1;
0:7Þ; p 2 ð0:3; 0:8Þ, and py 2 ð0:4; 1:5Þ.11

Equilibrium outcomes at our baseline cali-
bration values are Q� ¼ 1:168; c� ¼ 0:854 and
Y� ¼ 0:835, and household utility is
u� ¼ 0:970.

Figure 1 depicts the equilibrium values of
Q�; c�, and Y� for variations in h. As h
increases, the marginal cost of food utiliza-
tion decreases, raising equilibrium food utili-
zation (c�) and increasing the quantity of
fresh food consumption (X�). Household
purchases of processed food declines mono-
tonically in h because X and Y are substitutes
for c> 0. Notice that household food pur-
chases (Q�) follow a non-monotonic pattern
in h, rising with dh > 0 for h 2 ð0:1; 0:47Þ but
then declining at higher values of h. The rea-
son is that Q�ðhÞ is increasing in h only on the
elastic portion of household fresh food de-
mand by Lemma 1, and the price elasticity of
fresh food demand decreases in h and obtains
unit value at h ¼ 0:47.

Figure 2 plots the price elasticity of de-
mand for fresh food for variations in h.
Notice that the price elasticity of fresh food
demand is convex in h, declining sharply in h
for low values of h. The reason is that lower
values of h are associated with higher food
utilization costs, and accordingly, lower equi-
librium food utilization rates, exacerbating
the household response to decreases in fresh
food prices with greater fresh food purchases.

Figures 3–5 depict equilibrium outcomes
for household food waste in response to
changes in food utilization costs and food pri-
ces. In each case, we select the parameter
space to highlight the non-monotonic pattern
that emerges for food waste with respect to
each variable, which allows outcomes at the
turning point to be examined.

Figure 3 shows the outcome for equilib-
rium food waste for variations in
h 2 ð0:1; 0:30Þ. For this range of h, the equi-
librium quantity of fresh food purchases, Q�,
varies between 0.9 and 1.1, so that the vertical
axis on food waste roughly approximates
food waste as a percent of purchased food.
Equilibrium food waste is relatively high for
this range of the parameter space because a

decrease in the marginal cost of food utiliza-
tion increases food waste in Proposition 1
only when household demand for fresh food
is price elastic and the equilibrium rate of
food utilization is sufficiently small. In re-
sponse to a decrease in household food utili-
zation costs dh > 0, food waste rises for
h < 0:15 and then begins to fall, resulting in
an inverted u-shaped pattern of food waste
over this range of h. The equilibrium quantity
of food purchases is Q� ¼ 1:02 and equilib-
rium food utilization is c� ¼ 0:54 at the turn-
ing point of food waste. The elasticity of
demand is eD ¼ 3:95 at the inflection point,
indicating for this parameterization of the
model that food waste is rising with h only for
households with highly price elastic fresh
food demand functions.

Figure 4 depicts the equilibrium outcome
for food waste with respect to changes in
fresh food prices at baseline values of the
remaining parameters. Food waste declines
with the fresh price for values of
p 2 ð0:5; 0:67Þ, but then begins to rise with p
at higher fresh food prices. The elasticity of
demand is eD ¼ 1:61 at the inflection point,
suggesting for this parameterization of the
model that food waste is rising with p even
among households with moderately price-
elastic fresh food demand. The equilibrium
quantity of food purchases is Q� ¼ 0:85 and
equilibrium food utilization is c� ¼ 0:84 at the
inflection point. This outcome is consistent
with Proposition 2, which indicates that
higher fresh food prices increase food waste
only for households with sufficiently high
rates of food utilization.

Figure 5 shows the outcome for equilib-
rium food waste for variations in py 2 ð0:5;
1:2Þ at h ¼ 0:3 and baseline values of the
remaining parameters.12 Notice that an
inverted u-shaped pattern for food waste
emerges in response to increases in the proc-
essed food price. Food waste rises with the
price of processed food in the range
py 2 ð0:5; 0:74Þ, and then declines in py at
higher prices for processed food. The equilib-
rium quantity of food purchases is Q� ¼ 1:24
and equilibrium food utilization is c� ¼ 2

3 at
the turning point of food waste, which is the
critical value in Proposition 3 for food waste

11 Household utility is positive and 0 < c� < 1 for the range
of parameters values considered in our analysis. However, the
price elasticity of demand for fresh food rises steeply as h
decreases below 0.15.

12 By Proposition 3, food waste rises with the price of proc-
essed food for eh ¼ 1 when c� > 2

3, and the household food utiliza-
tion rate falls below this value only in the case where the
marginal cost of food utilization is relatively high (i.e., h is
“low”).
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to decline with higher processed food prices
when eh ¼ 1.

Food Policy Implications

Household food waste has important implica-
tions for food insecurity, global environmen-
tal externalities, and consumer health.
Developing food policies to address food
waste is particularly important because a
large share of household food waste is de-
rived from fresh fruit, vegetables, and meat
and dairy products, which tend to be both
more nutritious and to have shorter shelf-
lives than processed, shelf-stable foods.

Policies that target food waste therefore have
the potential to impact consumer health out-
comes, while policies designed to improve
consumer health by changing the relative
price of fresh and processed foods have im-
portant implications for household food
waste.

Our findings indicate that the implication
of food policy for household food waste
depends critically on the elasticity of house-
hold demand for fresh food. Specifically, we
have shown that policies designed to reduce
household food waste by facilitating reduc-
tions in marginal food utilization costs result
in greater food waste when fresh food de-
mand is sufficiently price-elastic, as house-
holds respond to lower food utilization costs

Figure 1. Equilibrium values over h

Figure 2. Utilization cost and demand elasticity

Hamilton and Richards Food Policy and Household Food Waste 605

D
ow

nloaded from
 https://academ

ic.oup.com
/ajae/advance-article-abstract/doi/10.1093/ajae/aay109/5306471 by C

ornell U
niversity Library user on 13 February 2019



by purchasing a larger quantity of fresh food.
The overall effectiveness of such policies
therefore depends on the price elasticity of
demand at the individual household level and
on the distribution of fresh food demand elas-
ticity values across household types.

Policies that impact food prices also have
important implications for food waste. To un-
derstand the implication of our findings for
food policy, consider the usual case consid-
ered in health economics in which fresh and
processed foods are substitutes in household
utility, and greater consumption of fresh
foods enhances consumer health. In this case,

policies designed to increase consumer health
outcomes generally involve raising the rela-
tive price of processed food, for instance by
subsidizing fresh food or taxing attributes
such as refined sugar emphasized in proc-
essed food. An important policy implication
of this paper is that the manner in which such
a policy is targeted across fresh and processed
foods can have profoundly different implica-
tions for food waste. Policies that reduce the
price of fresh food result in increased food
waste for households with inelastic food de-
mand, but can decrease food waste among
households with highly price-elastic fresh

Figure 3. Food waste and food utilization costs

Figure 4. Food waste and the price of fresh food
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food demand, whereas policies that raise the
price of processed food decrease food waste
for a wide range of model parameterizations,
irrespective of the elasticity of household
fresh food demand, although the magnitude
of these effects may be smaller in equilibrium.

We have demonstrated that policies that
seek to improve consumer health by reducing
fresh food prices need not result in greater
levels of household food waste. Indeed,
household food waste can decrease in re-
sponse to policies that subsidize household
consumption of fresh food for households
with sufficiently price elastic fresh food de-
mand. Under circumstances where household
fresh food demand is more elastic for low-
income households than for higher income
households, as suggested by Barnes and
Gillingham (1984) and Lusk (2017), food sup-
port programs (such as SNAP) that increase
food access for low-income households have
the potential to reduce household food waste.

At the same time, food policies designed to
improve consumer health by taxing processed
food tend to have favorable outcomes for
food waste. For households in which fresh
and processed foods are substitutes in utility,
policies that raise processed food prices affect
equilibrium outcomes for household food
waste by raising household fresh food pur-
chases and simultaneously causing house-
holds to more fully utilize fresh food. Our
numerical model confirms this outcome, dem-
onstrating that food waste declines with
increases in the processed food price when
the equilibrium rate of food utilization at the

household is sufficiently high, an outcome
that tends to occur when the price of proc-
essed food is high relative to the price of
fresh food and the marginal cost of household
food utilization is relatively low.

Public policies proposed to address house-
hold food waste are often designed to facili-
tate increased food utilization among
households. For example, improved product
labeling can effectively extend the shelf-life of
food products purchased by households, while
adding preservatives such as gases in bagged
salads can extend the life of refrigerated
foods. These policies reduce the marginal cost
of food utilization (hch < 0), but nevertheless
result in increased food waste among house-
holds with sufficiently price-elastic demand
for fresh food products. Indeed, our numerical
model reveals a non-monotonic pattern of
food waste in response to reductions in food
utilization costs dh > 0, with household food
waste rising in response to decreases in the
marginal cost of food utilization for small val-
ues of h before falling at larger values of h.

Our analysis has highlighted the fact that
estimating the proportion of households with
a price elastic demand for fresh food is criti-
cal for understanding the aggregate food
waste outcomes associated with food policies.
When an economy is comprised of house-
holds that vary in the elasticity of household
demand for fresh food, policies that seek to
reduce food waste by raising fresh food prices
or by reducing household food utilization
costs can be largely ineffective when a sub-
stantial share of households have elastic fresh

Figure 5. Food waste and the price of processed food
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food demand functions. Our observations are
underscored by recent experience in the
United Kingdom and Europe that seems to
indicate that consumer-facing campaigns
designed to facilitate household food utiliza-
tion have achieved little or no improvement
in aggregate food waste outcomes in practice.
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Appendix

This appendix contains all derivations of the
results in the paper. Totally differentiating
equations (1)–(3) and making substitutions

for U ¼ �uxxcQ
ux

> 0 and eh ¼ hccc
hc

yields

�uxUc=Q uxð1� UÞ cuxy

uxð1� UÞ �uxðUþ ehÞQ=c Quxy

cuxy Quxy uyy

2
664

3
775

dQ

dc

dY

2
664

3
775

¼

1

0

0

2
664

3
775dPþ

0

hch

0

2
664

3
775dhþ

0

0

1

2
664

3
775dPy:

Sufficient conditions for concavity of the
household objective function are

uxx < 0; uyy < 0;Uþ eh > 0;Uð2þ ehÞ � 1
> 0; and D < 0

where D is the determinant of the coefficient
matrix,

D ¼
�
Uð2þ ehÞ � 1

�
u2

xuyy þ cQð2þ ehÞuxu2
xy:

This expression can also be written

D ¼ �ux½ð2þ ehÞcQDþ uxuyy�

where D � uxxuyy � u2
xy > 0 holds by D < 0

and uyy< 0.

Proof of Lemma 1. The slope of demand
for fresh food with respect to the fresh food
price is

@Q

@P
¼ �Q

cD
½uxuyyðUþ ehÞ þ cQu2

xy�

¼ Q

cD
½cQD� uxuyyeh� < 0

where the sign holds by D> 0, uyy< 0, and D
< 0 whenever eh > 0. In cases where eh < 0,
confining the analysis to cases of downward-
sloping demand limits the allowable magni-
tude of eh. The price elasticity of perishable
food demand is given by

ed �
�@Q

@P

P

Q
¼ P

cD
½uxuyyðUþ ehÞ þ cQu2

xy�

¼ cQD� uxuyyeh

ð2þ ehÞcQDþ uxuyy
:

where we have substituted ux ¼ P=c from the
first-order condition for the consumer’s prob-
lem. It follows that

ed >1, cQD� uxuyyeh>ð2þ ehÞcQDþuxuyy

, 0 > ð1þ ehÞ½cQDþ uxuyy�

, 0 > cQDþ uxuyy:
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Now consider the effect of a change in
the fresh food price on food utilization
effort:

@c
@P
¼

cQu2
xy � uxuyyð1� UÞ

D

¼ �½cQDþ uxuyy�
D

and the effect of a change in the marginal
cost of food utilization on food purchases,

@Q

@h
¼
�hch½uxuyyð1� UÞ � cQu2

xy�
D

¼ �hch½cQDþ uxuyy�
D

:

The proof is complete by noting that a de-
crease in the marginal cost of food utilization
satisfies hch < 0. �

PROOF OF PROPOSITION 1. Policy shocks that
affect the marginal cost of household food
utilization affect food purchases and food uti-
lization as

@Q

@h
¼
�hch½uxuyyð1� UÞ � cQu2

xy�
D

¼

�hch½cQDþ uxuyy�
D

;

@c
@h
¼
�hch½uxuyycU=Qþ c2u2

xy�
D

¼

hchc2D

D
¼s �hch

where “¼s ” denotes “equal in sign,” and

@Y

@h
¼ chchuxuxy

D
¼s �hchuxy:

Policy shocks that affect the marginal cost
of household food utilization alter consump-
tion of fresh food as

@X

@h
¼ �chch

D
½uxuyy � 2cQu2

xy� ¼
s �hch:

Policy shocks that affect the marginal cost
of household food utilization alter total food
consumption as

@FC

@h
¼ @X

@h
þ @Y

@h

¼ �chch

D
½uxðuyy � uxyÞ � 2cQu2

xy� ¼
s �hch:

Policy shocks that affect the marginal cost
of household food utilization affect food
waste as

@FW

@h
¼ �hch

D
½uxuyyð1� c� UÞ � cQu2

xy�

¼ �hch

D
½cQDþ ð1� cÞuxuyy�: �

PROOF OF PROPOSITION 2. Policy shocks that
affect the market price of fresh food affect
food purchases and food utilization as

@Q

@P
¼ �Q

cD
½uxuyyðUþ ehÞ þ cQu2

xy� ¼

Q

cD
½cQD� uxuyyeh� < 0;

@c
@P
¼

cQu2
xy � uxuyyð1� UÞ

D
¼

�½cQDþ uxuyy�
D

and

@Y

@P
¼ Quxuxyð1þ ehÞ

D
:

Changes in the price of fresh food affect
fresh food consumption as

@X

@P
¼ c

@Q

@P
þQ

@c
@P
¼ �Qð1þ ehÞuxuyy

D
< 0

and total food consumption as

@FC

@P
¼@X

@P
þ@Y

@P
¼�Qð1þ ehÞux½uyy þ uxy�

D
< 0

where the sign holds by the restriction that 1
þ eh > 0 and uyy þ uxy < 0.

Changes in the price of fresh food affects
food waste as:
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@FW

@P
¼ ð1� cÞ @Q

@P
�Q

@c
@P

¼ Q

cD
½uxuyy

�
cð1þ ehÞ � U� eh

�
� cQu2

xy�

¼ Q

cD
½cQDþ uxuyy

�
c� ð1� cÞeh

�
�: �

Proof of Proposition 3. Changes in proc-
essed food prices affect food purchases and
food utilization as

@Q

@Py
¼ uxuxyQð1þ ehÞ

D
¼s �uxy;

@c
@Py
¼ uxuxyc

D
¼s �uxy

and

@Y

@Py
¼ u2

x½Uð2þ ehÞ � 1�
D

< 0:

The change in net consumption of fresh
food in response to a change in the price of
processed food is

@X

@Py
¼ c

@Q

@Py
þQ

@c
@Py

¼ uxuxycQð2þ ehÞ
D

¼s �uxy:

Total food consumption changes with the
price of processed food as

@FC

@Py
¼ ux

D
½ux½Uð2þ ehÞ � 1� þ uxycQð2þ ehÞ�

¼ 1

uyy
þ ux

Duyy
uxycQð2þ ehÞðuyy � uxyÞ:

Changes in processed food prices affect
food waste as

@FW

@Py
¼ uxuxyQ

D
½ð1� cÞð1þ ehÞ � c�: �
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