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Abstract

The poor diets of many consumers are often attributed tddoraccess to healthy foods. In this paper, we use
detailed data describing the healthfulness of househald furchases and the retail landscapes in which these
consumers are making these decisions to study the role eadg explaining why some people in the United
States eat more nutritious foods than others. We first corfiehhouseholds with lower income and education
purchase less healthful foods. We then measure the spatiation in the average nutritional quality of available
food products across local markets, revealing that hedtibgls are less likely to be available in low-income
neighborhoods. Though significant, the spatial differsrineaccess are small and explain only a fraction of the
variation that we observe in the nutritional content of lehd purchases. Systematic socioeconomic disparities
in household purchases persist after controlling for accesen in the same store, more educated households
purchase more healthful foods. Our results indicate thitipe aimed at improving access to healthy foods for
underserved socioeconomic groups will leave most of theadies in nutritional consumption intact.

*The materials contained in this report are strictly confid¢mnd not cleared for release. This report should not leel us quoted in any
fashion until the USDA releases it for publication.
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1 Introduction

It is well known that there are large nutritional dispastiecross different socioeconomic groups in the United
States, but little is known about why such disparities exor diets are often attributed to three factors: food
deserts restricting consumer access to healthy foodgrnerefes for unhealthy foods, and higher prices of healthy
foods. Under the assumption that differential access isaimé for nutritional disparities, the Agricultural Act of
2014 introduced $125 million to be spent annually in eacthefrtext five years to promote access to healthy foods
in underserved communities (Aussenberg, 2014). Manyssketee also introduced programs to improve access by
providing loans, grants, and tax credits to stimulate supeket development and to encourage retailers to offer
healthy foods in food deseris (CDC, 20@1).

Despite the growing popularity of such programs, little moWn about their success in narrowing nutritional
disparities. This paper measures the maximal impact oktpeticies by quantifying the role that access plays
in generating socioeconomic disparities in nutritionahgamption. We first employ novel data describing the
nutritional quality of food products available to and puaskd by U.S. households to characterize the degree of
socioeconomic disparities in access to and consumptiontafious foods. We then use a theoretical framework to
demonstrate the main challenge that we face in identifynegausal role that access plays in generating disparities
in purchases. Since households sort into neighborhoodsetaiters cater to local tastes, consumption disparities
across locations with differential access may reflect ndy time role of access but also demand-side factors.
Our theory suggests that we can separately identify thesed@-side factors by looking at the purchases of
households living in the same location. We therefore usdéailed residential and shopping location information
in our household purchase data to measure an upper bourgefayle that access plays in generating the existing
disparities. We complement this cross-sectional analyis a look at how households respond to observed
changes in their retail environment. Together, our resuttcate that improving access to retail outlets alone will
do little to close the gap in the nutritional quality of dietsross different socioeconomic groups. While equating
access would help to reduce differences in nutritional sonion across different income groups, over 90% of
the disparities across education groups would remain.

Using two novel measures of the healthfulness of househaichases, we first document significant differ-
ences in the nutritional quality of foods purchased by diff¢ socioeconomic groups across the U.S. This gener-
alizes the results of previous studies which have docundefigparities in nutritional consumption by focusing on
purchases of a few products, such as fruits or vegetabl@s specific localities (see Bitler and Haider (2011) for
a detailed survey of this worB).To obtain a more comprehensive picture of the nutritionakcanption of house-
hold purchases, we combine consumption data from Nielsémmuitritional information from Gladson and IRI
to construct a dataset describing the full nutritional peodif the grocery purchases made by over 60,000 house-
holds from 52 markets across the U.S. between 2006 and 204 taltulate two complementary household-level
indexes, an “expenditure score” and a “nutrient scoref tbpresent the healthfulness of the products purchased
relative to USDA category-level expenditure recommertetiand FDA recommendations for per calorie nutri-
ent consumption, respectiveélyAn examination of these household-level nutritional inelexeveals significant

1Between 2004 and 2010, the Pennsylvania Fresh Food Fimphitiative provided $73.2 million in loans and $12.1 nailii in grants to
stimulate supermarket development in food deserts in #te.sin 2013, North Carolina House Bill 957 began grantingctadits to retailers
who offer healthful foods in food deserts. In 2014, Marylathouse Bill 451 provided $1 million in assistance to food desthrough loans
and grants, and the New Jersey Food Access Initiative dtanteivate-public partnership to attract supermarketsttetserved areas.

2While there is a large literature in economics on the refeidp between socioeconomic status and various healthvioehae.g.,
Cutler and Lleras-Muney (2010); Jones (1997)), grocerglpases are one health behavior which has received suglyisittie attention.

30ur expenditure score is an extension of the measure udedlpg &t al.[(2013). Given the nutritional information we adwom Glad-
son and IRI, however, we can go further than looking at exjperes on food group categories. Our nutrient score diyettbasures the



disparities in the healthfulness of purchases across holdgwith different income and education levels. The

products purchased by households in the highest tercitaadome and education are 40 percent closer to both
USDA recommendations for product category expenditureeshand FDA recommendations for per calorie nu-

trient consumption than the products purchased by houdeimothe lowest terciles of income and education.

Next, we provide the most comprehensive picture of the hiditess of products available at retail locations
across the U.S. to date and quantify the degree to whicH egtaronments differ by socioeconomic status. Con-
sistent with previous studies, we find that access to he#dthys is greater in wealthier and more educated neigh-
borhoods|(Beaulac etlal. (2009); Ver Ploeg etlal. (2009).nfygieo-coded data on the location of over 200,000
retailers across the U.S., we first document that there age [isparities in the concentration of stores across
neighborhoods with different socioeconomic profiles. Wentluse weekly store-level sales data from Nielsen
to identify the products that are available at over 30,00f@igpating retailers between 2006 and 2011. Analo-
gous to the household-level analysis, we merge the Nielagnwlith nutritional information from Gladson and
IRI to calculate two complementary store-level healthégimindexes. We find small, but statistically significant,
correlations between observable market characteristidsttze store-level healthfulness indexes, with stores in
high-income and high-education neighborhoods offeringenin@althful products. Together, these results indicate
that households in high-income and high-education neidtdmms have access to a significantly larger choice set
of stores than households in other neighborhoods, withthjignore nutritious foods being offered in these stores.

While there is agreement among researchers that spatiaamaeconomic disparities in nutrition exist, the
actual effects of access to healthy foods on food purchadesavily contested (Bitler and Haider (2011)). Some
studies find no relationship between store density and ecopsan (see, for example, Pearson etial. (2005) and
Kyureghian et &l.1(2013)). Other studies that do find a pasitelationship infer the role of food environments
from a cross-sectional correlation between local storesitieimnd food purchases (Rose and RicHards (2004);
Morland et al. [(2002); Bodor et al. (2008); Sharkey etlal.1()). Determining the direction of causality in this
relationship is crucial in assessing the potential imp&pbticies that encourage the entry of new stores into food
deserts on the nutritional consumption of households isetageas. Up to this point, data limitations have led to
measurement and identification issues which have hindectsha understanding of the role that access plays in
generating nutritional dispariti&.

The detailed nature of our data allows us to go beyond egistiork in examining the direction of causality
in the relationship between nutritional availability angtritional consumption. In two complementary analyses,
we quantify the role that the spatial disparities we documsing the store-level data play in generating the
consumption disparities that we observe using the houddbeél data. As we expect disparities in consumption
that are due to differential access to exist only betweeséloolds living in different neighborhoods, we first look
at whether consumption disparities persist when we cofdrahe location of households. While the correlation
between income and the healthfulness of food purchasedused by half when we control for the household’s
census tract, the relationship between education andhifidakess is only reduced by 10%. While informative,
our “within-location” approach has its limitations. It i®gsible that households living in the same neighborhood
still have differential access, either because they liveifierent locations within the neighborhood or because of
differences in mobility (e.g., car ownership). To elimia#ite effect of access entirely, we look at purchases made

healthfulness of the relative quantities of macro-nutsen the products purchased.

4There is also no consensus on the impact of a householdiseetironment on obesity and other health problems. Armfesnd Matsa
(2011) find no effect of fast food entry on obesity, while Geiet al. (2010) find impacts on school children and pregnaoten.
Courtemanche and Carden (2011) find that Walmart entry &sese local obesity rates, though non-causal results [froem €tal. [(2010)
and Volpe et &l.1(2013) suggest that the impact of store entrigs with neighborhood characteristics and the typeasestntering.



within a given store. The results from the within-store e mirror those from the within-location analysis:
the correlation between income and the healthfulness af famchases is cut in half when we look at purchases
made within the same store, whereas the correlation betegecation and nutritional quality is only reduced
by 10%. In both the within-location and within-store analysthe majority of the disparities that we observe
between households persist when we control for access. Wiunte that disparities in access play a minimal role
in explaining observed disparities in consumption.

We present a simple model to formalize the intuition behimd empirical approach. The model nests two
mechanisms, one driven by demand and one driven by supplyyvegich can independently explain the socioeco-
nomic disparities in access to healthy foods that we obséive demand-side explanation relies on within-group
preference externalities. In a monopolistically compaitetail industry, firms will cater to the prevalent tasites
the local market. If high-socioeconomic households hawger tastes for healthy foods than low-socioeconomic
households, it follows that more healthful food productt e sold in high-socioeconomic neighborhoods. The
supply-side explanation relies on two fairly general agstions: (i) wholesale unit costs are increasing in product
healthfulness, but do not vary across location, and (iipfien-specific marginal costs of retailing are increas-
ing in the share of high-socioeconomic status residentsrierighborhood, but do not vary across products of
different levels of healthfulness. These assumptionsyinipht firms in neighborhoods with a greater share of
high-socioeconomic status residents have a comparatisangabe in the distribution of nutritious products. As a
result, they will sell more healthful food products thanre®in low-socioeconomic neighborhoods, even if high-
and low-socioeconomic status households have identisgdgaThis model serves to demonstrate that the differ-
ences that we observe in the healthfulness of purchaseshyatdgh- and low-socioeconomic status households
living in the same location act as a lower bound for the congpbf the overall socioeconomic disparities that
we observe across households living in various locatioat ¢an be explained by factors other than the retalil
environment. We therefore conclude that the differencevben the disparities we observe across locations and
the disparities that we observe within locations is an uijmemd for the component of the existing disparities in
purchases that can be explained by the retail environmeneal

Finally, we directly consider whether policies that impe@ccess to healthy food products will have any impact
on socioeconomic disparities in nutrition by looking at hoeuseholds have responded to improvements in access
in the past. Previous studies measuring the effects of @sainghe retail landscape on food purchases are local in
scope, looking at either the entry of a single supermarkehdntervention to increase the availability of nutritious
food products in a single urban food desert, and find modésttef(\Wrigley et al.[(2003); Cummins et al. (2005);
Weatherspoon et al. (2013); Song €t al. (2009); Cummins ¢2@lL4)). We demonstrate that these results hold
more generally by showing that the impact of store entry enhbalthfulness of food purchases made by local
households is limited in the 3,087 store entries that we relesémproving the retail environment in low-income
neighborhoods will only be effective in resolving socioromic disparities in nutritional consumption insofar as
the nutritional quality of purchases made by low-incomedawolds improves in response to these changes. We
find that the elasticity of the healthfulness of househotutifpurchases with respect to the density and nutritional
quality of retailers in their vicinity is positive, but cleso zero. Improving the concentration and nutritional
quality of the stores in the average low-income and low-atlan neighborhood to match those of the average high-
income and high-education neighborhood would only closeyip in consumption by 1 to 3 percent. These results
again suggest that policies aimed at improving access tthfidfoods will do little to resolve the consumption
disparities we document.



Despite a large policy literature on the topic, the relalip between access and nutritional consumption
has been largely ignored by economists. Methodologically,paper is closest to the literature in economics
which uses the entry of fast food restaurants and largeleetasuch as Walmart, to identify a causal relation-
ship between the retail environment and obesity more généCurrie et al. (2010); Anderson and Matsa (2011);
Courtemanche and Carden (2011)). Our paper departs frasa firevious studies in two important dimensions.
First, we are concerned not just with the relationship betwaccess and nutritional consumption, but rather the
interaction between access, nutritional consumption,saribeconomic status. This is important from a policy
perspective, as current policies aim to reduce dispaiitie®nsumption across socioeconomic groups. From a
methodological perspective, our focus on disparitiesradlas to use both cross-sectional and time-series variation
to consider the impact of the retail environment on dispriof health behaviors. Second, we look directly at the
mechanism, food purchases, by which we expect changes seholds’ retail environments to impact obesity,
rather than obesity itself. This is important because wdiileess may have a causal impact on obesity, it need not
work through the hypothesized mechanism, and the mechasishgreater concern from a policy perspective.

If disparities in retail access do not generate the consiemgisparities that we observe, then something else
is to blame. In the context of our model, differences in dednare generated by differences in tastes. There are,
however, a range of other explanations for consumptioradies, including differences in price sensitivities and
budget constraints. For the purposes of this paper, we arastig as to the reasons why we observe systematic
differences in the healthfulness of purchases betweeneholds either living in the same location or shopping
in the same store. In future work, we aim to determine whidhdisg are most important in explaining the large
disparities that persist when we look at households in theedacation.

The paper proceeds as follows. Secfibn 2 describes theetkathst we use. Sectidén B.1 presents the indexes
that we construct to measure the nutritional quality of letwdds’ consumption baskets and documents how these
indexes vary across households with different levels afiine and education. Sectibn13.2 shows how we measure
access to nutritious foods and documents disparities iesscacross markets with different observable character-
istics. Sectiofil4 presents a model that nests two mechatfsinsould each generate the observed disparities in
both purchases and access and demonstrates how geo-cadethdld purchase data can be used to identify the
role of access, separately from demand-side factors, iargéng purchase disparities. Secfion 5 implements this
procedure by looking at whether consumption disparitiesipewhen we control for residential or retail location.

In Sectior 6 we take an alternative, time-series approadreaamine whether we observe the healthfulness of
household purchases responding to changes in local a@as$on 7 concludes.

2 Data

We use six different datasets that together describe thigianal quality of food purchases that households make,
the stores located in the neighborhoods where these hddsakside, the nutritional quality of the products of-
fered in these stores, and the demographics of these nelgidnts. The first dataset is the Homescan data collected
by the National Consumer Panel (Nala)wd provided by Nielsen. The Homescan data contains traosdevel
purchase information for a representative panel of 114{#86eholds across the U.S. Households in the panel
use a scanner provided by NCP to record all of their purchasaswide variety of stores where food is sold.
After scanning the Universal Product Code (UPC) of each pemthased, the household records the date, store

5The National Consumer Panel is a joint venture between &ligdsd IRI.



name, quantity purchased, and pHddousehoIds participate in the NCP panel on average for taosyend eight
months, with the length of observed participation rangigrf six months to the full period of analysis (2006 to
2011). In addition to household-level purchase activhg Homescan data also provides us with information on
the location and demographics of each household in the paoeéach year that a household is in the NCP panel,
we observe the census tract in which the household residies eange of demographic characteristics. We use the
demographic data to measure two dimensions of socioecergiatis which are posited to impact a household’s
consumption decisions: income and educaBHn.

While the NCP Homescan data describes where Homescan gtargtlop and what they buy, it only provides
a limited picture of the retail environments in which houslels are making these consumption decisions. There
are two problems with using the Homescan data to charaetegtail environments: First, if no household in the
Homescan sample shops at a given store, then we do not olfisen/the data that the store exists. Second, even if
we do observe households shopping in a given store, we osireb the products that they actually purchase, not
the full variety of products offered. Because of these ktiiins, we use two additional datasets, both maintained
by Nielsen, to obtain a more detailed picture of the retaiiremments that households face. To see the full set
of stores available to households, we use the Nielsen TDHata. The TDLinx data contains the names and
geo-coded locations of nearly 200,000 food stores acre@sbiB. These stores fall into five categories: grocery,
convenience, mass merchandise, and drug. To see the faflfeetd products available at a subset of these stores,
we combine the TDLinx data with the Nielsen Scantrack (RM&padrovided by the Kilts-Nielsen Data Center
at University of Chicago Booth School of Busin@siThe RMS data contains UPC-level weekly sales values and
quantities generated from point-of-sale systems in ovegd@Dparticipating retailers across the U.S. We use this
data to calculate indexes that summarize the nutritionalitpof products offered by each store in the dat@@.

The Nielsen datasets do not contain nutritional infornratar the products purchased by Homescan panelists
or sold by Scantrack stores. We obtain this information f@ladson and IRI. The Gladson Nutrition Database
provides nutritional information for over 200,000 uniquB@s. We supplement the Gladson data with nutritional
information from the IRI database of over 700,000 UPCs. Edatabase contains information on the quantity
of macro-nutrients and vitamins per serving, serving sicevéight, and the number of servings per container.

6See Harding and Lovenheirn (2014) for a detailed descriptionow this panel of households is recruited and encouragexbrtinue
reporting purchases on a weekly basis.

"Households record whether their income falls into one of dtegories, listed in appendix TallleA.1. We limit our anilyts house-
holds that have at least one household head working over 8 lroweek and report annual earnings of over $8,000. Weraksigse-
holds an income equal to the midpoint of their income catedor each bounded category and an income of $260,000 for$860,000
and above” category. Where noted, we adjust the resultingédimld income for household size using the OECD equivalegale. The
first adult in the household receives a weight of 1 and all o#uhilts receive weights of 0.5, while each child receivesedgiat of 0.3
(http://www.oecd.org/eco/growth/OECD-Note-EquivaleBcales.pdf).

8Households record the male and/or female household hedutston in one of six categories: grade school, some higbachigh school
graduate, some college, college graduate, or post-cojjemyguate. The distributions of household heads acrose #dscation categories by
sex are recorded in appendix Tallles]A.2fand A.3. For our sisalwe exclude households in which either household hemtseonly a grade
school education, as there are too few observations toroptacise estimates. We assign each household head a nurgbarof education,
assuming that some high school is equal to 10 years, sonegedt equal to 14 years, and post-graduate is equal to 18. y&arhouseholds
with both a male and a female head, we take the mean years cdtémuacross household heads.

9Information on availability and access to this data is amsé at research.ChicagoBooth.edu/nielsen.

10Wwe assume that every product available in a store is soldlémst one customer each month.

HUpespite this detailed information on prices and productriifys, the RMS data covers a more limited range of retaletauthan the
TDLinx data and only provides us with the county, not the {m®geo-coded location, of each store. Where possible, veenaihe geo-coded
location of the stores in the RMS data by matching them to Dkifix data as follows: If there is only one observation foraeg combination
of store nhame and county in both datasets, then we assumthihat the same store. If there are multiple observationsafgiven store
name-county pair, we match the stores based on a comparisbe bouseholds that we observe shopping at both the TDLidxtlae RMS
store on the same day.


http://www.oecd.org/eco/growth/OECD-Note-EquivalenceScales.pdf

Gladson and IRI collect this information directly from prod Iabel@’ We merge the Gladson and IRI data
with the Nielsen Homescan and RMS data to obtain the nutatiprofile of products we observe being purchased
by households and sold in sto@sln Sections 3.1 and 3.2, we describe how we use this infooma&ti measure
the healthfulness of households’ grocery purchases ankekhfulness of products available at the store-level,
respectively.

The final dataset that we use contains tract-level demograjfitom the 2000 U.S. Cens@.We use this
information to measure the distribution of income and etlanan the neighborhoods in which Nielsen households
and stores are located.

3 Stylized Facts

3.1 Disparities in Nutritional Consumption

We begin by documenting the extent of the disparities initioral consumption across household types. We focus
on thequality rather than the quantity of food a household purchases $ireckatter is affected by the extent to
which a family eats at restaurants, and a propensity fongaiit is likely related to household characteristics. We
measure the quality of a household’s purchases using twpleonentary indexes. We calculate these indexes at a
monthly frequency for each household in the sample. Theifidex measures the extent to which a household’s
grocery purchases deviate from the USDA Center for NutriBolicy and Promotion (CNPP)’s dietary guidelines
for recommended expenditure shares by USDA food categtiig.iidex follows the measure used in Volpe et al.
(2013). We will refer to this as the “expenditure score.”vé&i the nutritional information we have from Gladson
and IRI, however, we can go further than looking at expemédgwn food group categories. We therefore also
calculate a “nutrient score” that directly measures thdthizdness of the relative quantities of macro-nutrients
in the products purchased. The nutrient score measurestiat €0 which a household’s purchases deviate from
the FDA's recommendations for nutrients per calorie. Baoitheixes are based on inverse squared loss functions
that penalize households with purchases above (belowgttmmrmended amounts in unhealthful (healthful) food
categories or nutrients.

The expenditure score for the grocery purchases recordadimsehold: in montht is defined as

12 The Gladson sample is based on the labels of products ivescibm a variety of sources, including major retailersdfdistributors, and
food manufacturers. Gladson also maintains a “remote pastation” at a Safeway in California, where it records itiotral information for
all of the products sold in the store. IRI purchases pre-gtarkages from manufacturers and retailers and also canfietd-based imaging.

13product characteristics can change without a change inrtduipt's UPC. When Gladson receives an updated versioregirtduct that
was already in the database, it updates the database,imgladime stamp of when the product was added or updated. ¥ea usrsion of
the database that includes a snapshot of the market as Mthiyach year. We assume that these product characseesticelevant for that
calendar year.

14These merges are not perfect. Only 45% of the UPCs in the Hmmegata and 57% of the UPCs in the RMS data are in the Gladson
or IRI nutrition data. We impute nutritional informationrfproducts not in the Gladson or IRI data using the averag&REs in the same
product module and product group, with the same values Fatlaér relevant characteristics, such as brand, flavam féormula, style, and
type.

15The Nielsen data identifies household locations using 2@@0 definitions.
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wherec indexes CNPP food categories,.;,; denotes the percent of househald observed grocery expenditures
in montht on products in category, and shS VP is the category: expenditure share, also in percent units,
that the CNPP recommends for a household with the same gagdegrofile as househo!‘ We determine
which CNPP food categories are healthful and unhealthiulguthe recommendations from the Quarterly Food-
at-Home Price Database (QFAHPD) indicators for which of &&dfgroups are healthful and unhealtljalﬂ'he
expenditure score penalizes households for spendingHaesheir recommended expenditure share on healthful
food categories{ € Cheaitn i) and for spending more than their recommended expenditiane ®n unhealthful
categoriesd € Cunheaitnsur). We followlVolpe et al.|(2013) and take the inverse of theasgd loss function so
that higher scores are indicative of healthfulr&s

The nutrient score for the grocery purchases recorded bgdimidh in montht is defined as
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wherej indexes a specific nutrientutr;,, denotes the amount of nutriehper calorie contained in househals
observed purchases in morittandnutr} 4 is the amount of nutrient that the FDA recommends an individual
consume per calorie as part of a 2,000 calorle@iéﬂhe FDA indicates whether to consider its recommendation fo
a given nutrient as a lower bound or an upper bound. We adsignuitrients for which the FDA recommendation
is an upper bound to the unhealthful category. These nisrame fat, saturated fat, sodium, and cholesterol. The
FDA recommendation is considered a lower bound for fiben,ioalcium, and vitamins A and C, and we allocate
these nutrients to the healthful categ@yThe resulting nutrient score penalizes households forhagiag less

18We use the recommended individual expenditure share frentlitreral food plan” to construct the household recommendepen-

diture share. We assign weights to each household membewiing the OECD equivalence scale and calculate the fooctredifure
14+(nggqyqe—1)%0.5

We|ght5 ASWadult = 1+("adult71)2%‘?gr"childrenXO'?’ and Wehild = 1+(nadult71)Xg"g+nchild7“enXO'?" The recommended cate-
gory c expenditure share for househdlds a weighted average of the recommended categerpenditure share of each household member,
shthPP = >, wirecshare;., wherei is a household member whose age and gender determine higut @w;). The recommended
categoryc expenditure shareecshare;., is taken from_Carlson et ial. (2007).

1"We aggregate the 52 QFAHPD food groups to the 24 CNPP foodarégs using the correspondence created by Volpe and O@@h8).
In doing so, we find that two CNPP food categories (cheese agat)montain both healthful and unhealthful food groupsic8ithe vast
majority of cheese and meat purchases are of UPCs that talthie unhealthful QFAHPD food groups, we assume that theegate CNPP
cheese and meat categories are unhealthful. All of ourteear# robust to assuming that these food groups are hdalthfu

18We drop expenditure scores that are more than twice thendistaetween the 90th and 50th percentiles (nearly 5% of hoigenonth
scores).

9These recommendations come from the FDAs instructions fbow to make wuse of nutritonal labels
(http://'www.fda.gov/Food/IngredientsPackagingLangiLabelingNutrition/ucm274593.him, last accessed on Be2014).

20Some of these nutrients are identified as “nutrients of aoride the USDA's Nutritional Guidelines for Americans, bothers are not. We
use all of the available recommended nutrients, whethgrdhe nutrients of concern of not, as our goal is to assessvralbhealthfulness



http://www.fda.gov/Food/IngredientsPackagingLabeling/LabelingNutrition/ucm274593.htm

(more) than the recommended amount of healthful (unhed)théitrients per calorie. We normalize the deviation
of a households’ nutrient purchases from the FDA's recontdatans to account for differences in the units in
which nutrients are measurgd.

The two scores consider the healthfulness of consumer psiestHrom two complementary perspectives. Each
has their benefits and weaknesses. The expenditure scéosedyaelated to consumer demand, since consumers
choose foods rather than nutrients. Furthermore, the peeshof food groups, such as fruits and vegetables, are
used by many other studies, and thus the expenditure scoreresscomparable to previous research. Finally, the
expenditure score takes into account other micronutrisotsh as zinc and potassium, which are not displayed on
the nutritional facts panel and are therefore excluded flrmmutrient score. The nutrient index, on the other hand,
distinguishes between products inside a food categayyregular versus low-fat cheese, that will be missed by the
expenditure score. The nutrient score is also not sengitsystematic variations in the price of foods purchased by
different socioeconomic groups. If, for example, poor aod consumers purchase identical quantities of cheese,
but rich consumers purchase more expensive varieties fthemgual expenditures rich and poor consumers will
have different expenditure scores. The nutrient scorehemther hand, will reflect that both groups have similar
diets.

Table[1 shows the correlations of the expenditure and mitsieores with log household income and years of
education, conditional on other demograpltttdVe see that wealthier and more educated households purchase
more healthful foods, measured using either the expemdidurthe nutrient score. Although both effects are
statistically significant, the standardized coefficiersarted in columns (4) and (8) reveal that education explain
more of the variation in the quality of household purchakas income. Nutritional disparities across households
with different levels of education but the same level of imeoare approximately 50% larger than the disparities
across income levels controlling for education. One cantisgraphically in Figurgll, which depicts the average
log expenditure and nutrient scores by income and eductdioile. For both measure, the average score varies
more across education groups than across income groups.

of individual diets rather than larger public health comser The nutrient index highlights the choices that consemeade relative to the
information and recommendations available to them at the ©f purchase. lItis likely that the included nutrients,hsaes vitamins A and
C (both listed as “nutrients of concern” in 2005 but droppe@010 in response to increased consumption), are cowmleldth “nutrients of
concern” for which we do not have information, such as patass

21As with the expenditure scores, we drop nutrient scoresatieanore than twice the distance between the 90th and SGthries (nearly
5% of household-month scores).

22\l regressions include household size dummies, average bhousehold age, a dummy for marital status of housetezds) dummies
for households with either a female or male household heddpany for the presence of children, and dummies for whethehbusehold
reports being white, black, Asian, or Hispanic. See Tab®iAthe appendix for the full regression results.



Table 1: Consumer Characteristics and Nutritional Qualftfurchases

Dep. Var.: Ln(Expenditure Score) Dep. Var.: Ln(Nutrienb&%)
1) ) ©) (4) (5) (6) @) (8)
Ln(Income) 0.0424** 0.0241**  0.0426**  0.146** 0.0893**  0.0636**
(0.0013) (0.0014) (0.0024) (0.0028) (0.0030) (0.0021)
Ln(Education) 0.247* 0.203**  0.0743** 0.798**  0.635**  0.0939**
(0.0060) (0.0065) (0.0024) (0.013) (0.014) (0.0021)
Observations 3440297 3440297 3440297 3440297 3440297 28440 3440297 3440297
R? 0.061 0.064 0.066 0.066 0.022 0.026 0.029 0.029
Std Coef No No No Yes No No No Yes

Standard errors in parentheses

*p < 0.05,** p <0.01, ** p < 0.001
Notes: Observations are at the household-month leveld&tdrerrors are clustered by household. All regressiorgdecyear-month fixed effects and controls

for household demographics, including household size diesiraverage head of household age, a dummy for maritassthhousehold heads, dummies for
households with either a female or male household head, angfor the presence of children, and dummies for whether theséhold reports being white,

black, Asian, or Hispanic.

Figure 1: Expenditure and Nutrient Scores Across Household

Expenditure Score Nutrient Score
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High Educ. Low Educ. High Educ. Low Educ. High Educ. Low Educ. High Educ. Low Educ.
High Inc. Low Inc. High Inc. Low Inc.

Notes: The figure above presents mean household expenditdneutrient scores across households with different sooimomic statuses. Households are
considered high income if their size-adjusted househaldrite falls above the median level across all householdsoanthtome otherwise. Households are
considered high education if the average years of educttticheir household head(s) falls above the median acrbssaseholds and low education otherwise.

These results are for January 2010; they are representétifre other months in the Homescan data.

3.2 Disparities in Access

We now turn to documenting the disparities in the availabitif healthy foods across locations. We start by
looking at simple concentration indexes that reflect theiapdistribution of retail food stores surrounding the
census tracts where households in our dataset reside. Thertoation indexes are kernel densities based on store
location from the TDLinx data. Lei,; denote the distance between ste@nd the centroid of census trdcand

let S; denote the universe of stores in our sample. We calculateaheentration kernel density for census triact

in timet as a Gaussian kernel with a bandwidth of 2(@11:

5 (%)
Concentration Indexy; = Z e 2\ 1

7 V2T

s=

230ur results are robust to the choice of bandwidth and kepesification.



Figure[2 shows how store concentration indexes for 2010 withycensus tract demographics from the U.S.
Censu@ We see that there is spatial correlation between incomeatidm, and the concentration index: wealth-
ier and more educated census tracts have a higher coné@mobstores in their vicinity.

Figure 2: Store Concentration Indexes Across Tracts

© 4

4
1

Log Concentration Index

2
L

High Educ. Low Educ. High Educ. Low Educ.
High Inc. Low Inc.
Notes: The figure above presents mean concentration indexess tracts with different socioeconomic statuses.t3 e considered high income if their mean
household income falls above the median level across alist@nd low income otherwise. Tracts are considered highatidun if their share of college educated

residents falls above the median across all tracts and ¢hweagion otherwise. These results are for 2010; they areseptative of the other years in the TDLinx
sample.

While kernel densities of the number of stores allow us tay@ra store concentrations, this measure ignores
the fact that all stores are not equal. Importantly, stoifferdn the products they sell. To account for spatial
disparities in nutritional availability across marketss wse the RMS data to compute healthfulness indexes for
each of the stores in the RMS panel that we are able to matdeétidon information in the TDLinx data.

To summarize the nutritional content of the products sold igiven store in a given month, we use store-
level variants of the expenditure and nutrient scores defim&ectiori 311 for households. The indexes reflect the
category-level expenditure shares and per calorie nugribat a representative household would purchase in store
s in montht. The household is nationally representative in that theghmse all of the products sold in a store
during a month using proportions derived from the natioa#ds of those products in that month. IL&tdenote
the universe of UPCs sold nationally in morthS; the set of stores in the sample in monttandv,,; the total
sales of UPG: in stores in montht. The expenditure score for stogén montht can be written as

. 2
Expenditure Scores = E (Shcst - shfﬁNPP) |shest < ShSENPP
c€Chealth ful
-1

2
+ Z (shcst — shCC;lNPP) [shest > shcc,—lNPP

Cecunhealthful

wherec again indexes the CNPP food categorigs.,; is the representative household’s predicted percent expen

24The patterns are qualitatively similar for years from 200@011.
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ditures on category in stores in montht, calculated as

Vut
Shcst = §

(Y
WEU s ZuGUst ut

Here,U.; is the set of CNPP-categoryUPCs with positive sales in stosgin montht, Ug; = {U|vyst > 0} is

the set of UPCs with positive sales in staren montht, andv,; = > vyst IS the total value of sales of UPC

SES;
u across all stores; in the national RMS sample in mont@ We look at the distance from this representative
household’s category expenditure share from the CNPP@etEended categoryexpenditure share for a “typi-
cal” household, consisting of a male of age 19-50, a femakegef19-50, one child of age 6-8, and one child of
age 9-11. We denote this modal household recommended expershare in categonyaSShCC,—LNPP

Similarly, the nutrient score for storgein montht can be written as

2

) nutrjs — nutrfDA FDA
Nutrient Scoregs = E |nutr ist < nutr;
nutrfPA ’ J
J€Jhealthful J
9 -1
nutrjse — nutrfDA FDA
+ E Y |nutrjs > nutr;
) nutr? 7
JeJunhealth,ful J

Here,nutrfDA is the FDA's recommendation for the per calorie consumptiomutrient; andnutr;,, is the per
calorie amount of nutrient that we expect to be purchased by a representative housiahstiore s in montht,

calculated as .
Zué Ust Uut ngi

nutris =
Ve
ZueUSt VyrCaly

wheren? is the amount of nutrientin UPCu andcal,, denotes the quantity of calories in UR@

In Figure[3, we see that the extent of the variation in theitiorial quality of available products across stores
depends on which measure of food quality we are using. Tkeabriost no variation in the average expenditure
scores of stores across neighborhoods with different sooimomic characteristi@.There is more variation in
nutrient scores, but it is still limited compared to the dagof variation that we observed across households with
different socioeconomic characteristics. Still, we sex gtores in high-income neighborhoods stock foods with
higher nutrient scores than stores in low-income neighmal. Store nutrient scores are lowest in neighborhoods
with low income and low educati@.

25Note that neither of the store-level indexes defined abosenyg information on the quantity of sales of products in gestoonth. We use
national weights, rather than store-sales weights, inrdodeapture the relative importance of products to a nalipmepresentative consumer
rather than a store-specific representative consumerxésdeased on store-sales weights will be biased towardsasestof the customers
visiting that store and, therefore, are going to be mecladipicorrelated with the demographics of the local commuaibund a store. Using
national weights, we are able to control for the relative amt@nce of UPCs to the typical consumer, without introdgdimis local bias.

26\e drop store expenditure scores that are more than twiakistamce between the 90th and 50th percentiles (less théfdf.store-month
scores).

27As with the expenditure scores, we drop store nutrient scibrat are more than twice the distance between the 90th ahg8ftentiles
(approximately 5% of store-month scores).

28The lack of differences in the average expenditure scomsacstores in different neighborhoods does not imply thaeesiture scores
do not vary across stores at all. The differences in expared&cores are actually quite pronounced when we look astoss type instead
of store location. Nielsen categorizes each store in the R&S into one of four channels: food, convenience, drug, assmmerchandise.
Looking to Figurd ALl in the appendix, we see that food stbee& higher expenditure scores than convenience storesxdmple.

2%We see similar results at the neighborhood level. We cateldernel densities of the healthfulness and nutrient saufréthe stores around
each census tract centroid and find very little variatiorhiméxpenditure scores and only a small amount of variatidhemutrient scores of
stores in the vicinity of high- and low-socioeconomic statensus tracts.
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Figure 3: Expenditure and Nutrient Scores Across Storeaild@ve Products

Expenditure Score Nutrient Score
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Store Score
Store Score

o

High Educ. Low Educ. High Educ. Low Educ. High Educ. Low Educ. High Educ. Low Educ.
High Inc. Low Inc. High Inc. Low Inc.

Notes: The figure above presents mean store expenditureuniehih scores across tracts with different socioeconataitses. Tracts are considered high-income

if their mean household income falls above the median levess all tracts and low income otherwise. Tracts are censitlhigh-education if their share of

college-educated residents falls above the median aclidsacas and low-education otherwise. These results arddauary 2010; they are representative of the
other months in the Kilts sample.

We formalize these results by regressing the store-levetion availability indexes on store-specific, market-
level variables in Tablgl2. In Figurés 2 dnd 3, we define neagitiod socioeconomic characteristics at the tract
level. Here, we treat space continously, looking at how th@aeconomic statuses of residents in the general
vicinity of a store covaries with the nutritional quality tife products available in that store. We measure the
average socioeconomic status in the vicinity of a store hthkernel densities of median income and college-
educated share of the tracts surrounding a store, using ss@@awkernel with a bandwidth of ZO@Letting L
denote the set of census tragisthe socioeconomic characteristic in census tfact2010, andi,; the distance
(in km) between store and the centroid of census trdcthe relevant socioeconomic kernel density around store

sis given by>" prwa /" wa wherew, = #eié (5 )2.

In the first and fourth columns of Tallé 2, we regress the Iqeeeriture and nutrient scores for each store in
each month on kernel densities of household income and 8daocd he results confirm what we saw in the bar
charts: the nutrient scores of stores are correlated wétstitioeconomic status of local residents, whereas the
expenditure scores are not. Stores in wealthier and momagehlineighborhoods tend to offer a range of products
whose macro-nutrient content, on the whole, better acoweitisthe FDA recommendations. In the subsequent
columns, we control for DMA (a Nielsen market definition afndiar geographic scope to a Metropolitan Statis-
tical Area), store chain, and chain interacted with DMA eheistingly, the differences in nutrient scores across
neighborhoods with different college-educated sharesistdsoth when we look within local markets and within
chains in these markets. Chains appear to be changing tleeiugt offerings across stores even within the same
DMA.

300ur results are robust to using bandwidths of 5km, 10km, @kdd
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Table 2: Neighborhood Characteristics and Nutritional i@uaf Product Offerings
Dep Var: Ln(Exp Score, Natl. Wgts)  Dep Var: Ln(Nutr ScorefIN&/gts )
1) 2 ) (4) (5) (6)

Median Household Income Dens 0.0171 0161 -0.00523 0.0874* 0.184** 0.0239**
(0.0093) (0.024) (0.012) (0.0083) (0.019) (0.0060)

College-educated Share Dens 0.00603 0.00435 0%0539 0.0320**  -0.046T*  0.0319**
(0.011) (0.018) (0.011) (0.0084) (0.014) (0.0052)
R? 0.092 0.200 0.707 0.152 0.203 0.803
FEs None DMA DMAXCh None DMA DMAXCh
Obs 1239023 1239023 1239023 1239021 1239021 1239021

Notes: Observations are at the store-month level and akssgns include year-month fixed effects. Standard eamerslustered by store. All variables are
standardized. DMA refers to designated market area and DBMS the intersection of DMA and store chain.

We demonstrated that stores surrounded by high-socioetiorstatus neighborhoods tend to offer products
that are at least as healthy, if not healthier, than thosiésdl@ in low-socioeconomic status neighborhoods. Recall
that the store healthfulness and nutrient scores we usddsrahalysis employed national sales weights and,
therefore, reflect the scores that would be achieved by aucosispurchasing all of the products that were ever
sold in the store in a given month, allocating their expamdior calories between products in the same proportion
as we observe these products being sold in the national Ri@lsan the same month. It is worthwhile noting
that we observe much larger disparities in scores baseshithgtn the expenditure and calorie allocations that we
observe in the sales of each store. Fidure 4 compares tleeatiffes that we observe in the healthfulness of the
products available to the differences that we observe iméadthfulness of the typical bundle of products actually
purchased across neighborhoods with different socioenancompositions.

Figure 4: Expenditure and Nutrient Scores Across Storeail#@ble versus Sold

Expenditure Score Nutrient Score
Available Sold Available Sold
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High Edud.ow Educ. High Edud.ow Educ. High Edud.ow Educ. High Edud.ow Educ. High Edud.ow Educ. High Edud.ow Educ. High Edud.ow Educ. High Edud.ow Educ.
High Inc. Low Inc. High Inc. Low Inc. High Inc. Low Inc. High Inc. Low Inc.

Notes: The figure above presents mean store expenditureusnehn scores across tracts with different socioeconataittises. Tracts are considered high income
if their mean household income falls above the median lesess all tracts and low income otherwise. Tracts are censitlhigh education if their share of
college-educated residents falls above the median aclidsacts and low education otherwise. In each subfiguredegfiure score/nutrient score), the plot on
the left ("available") replicates the availability indexpresented in Figufd 3 above, while the plots on the rigliq"} reflect the sales-weighted scores that are
calculated based on both the types and proportions of ptedotd in stores. These results are for January 2010; tleeyepresentative of the other months in the
Kilts sample.

The relative magnitudes of the differences in the healttg@ss$ of products sold and available in stores across
socioeconomially diverse neighborhoods indicate that itnlikely that differences in product availability drive
the observed differences in sales. We confirm this in Tabl&&revwe see that stores in higher income and more
educated neighborhoods tend to sell more healthful buradlpsoducts, even controlling for the availability of
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products. In fact, adding the availability control has astnpo impact on the correlation between store sales-
weighted expenditure scores and neighborhood charaatsrig his is not surprising given the small amount of
variation we observe in the national sales-weighted (alsdity) expenditure scores in Figure 3 and Tdlle 2 above.
In general, these results suggest that nutritional dipaih the products sold across stores cannot be explained
by any constraint imposed by differences in the availgbditthe nutritious food products. This does not imply
that access, more broadly defined, cannot explain the éifters in product sales. Stores with identical expenditure
or nutrient scores for the products offered may provideedét levels of access to nutritious foods because one
store offers lower quality versions of these products ahéigrices. The manner in which healthful products are
presented, including their shelf space and departmentloleas, may also make these products relatively less
attractive in certain stores. Our analysis below will cohfor all differences in access across stores in order to
obtain an upper bound on the role that these factors playplraiing socioeconomic differences in household

purchases.
Table 3: Neighborhood Characteristics and Nutritional ipuiaf Store Sales
Dep Var: Ln(Exp. Score, Store Weights)  Dep Var: Ln(Nutr $c@tore Weights)
&) @ ©) 4)
Median Household Income Dens  0.¥15 0.104** 0.108** 0.0317**
(0.011) (0.0080) (0.0096) (0.0044)
College-educated Share Dens -0.112 -0.116** -0.0198 -0.0478**
(0.011) (0.0081) (0.0100) (0.0046)
Ln(Relevant Score, Natl. Wgts ) 0.643 0.876**
(0.020) (0.0032)
R? 0.024 0.359 0.044 0.650
Obs 1239023 1239023 1239022 1239021

Notes: Observations are at the store-month level and akssgns include year-month fixed effects. Standard earerslustered by store. All variables are
standardized. In columns (1) and (2), relevant score isreipge score; in columns (3) and (4), relevant score referaitrient score.

4 Theoretical Framework

We have demonstrated both that there are large socioecomtigparities in the nutritional content of household
grocery purchases and that there are spatial disparitidgeiconcentration and offerings of retail outlets. The
direction of causality here is undetermined. It is plawsitblat the disparities in nutritional consumption are due
entirely to the fact that lower income and less educateddtmlds have access to different products than higher
income and more educated households (that is, any systevaation in the content of grocery purchases would
disappear if all households lived in the same location)s Hlgo plausible that these spatial disparities are due to
households sorting into locations where they have accefwetéood products they prefer to purchase or, more
likely, that households sort by income and education intations based on factors unrelated to their taste for
grocery products (e.g., housing prices, proximity to emplent opportunities) and spatial disparities in product
availability arise because stores are catering to locakaheinin reality, there are likely feedback effects between
household demand and access.

We now introduce a simple theoretical framework in whicteldastes and retail costs both influence the spatial
distribution of retail food products. We use this framewtirknotivate the empirical approach we take to identify
the causal link between access and the nutritional qudlityposehold purchases in Sectidn 5.
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The model describes an economy with many locations poplilatan equal number of immobile households.
Households can be of either high or low socioeconomic statiik locations differing in the proportion of their
population from each socioeconomic group. Two types of $pdubalthful and unhealthful, are freely traded
between locations on a wholesale market. Healthful fookis taore labor to produce than unhealthful foods,
so they sell at a higher wholesale price. Retailers in eachtilon pay a fixed cost to purchase the technology
to produce a differentiated food product from the relevapti. Only healthful (unhealthful) food inputs can be
converted into healthful (unhealthful) food products. Pheduction of a single unit of a differentiated food product
requires a single unit of the relevant freely-traded ingus @ single unit of shelf space. For simplicity, we assume
that households are immobile and can only shop in retaiestor their Iocatio% Retail is monopolistically
competitive, so the number of healthful and unhealthfutifpooducts a store stocks will depend on the demand
for each type of product in the retailer’s location.

We demonstrate two mechanisms through which a correlattweden the spatial distribution of healthful
foods and the spatial distribution of socioeconomic class emerge. First, we allow for high-socioeconomic
individuals to have a stronger taste for healthful food picid than low-socioeconomic individu@Assuming
that there are fixed costs in the distribution of differetetiafood products, these heterogeneous tastes and the
spatial sorting of households by demographic class willlteés firms in high-socioeconomic neighborhoods
offering more healthful food products than firms in low-smonomic neighborhoods. The second mechanism
works through supply, rather than demand. The assumptatrhsalthful foods sell at a higher wholesale price
than unhealthful food products, along with the assumed fekedf-space requirement, implies a complementarity
between the healthfulness of the food products a retailes ard the rental cost of shelf space in the market
where they are located. If we further assume that retaibrarg increasing in the high-socioeconomic share of the
neighborhood population, firms in high-socioeconomic shacations will have a comparative advantage in the
production of high-quality goods.

The theory delivers two key results. First, it confirms tha# socioeconomic disparities in the availability
and purchases of healthful food products are overdetedniBach mechanism alone is sufficient to generate the
socioeconomic disparities in the healthfulness of foodpases across households and in the healthfulness of food
availability across neighborhoods documented in Setlidde®ond, the theory identifies an important distinction
between the two mechanisms. Conditional on householditotahe correlation between the healthfulness of
household food purchases and socioeconomic status is tklg spdifferences in tastes across households. If
the spatial disparities in nutritional consumption arereht due to preference externalities, the model predicts
that the socioeconomic disparities in nutritional constiampwithin a location should be as large as they are
between locations. If the estimated disparities withirat@mns are smaller than those across locations, then the
difference between the two can be interpreted as an upperdbfou the role that access, as opposed to tastes,
plays in explaining the socioeconomic disparities in tigtnal consumption across households. That is, if retail
environments were equalized across locations, we couldxp#ct the resulting nutritional gap between high- and
low-socioeconomic households to be any less than the dstihaisparity between high- and low-socioeconomic

31This assumption is innocuous for the purpose of distingogsthe role access plays in determining household’s gygqmerchases. House-
hold mobility would be relevant in considering countertas, however, since households may migrate across lasaticesponse to changes
in economic activity.

32To keep the model tractable, we abstract from other reasdrysheuseholds of different socioeconomic characterigtigsthe same
choice set might purchase different products. For exampeassume that all households have the spending abilitynamd importantly, can
purchase products in continuous quantities. In doing sojuleeout the possibility that low-socioeconomic statusdeholds may purchase
fewer healthful food products because they are, in gergvallable only in discrete quantities at high prices anerefore, do not fit within a
more constrained budget. To the extent that these factoesgge differences in demand across socioeconomic graapgyfthe same choice
set, they could be considered complementary to the heteeogs taste mechanism that we use here.
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households who currently live in the same retail environinen
The rest of this section provides the details of the modek fEader who is satisfied with the intuition alone
may proceed directly to Sectigh 5.

4.1 Set-up

There areM locations indexed by. Each locationl has a population of siz& composed of heterogeneous
individuals whose socioeconomic status, indexed pgan take one of two values, lovi.) or high (H). We rank
locations by their share of high-socioeconomic status éleolsis, with highef locations having larger shares of
high-socioeconomic status households. We assume thahéne of high-socioeconomic status households in a
neighborhood is exogenously determined.

4.1.1 Demand

Consider a representative consumer for socioeconomigsstatFor simplicity, we assume that the consumer is
immobile and can only shop at retail stores in his locatiohe preferences of the representative consumer are
given by a nested-CES utility function over a continuum afagry varieties indexed by. The nests are defined
by the healthfulness of the produgt denoted byy(u) € Q. Let U, denote the set of products of the same
healthfulness. A consumer of stattisn location! will select their grocery purchases(u), to maximize utility
over the products available in locatiénU;, subject to a budget constraint. The budget constraintfiaatk by
local grocery pricesp(u, 1), and the per-capita grocery expenditdre which we normalize to one. That is,

maXXhz/ an(q) /
z(u) qeQ uelU

wherep, € (0,1) reflects the degree of perceived horizontal differentralietween varieties of different health-

Pa
Pw

x(u)“’du) subject to Z plu,Dz(u) <Y =

q uelU;

fulnesses ang,, € (0,1) reflects the degree of perceived horizontal differenttatietween varieties of the
same healthfulness. where we assume phat- p,,. The elasticity of substitution between varieties of diffe
ent healthfulnesses and between varieties of the saméhaadiss can be expressedas= 1/(1 — p,) and
ow = 1/(1 — pw), respectively. We assume that varieties are also diffexient vertically by their degree of
healthfulness, so the amount of utility a consumer with@@obnomic statuk gets from a unit of consumption of
a given variety is scaled up (or down) by their taste for lgalbess, denoted by, (¢(w))>0.

The demand of a statdsconsumer in markétcan be characterized by their expenditure share on praduct

(u, 1) = (P(u,l)>‘”w (M)‘”a

P(qal) Ph(l)

whereP (g, I) denotes the price index for products of healthfulngsegailable in market (U, ; = U,NU;), defined
as
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and P, (1) denotes the aggregate taste-adjusted price index thairmens of typée: face in market, defined as

no=[ [, (Za0) ]

A household:’s total expenditure on all varieties of qualiyis given by

~ (Plg.D)/an(g)\ "
l'h(qal) - < Ph(l)h )

The relative expenditure of high-socioeconomic househtadow-socioeconomic households on products of the
same healthfulness in the same location can be expressed as

Orn(e,0)/xe(a:D) _ <ozH(Q)>U“ (PH(Z)>U“ (Oé}z(Q) O/L(Q))

dq ar(q) Pr(l) anlq) ol

High-socioeconomic households will spend relatively ntbes low-socioeconomic households on healthful prod-

ucts whenzﬁggg > aiggg for all ¢. We assume that this inequality holds in all cases wheregastry with

socioeconomic statufs.

4.1.2 Supply

In order to distributer units of a food product of healthfulnegsto a neighborhood with a; share of high-
socioeconomic residents, we assume that a firm must incued éastf; a per unit wholesale cost that can vary
with product healthfulness;(q); and a per unit shelf-space cost that can vary with the sHuiglo-socioeconomic
residentss(;). To reflect higher rents in higher-socioeconomic neighbods, we assume that shelf-space costs
are increasing in the share of high-socioeconomic statisitfuals living in the location. We denote the total
marginal cost of retail by(q, 1) = w(q) + s(\;). We assume that there are no economies of scope, so eaérretai
sells only one variety in any one locatibnTaking the behavior of competitors as given, the optimizlgocharged

by a firm producing variety. of healthfulnesg in location! is the price that maximizes profits. That is, the firm
solves the following problem

max 7(u, 1) = (p(w,1) = e(g, D)) #(w, 1) =

wherez(u, !) denotes the demand for varietyin locationl, with
x(u,l) = Mg (u, 1) + (1 — N)ap(u,l)

where we have normalized the population in each locatiom&Feor all varieties of quality ¢ sold in locatior,
the optimal pricing strategy is a proportional mark-up avearginal cost:

c(q,1)
Puw

p(”? l) =

33To keep the model tractable, we abstract from other reasdrysheuseholds of different socioeconomic characteridtiesthe same
choice set might purchase different products. For examyBeassume that all households have the spending abilityname importantly, can
purchase products in continuous quantities. In doing sosubeeout the possibility that low-socioeconomic statusdeholds may purchase
fewer healthful food products because they are, in gergvallable only in discrete quantities at high prices anerefore, do not fit within a
more constrained budget. To the extent that these factoesgge differences in demand across socioeconomic gragpgyfthe same choice
set, they could be considered complementary to the heteeogs taste mechanism that we use here.
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We can use this optimal price to rewrite the price index faaliqy ¢ in location! as

P(g.]) = (N(q.1)) = (%) 1)

whereN (q, ) is the number of varieties of healthfulnegdistributed to locatior. The price index for household
typeh in locationl is

1-0,] Toa e Tea
o[ G) T L ()

Therefore, the quantity of sales of any firm selling a varadtiiealthfulnesg in location! is given by

2 l) = (Nig )T (%) " @n@Pa ) + (1= 2) (@) @)

4.1.3 Equilibrium

We assume that there is free entry into retailing, so actiwesfiearn zero profits. This implies that the scale of firm
sales in any given market is given by

(Uw - 1) (3

4.2 Comparative Statics
4.2.1 Equilibrium Pattern of Product Availability and Cons umption Across Locations

Taken together, the zero profit condition (Equatidn (3)¢, élggregate demand condition (Equatiagn (2)), and the
healthfulness-location-specific price index (Equatld), (implicitly defines the number of varieties of healthful-
ness; in each locatiori as a function of the fixed and marginal costs of producing @aciety, the local share of
households in each socioeconomic class, and the model ptaEn

l—ow

N(g,l) = T(c(q,D)" N (an(@)Pu()™ + (1= N) (ar(q)PL (D) 7] 7=+ (4)
Cost Demand

—1

wherel" = {f(aw -1) (”U—*l)ga} e > 0andK = %ﬁlw) < 0. Given the distribution of socioe-
conomic classes across locations and the retail technolbgypattern of product availability is determined by
two forces, each reflected by an individual term in the aboyeession for product availability. The first, labeled
Cost, reflects the role that costs play in determining the healligfss distribution in different locations. The sec-
ond, labeledDemand, reflects the role played by differences in tastes acrosseomnomic groups combined
with differences in the share of socioeconomic classesdh Egcation’s population.

We now demonstrate that each of these mechanisms coulddudlly explain the qualitative patterns that
we observe in product availability across neighborhoodsmurchases across households. We are interested in
showing that the number of healthful, relative to unhealthfarieties available in a location is increasing in the
share of high-socioeconomic households in the locati@n that f;’((g;fl)) > fy((g;fl,,))
weakly supermodular in quality and household socioeconataitus, high-socioeconomic status households will

for A > X). If tastes are
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spend at least as much on high-quality food products as tmiesconomic status households in the same location.
Therefore, if the healthfulness of available products aréasing in the share of high-socioeconomic households in
a neighborhood, it follows that high-socioeconomic howsghwill spend more on healthful food products. Even
if high-socioeconomic and low-socioeconomic househotdsethe same tastes, all households will spend more
on healthful foods in locations where more of these are alhil Since high-socioeconomic status households are,
by definition, disproportionately located in high-socioromic status locations, on average high-socioeconomic
households will spend more on healthful food products.

We start by turning both mechanisms off. That is, we assummdktes are identicalacross consumerse.,
am(q) = ar(q) = a(q) for all ¢, and thawholesale costs are equalcross products of different healthfulnesses,
i.e.w(q) = wforall q. If wholesale costs are equal across products, then théhhdakss of the varieties available
in each location will be determined by the taste shifter):

N(g.l) = T(c()" (alq)P(1)" ™" (5)

Since tastes are assumed to be identical across consuheedistribution of healthfulness of available varieties
will be identical across locations. To see this, note thatréiative number of varieties of two healthfulness levels,
g andq’, in location/ can be written as the ratio of the common taste shifter faetias of qualityq relative tog’.
That is,

N(g.) _ (a(q) ) ©)

N(q',1) a(q')

Since tastes are identical across households and théodi&in of healthful products available is identical across
locations, Marshallian demand must be also identical adnosiseholds, regardless of their socioeconomic status
or location.

If we assume thatastes are identical(and, for simplicity, do not vary with product quality).e. ax(q) =
ar(q) = afor all g, but allowwholesale costs to varyith healthfulness, then the zero profit condition reduces
to

N(g.l) = T(c(q,))" (aP(1))' "7 (@)

Taking the derivative with respect to healthfulngsand location and imposing that retail costs are equal to the
sum of wholesale and shelf costg,, ¢(q, 1) = w(q) + s()\;) , we see that as long as wholesale costs are increasing
in quality and shelf-space costs are increasing,inthe healthfulness- and location-specific variety coungs a
supermodular in qualityg) and the high-socioeconomic share of householgs (

w'(q)s' (A1)
(w(q) +s(\))* ™™

> 0 for w'(q), s'(\) > 0.

This result implies that high-socioeconomic status hoakkshare more likely to live in locations with a greater
variety of healthful food products. The ratio of the priceha&falthful relative to unhealthful food products will
be identical across locations, so households in locatidtis avgreater variety of healthful food products avail-
able will purchase relatively more of these products. Assaltewe expect to see high-socioeconomic status
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households spending more on healthful food products, orageeeven if they have the same preferences as low-
socioeconomic status households. That is, socioeconaspariies in access to healthful and unhealthful food
products alone can generate socioeconomic disparitiestisdhold purchases.

If we instead assume th#tie cost functions are identicalacross locations,.e. ¢(q,1) = ¢(q) for all I, but
allow for tastes to varywith socio-economic status, the zero profit condition beesm

l—ow

N(g,l) = T (@)™ [\ (an(@)Pu@)™ + (1= N) (ar(q) Po(l) )7+ (8)

To characterize how the quality distribution is determibgddemand, we start by considering the simplest case
and compare two locationsand!’, which are populated entirely by high-socioeconomic amg$ocioeconomic
consumers, respectively. The ratio of the product countssacthe two locations at any given quality leyebk
given by

N _ (M)
N(g V) ar(q)Pr(l')

9)

since\; = 1 and)\;; = 0. Taking the derivative of this function with respect to libaliness we see that the ratio of
varieties available for a given healthfulness level actbeswo locations will be increasing in healthfulness aglon

as ziggg < zgggg . This is the same condition required for the relative exjitenglshare of high-socioeconomic to

low-socioeconomic households to be increasing in quality:

Overs  (N@D (aul@ o'l aylq) _ ap(g)
o “ND) <aH(q) - aL(q)> 00Nt ) o

for A = (";LJFU_;)) < 0.

Now, consider two locations with intermediate, but nonagshares of high-socioeconomic status households.
When costs are identical across locations, the zero prafiditon implies that the scale of firms producing varieties
of the same healthfulness is also identical across locatibime number of varieties available at each healthfulness
level will be determined solely by demand for products at tiealthfulness level. Since demand for healthful
varieties is increasing in socioeconomic status, and alsbbolds earn the same income, we must therefore have
that locations with more high-socioeconomic status hoolsishcan support a greater variety of healthful food

products.

4.2.2 Upper Bound for the Impact of Access on Consumption

We have demonstrated that two separate forces can eachlimally explain the distribution of product availability
and consumption that we observe across locations. Thelatore between access and household purchases
demonstrated in the previous literature, however, is figant to determine the role that differences in access
play in driving differences in consumer behavior (or vicesa). In what follows, we show that by comparing
the differences in household purchases across locatidhss$e within locations, we can identify an upper bound
on the role that access plays in generating these diffesenidee critical result is that demand alone determines
differences in purchases across households with diffemibeconomic statuses in the same location.

Both access and tastes could be at play in generating theesariomic disparities that we observe in purchases
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across households living in different locations. To ses, thote that the expenditures of a household of socioe-
conomic status on products of a given healthfulnegsre determined both by their taste for that healthfulness
ap(q), and by the price index of products of that healthfulneshdirtiocation:

1—0,
on0.) = (an(a)™ (%) 1)

We saw above that high-socioeconomic status individualsase more healthful food products either because
there are more of these products available in the locatidresewthey live and/or because they have a stronger taste
for these products. To see this mathematically, note tleaatierage expenditure share of healthfulressrieties
for high-socioeconomic relative to low-socioeconomidistandividuals living across two locationsandl’, is
given by

xH(q) < /\le( l)—f—)\l/xH(q,l) ) (2_)\l_/\l’)
zr(q) (= X)zrlq, ) + (1 = N)wr(q, V') A+ A

(@)™ N( ”)1%+Ap( Ul% 2N —
(aH q ) ( w (1 E )17% ( /\Hz—)w l ) (12)

ar(q) I—M)( @) =)

Tastes
Availability

"U"U

The first term reflects taste differences alone. The secondriflects differences in access that, as we outlined
above, could be the result of either firms catering to locsiets or to supply-side factors, such as the comple-
mentarities between healthfulness and local distributimsts proposed above. These differences in local product
availability are reflected through the local price indexeth P(q,[) decreasing in the number of healthfulness
q varieties that are available in locatién There are relatively more healthful varieties availabl@ilocation!
where there are more high-socioeconomic status indivigsalthe local healthfulnegsprice index will be lower,
relative to the overall price index a household faces in atioa (Px (1) or Py (1)), in high-\; locations relative to
locations with a lower share of high-socioeconomic stadg&lents. This correlation implies that the numerator of
the availability term is increasing in quality (sinte- o, < 0), whereas the denominator is falling in quality.

If we instead look at the average expenditure share of Hehltssy varieties for high-socioeconomic relative
to low-socioeconomic status individuals living in the saimeation,/, this availability term no longer varies with

e - ()" () @

Any systematic variation that we observe in the healthfssneonsumed by high-socioeconomic relative to low-

product quality:

socioeconomic status individuals living in the same lanatinust be attributed to tastes alone. In the context
of this model, the within-location variation in healthfeks only provides a lower bound for the role of tastes,
because tastes could also explain part (or all) of the @iffees in availability. This model is highly stylized, so
there are various additional reasons why within-locatioci@conomic disparities in healthfulness may reflect
more than differences in tastes alone. Important factasttie model abstracts from include the mobility of
both products and households between locations, unolisketerogeneity in tastes across households within the
same socioeconomic class, and differences in the mobilihoaseholds and the availability of products within
locations. We will address each of these below, but it is wodting that these biases will tend to lead us to further
overestimate the role of product availability in explaimiihe overall socioeconomic disparities in purchases.
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5 Role of Access in Explaining Consumption Disparities

In order to determine the role of access, we examine the etdewhich the nutritional quality of household
purchases varies across households in different socioedorgroups that live in the same location or shop in
the same store. We assume that households living in the sanseistract or shopping at the same store have
access to the same choice set of stores or products, reshectVe attribute any systematic differences that we
observe in purchases across socioeconomic groups, dongtfolr residential tract or store location, to differesce

in purchase decisions, as opposed to retail environmeirise 8ousehold tastes may play a role in determining
a given household’s retail environment - that is, househsht into neighborhoods that provide access to the
products that they prefer to consume and stores sort intatiots with high demand for their products - our
within-location estimates underestimate the role of hbakbdemand. Therefore, the difference in our across-
location and our within-location estimates can be intdgtteas an upper-bound for the extent of the existing
socioeconomic nutritional disparities that are due toedéhtial access.

5.1 Controlling for Location

In the analysis that follows, we control for access to seetidrethe nutritional disparities remain. In columns
(1) and (4) of Tablé14, we replicate the standardized regmesanalysis from columns (4) and (8) of Talile 1
for the sample of households with non-missing county andgugiract information. In subsequent columns,
we add controls for household location, using either cowmtgensus tract fixed effects. Looking first to the
results for the nutrient score, we see that the impact ofrecon healthfulness is reduced by approximately one
third when we control for county fixed effects and again bythaothird when we control for census tract fixed
effects. The relationship between education and the mitseore, however, is more persistent: the coefficient
on education remains surprisingly stable regardless caticess controls included. The results are quantitatively
more pronounced for the nutrient score, although the reauét qualitatively similar for both indexes. Differential
access explains between one third to one half of the nutatidisparities across differentincome groups, but only
10% of the disparities across education groups.

Table 4: Consumer Characteristics and Nutritional Qualftipurchases: Controlling for Location
Dep. Var.: Ln(Expenditure Score) Dep. Var.: Ln(Nutrienb8%)
) ) (©) 4) (5) (6)

Ln(Income) 0.0241** 0.0210** 0.0182** 0.0888** 0.0638**  0.0445**
(0.0014)  (0.0015)  (0.0015)  (0.0031)  (0.0032)  (0.0033)

Ln(Education) 0.202* 0.196"** 0.175** 0.634** 0.619** 0.566**

(0.0067) (0.0067) (0.0073) (0.015) (0.015) (0.016)
Observations 3274436 3274436 3274436 3274436 3274436 43874
R? 0.066 0.083 0.248 0.029 0.049 0.179
Location Cntrls No County Tract No County Tract

Standard errors in parentheses
*p < 0.05,** p<0.01, *** p < 0.001
Notes: Observations are at the household-month leveld&tdrerrors are clustered by household. All variables aredsirdized. All regressions include

year-month fixed effects and controls for household denpdces, including household size dummies, average headusfdhwld age, a dummy for marital status
of household heads, dummies for households with either alteeor male household head, a dummy for the presence of ehjldnd dummies for whether the
household reports being white, black, Asian, or Hispanic.

These results are visually depicted in Figures 5[and 6. Theeigdisplay the coefficients on income and
education when the same analysis as shown in Table 4 is damginsome and education dummies instead of
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levels. The points in Figurlg 5 are the coefficient estimateshe income dummies in the specification without

household location controls plotted against the relevasdme levels. The solid line depicts the smoothed value
of these estimates. The dashed lines reflect the smootheel klemsity of the coefficient estimates with county or

tract controls. We see that for both the expenditure and tieemt score, adding location controls dampens the
correlation between income and nutritional quality. Asdvef the impact of location controls on the relationship

between income and quality is more pronounced when qualitgeéasured using the nutrient score. Looking to
Figure[®, we see that the relationship between educatioracil measure of quality is more persistent. For both
the expenditure and the nutrient score, the addition of goaincensus tract fixed effects does little to reduce the
correlation between education and quality.

Figure 5: Income Effects with Geographic Controls
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Figure 6: Education Effects with Geographic Controls
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5.2 Controlling for Store

One concern with the within-location analysis is that hdwdes living in the same neighborhood may still have
differential access. Even within a census tract, distaoaetgil outlets varies depending on the location of the
household, and factors such as car ownership or proximiputic transportation may differentially impact the
ability of households to travel to stores. To entirely remdive impact of access, we now turn to a within-store
analysis. By including fixed effects for the store in whichuaghase is observed, we can explore how the nutritional
quality of purchases varies with the characteristics ofsebolds shopping in the same store. For this analysis,
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data is at the household-store-month level.

Here, we calculate expenditure and nutrient scores for tinehases that households make in specific stores
in each month. We then regress these household-store-moonds against household demographics, time fixed
effects, and store controls. The results of this analysisws in Table’h, paint a similar picture as the within-
location analysis presented above. The healthfulnesooé-shonth-level household purchases is increasing in
both income and education. When we control for access byingakt the variation within stores of the same type
(i.e., grocery, drug, mass-merchandise, or convenieheadrrelation between the nutrient score and income falls
slightly, but not by a statistically significant margin. Lldng to the expenditure score, we see that the correlation
between the expenditure score and income actually incseesen we control for store type.

In Sectio 3.2, we saw that the nutrient scores of the pradavilable in stores vary even across stores in
the same chain. Therefore, to hold the expenditure andemtitsicores of a household’s shopping environment
fixed, we need to control for the exact store in which they &apping. When we include store fixed effects, the
correlation between the expenditure score and incomestajlstly, while the correlation between the nutrient score
and income falls to a little over 50% of its original value.i¥ mdicates that at least half of the observed disparity
between the store-specific shopping bundles purchaseduseholds with differentincomes can be explained by
tastes. We stress that the remaining component could beiegdlby either tastes or access - households may
shop at different stores either because they are more #ueess because they offer products better suited to
the household’s tastes. Access plays a smaller role in imipdpthe relationship between nutritional quality and
household education. Moving from columns (1) to (4) and frmotumns (5) to (8), we see that the correlations
between expenditure and nutrient scores and householdgaiueach only fall by around 10%.

Table 5: Consumer Characteristics and Nutritional Qualitfurchases: Controlling for Store
Dep. Var.: Ln(Expenditure Score) Dep. Var.: Ln(NutrienbB)
@ @ 3 4 (5) (6) ™ 8

Ln(Income) 0.0282*  0.0351** 0.0317** 0.0265** 0.0804** 0.0793** 0.0589**  0.0453**
(0.0034)  (0.0026)  (0.0026)  (0.0021)  (0.0048)  (0.0045) 0@a4)  (0.0038)

Ln(Education) ~ 0.188* 0.186** 0.169** 0.165** 0.470** 0.467** 0.448** 0.434**

(0.016) (0.012) (0.012) (0.0099) (0.023) (0.021) (0.021) 0.018)
Observations 4224012 4224012 4224012 4224012 4224012 04224 4224012 4224012
R2 0.021 0.358 0.371 0.438 0.022 0.121 0.135 0.185
Store Cntrls No Channel Parent Store No Channel Parent Store

Standard errors in parentheses
*p < 0.05 % p<0.01, *** p < 0.001
Notes: Observations are at the household-store-month Btandard errors (in parentheses) are clustered by holasébbservations are

weighted by the dollar value of purchases represented imle@asehold-stores-month observation.

These results are visually depicted in Figures 7 [dnd 8, wiverbave replicated the regressions in Tdble 5
with household income and education dummies in place ofdera plotted the kernel of the coefficient estimates
from the four different specifications. The points and séifiés represent the point estimates and kernel of these
estimates from the specifications in columns (1) and (5) ®i€l@. The dashed and dotted lines represent the
kernel of the point estimates from columns (2) through (4) ) through (8), where we subsequently add more
detailed controls for retail outlet. It is clear from Figl#i¢hat the healthfulness scores of household-store-specifi
bundles are not monotonic in income. The relationship besomore monotonic once we control for channel fixed
effects, indicating that the curvature of the regressiceffa@ents without these controls is due to compositional
differences in the types of stores where high- and low-inetmuseholds shop. Overall, the inclusion of store
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controls moves the correlation between income and nutatiquality closer to zero. For both the expenditure and
the nutrient score, this result is most noticeable for tlghést levels of income, where the correlation between
income and quality is greatest in the absence of controlsking to Figuré B, we see that the relationship between
education and quality is again more persistent. When we uneagiality using the nutrient score, the inclusion
of stores controls has barely any effect on the correlatietveen the nutrient score for household-store food
purchases and education at all levels of education.

Figure 7: Income Effects with Store Controls
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Figure 8: Education Effects with Store Controls
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5.3 Discussion

In the analysis above, we find that, conditional on educatioa correlation between household income and the
nutritional content of households’ purchases is cut in ddén we control for either their residential location
or the store in which they are shopping. The effects of edmeatonditional on income, however, are much
more persistent: only 10% of the existing disparities instanption across education groups can be attributed
to differences in access. This suggests that over half ofdle®economic disparities in nutritional consumption
across income groups and nearly all of the socioeconompadifes in nutritional consumption across education
groups would remain even if the spatial disparities in agtesutritious foods were resolved.

The fact that socioeconomic disparities persist, evenif@plcross households shopping in the same store,
indicates that differences in demand across socioecongmnmips yield empirically relevant disparities above and
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beyond those that could also be attributed to the sortinggo$éholds by income and education across residential
locations or stores. This suggests that resolving dispaiiit access to healthful food products would not resolve
these disparities, at least not in the short run. In the longe, it is possible that improved access to healthful
foods could impact demand indirectly by providing low-ino® and less educated households increased exposure
to more healthful food products. Further analysis is resgiio understand which factors are most important in
explaining why demand varies across socioeconomic grduggsng in the same stores.

The fact that the socioeconomic disparities diminish whencantrol for household location does not neces-
sarily indicate that access alone explains this portioheflisparity. As discussed above, tastes could be reflected
in household’s store or location choices. If households\alésorted spatially or across stores by income or edu-
cation, we are less likely to see within-location or witlsitore disparities in purchases. The first reason for this is
mechanical. It is possible that the spatial sorting by inedaaves little variation in income within the households
in the same county or census tract. Sampling error in hold@iochases, which results in noisy measures of the
nutritional content of these purchases, could potent@lilyveigh the residual variation in income after contrajlin
for residential or purchase location, resulting in atte'rmuﬁbia The second reason is that the retail environment
itself is determined by household tastes. If neighborh@rdssegregated by income and stores sort spatially to
cater to local tastes, then we might not expect to see mudétizar in the choice sets of households living in the
same location. To the extent that this is the case, we exper to be less scope for differences in the health-
fulness of households’ purchases within locations (orespthan across them. These possibilities suggest that,
if anything, the results above overstate the role of acaegenerating disparities across income and education
groups and contribute to our belief that we have identifiedipper bound on the role of access in explaining
nutritional disparities in consumption.

6 Response of Household Purchases to a Changing Retail Envirment

Before concluding, we take an alternative, and more diagmbroach to thinking about the potential impact that
improved access would have on household consumption. fRjadlgi we look at the responsiveness of household
purchases to changes in the availability of healthful faodkeir area.

Over the six years in our sample, we observe changes in thi eaironments of households. The retail
environment of a household can change for three reasonke household moves to a different census tract with
different access, 2) the stores in a household’s neighlooricbange the products they offer, and 3) stores enter
and exit a household’s neighborhood. To capture changédminetail environment, we use time-varying kernel
densities of store concentration and store nutritionaligud he concentration indexes are as before, where we use
a kernel density of store indicators to account for diffeesiin the distance-weighted number of stores. Similarly,
we construct kernel densities of the store quality measurath for the expenditure and the nutrient score, to
measure differences in the distance-weighted availgiifitecommended produc@.

340ne might also be concerned that the disparities that weatticontrolling for household location and store choieeidentified from
only a small subset of the sample that lives in the same arghsheps in the same stores. We investigate this possibilitg distributions of
income and education residualized from other demogragrdsmonth and year effects are extremely similar to theibligions of income
and education residualized from other demographics, mamthyear effects, and location or store effects. Therefsecare identifying the
“within-location” and “within-store” effects over a sinait support of income and education as used in the regressidrsut location or store
controls.

35As before, we use a Gaussian kernel with a bandwidth of 20kettirlg S; denote the universe of stores in tirheH;; the expenditure
score of stores in census tract in time ¢, anddy; the distance between staseand the centroid of cenus tragtthe expenditure score kernel

_1(da)?
density for census traétin time ¢ is given bny;1 %e 2 ( 20 ) . Similarly, letting N4;; denote the nutrient score of starén census
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In Tableg®, we examine how household purchases in our saegpend to changes in these measures of access.
In columns (1) and (5) the analysis is analogous to what wesgmted in Tablg 4, where we explore how the quality
of monthly household purchases varies with income and eiducerhen controlling for access with continuous
measures of the density and healthfulness of the local egtéironment rather than with household location fixed
effects. We start by looking in the cross section. As befbmh measures of household purchase quality are
significantly related to income and education. The expengliscore is positively related to store concentration
and the distance-weighted store-level expenditure sctreagh the magnitudes of these coefficients are small,
especially once one takes into account how little variatieare is in the expenditure scores across stores in high-
and low-socioeconomic status neighborhoods. The nutsore is significantly related to store concentration but
not the distance-weighted store-level nutrient scoresisidbolds in areas with more stores come closer to meeting
the FDA's nutrient recommendations.

Table 6: Response of Nutritional Quality of Purchases torgka in Retail Access

Dep. Var: Ln(Expenditure Score) Dep. Var: Ln(Nutrient Sxor
@ ) 3 4 (5) (6) ™ (8
Ln(Income) 0.0235** 0.0717**
(0.0015) (0.0032)
Ln(Education) 0.199** 0.615**
(0.0068) (0.015)
Ln(Store Concentration) 0.00140 -0.000923 -0.000897 0.00662 0.0409 0.00565 0.00507 -0.0134
(0.00071) (0.0027) (0.0027) (0.0066) (0.0016) (0.0063) .0@63) (0.017)
Ln(Avg. Store Score) 0.0538 0.0149 0.0178 0.00120 0.0104 0.0633  0.069%** 0.0636**
(0.024) (0.025) (0.025) (0.025) (0.017) (0.013) (0.013) .0@)
Ln(Store Conc.)*Ln(Inc) -0.00149 -0.00191 0.00441  0.00447**
(0.0012) (0.0013) (0.00092) (0.00098)
Ln(Store Conc.)*Ln(Edu) -0.0151 -0.0196 0.0216** 0.0197*
(0.0081) (0.0088) (0.0060) (0.0063)
Ln(Avg. Store Score)*Ln(Inc) 0.00966*  0.00969** 0.0357** 0.0369**
(0.0027) (0.0029) (0.0068) (0.0072)
Ln(Avg. Store Score)*Ln(Edu) 0.0241 0.0341 0.149 0.146**
(0.018) (0.020) (0.033) (0.035)
Observations 3187956 3187956 3187956 2877746 3187956 9887 3187956 2877746
R? 0.066 0.435 0.435 0.438 0.032 0.327 0.327 0.329
E w.r.t Store Concen 0.00140 -0.000923 0.00121 0.00933 008.04 0.00565 0.00104 -0.0172
E w.r.t Corr. Store Score 0.0558 0.0149 0.0112 -0.00638 02.01  0.0633 0.0390 0.0332
Demographic Controls Yes No No No Yes No No No
Household Fixed Effects No Yes Yes Yes No Yes Yes Yes
Non-Movers Only No No No Yes No No No Yes

Standard errors in parentheses
*p < 0.05 ** p <0.01, *** p < 0.001

Notes: Observations are at the household-month leveld&tdrerrors are clustered by household. All regressioadecyear-month fixed effects. Log income
and education are both demeaned. Demographic controiglmtiousehold size dummies, average head of household dgi@nay for marital status of
household heads, dummies for households with either a éeanahale household head, a dummy for the presence of chjldnendummies for whether the

household reports being white, black, Asian, or Hispanic.

We control for household demographics in the cross-seattianmalysis, but households may sort spatially by
unobservable characteristics that are correlated witegder healthy foods. To the extent that stores are sorted
according to these unobservable characteristics, thdicieats on the store density and nutritional scores of the
neighborhood will be biased upwards. It is also possiblé tlbaseholds with a taste for healthful food products
tend to sort into residential neighborhoods with limitethileactivity and a greater density of convenience stores
and gas stations than full-service grocery stores, in wbéde our coefficients will be biased downwards. To deal

N,

_1(da)?
tractl in time ¢, the nutrient score kernel density for census ttaettime ¢ is given byzfél fé—:e 2 ( 20 ) .
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with these potential issues, we add household fixed effedtsei remaining columns for each dependent variable.
By controlling for the household, the coefficients are idfeat by the time-series variation in purchases and retail
environmené In columns (2) and (6), we cannot reject that household @sef respond neither to changes in
the concentration of retail outlets nor to the average edipere score of the stores in their vicinity. Household
nutrient scores do, however, respond positively to theamenutrient score of the stores in their vicinity.

In columns (3) and (7), we add interactions of these acceasekdensities with income and education to ex-
plore whether the response of a household to changes inr#taiirenvironment varies with these two dimensions
of their socioeconomic status. In column (3), we see thasthgstically insignificant average response of the
expenditure scores of household purchases masks a stdlyssignificant difference in the responses of house-
holds at different income levels: higher-income housesattprove their expenditure scores when offered a more
nutritionally-balanced mix of food groups in their neighbood stores. We see similar socioeconomic disparities
in how household nutrient scores respond to changes in hetdéensity and nutritional quality of the products
offered in local stores in column (7).

Even controlling for household fixed effects, one might beaaned about households sorting into different
locations based on their tastes. In columns (4) and (8) ofeT@hve limit the sample to only those households
who report living in the same census tract for all years thaytare in the panel. The results are very consistent
across specifications. This indicates that the variatidmimsehold retail environments driving our results is due
to either the entry or exit of stores or changes in the prodffetings of incumbent stores. Though this variation
is not exogenous to the overall market in which these storemaated, these shifts in aggregate demand are more
likely the result of households moving into or out of the rdigrhood, rather than shifts in the individual demand
of the incumbent households whose responses we are maasurin

To get a better sense of what the magnitudes of these coeffigieply, we consider how low-income and low-
education households would respond to a change in theireataronment equivalent to moving from the average
low-income, low-education neighborhood to the averagé-ingome, high-education neighborhood. We focus
on a household with income and education at the 25th peteémteach dimension - 13 years of education and
$32,500 annual income. The elasticities of household edipgme and nutrient scores implied by the coefficients
from each regression specification are presented in therbatiw of Tabl

Moving from a low-income and low-education neighborhooa tiigh-income and high-education neighbor-
hood would result in an increase of 1.96 in the log store cotmagon index, an increase of 0.005 in the average
log store expenditure index, and an increase of 0.053 inubeage log store nutrient index. Combined with the
estimated elasticities displayed in columns (3) and (Bs¢himprovements in access imply that a low-income,
low-education household’s expenditure and nutrient scarauld improve by 0.002 and 0.004 log units, respec-
tively, if they were to move from a low-socioeconomic to ahligpcioeconomic status neighborhood. Comparing
these changes to the socioeconomic disparities that we $erisehold scores in Figure 1, we see that 3% of the
gap in expenditure scores and 1% of the gap in the nutriemésaeould be removed by closing the gap in access
to healthy foods.

Overall, these results indicate that encouraging entrytares offering healthy foods alone will do little to

36since demographics are nearly constant across our sanjie fier a given household, we no longer control for inconayaation, and
other household characteristics.

37Note that log income and education are demeaned in thesessigns, so the elasticities are calculated@as- 31 (ln 13 —In Educ) +

B2 (ln 32500 — In m) wherefy, 51, and B2 are the coefficients on the density, the density interactighl demeaned education, and the

density interacted with demeaned income, respectivBly.c is the sample mean education level (14.3 years); andis the sample mean
income ($50,852).
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resolve the socioeconomic nutritional disparities. Onssplity for the differential responses across socioeco-
nomic groups is that stores offering more healthful proslusaly also charge higher prices for healthful foods,
deterring lower socioeconomic status households fromhasiag these items. If this is the case, policies aimed at
improving access to healthful foods will only be effectif7éhiey pair improved access with subsidies or tax breaks
to encourage entry with pricing controls. We plan to explterole of differential price sensitivities and budget
constraints in explaining nutritional disparities in frework.

7 Conclusion

Despite the absence of evidence drawing a causal link batdisparities in retail access and disparities in nu-
tritional consumption, much of the literature on food déséras assumed that equalizing access will decrease
nutritional disparities across different demographicup® Such an assumption underlies policies which aim to
improve the quality of food purchases by increasing thelalaity of healthful products in areas with unhealthful
consumption. Contrary to this assumption, our analysigesig that disparities in nutritional consumption are not
driven by differential access to healthy food products.rBwlen looking at purchases made within the same store,
much of the disparities that we observe when looking acrmgsesremain. We also observe a limited response of
household purchases to changes in retail access that haweextin the past. Taken together, our results provide
strong evidence that policies which aim to reduce nutrélatisparities by improving access to healthful foods
will leave much of the disparity unresolved.
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Appendix

A Supplementary Tables and Figures

Table A.1: Distribution of Household Income by Year

Year
Income category 2006 2007 2008 2009 2010 2011
Under 5,000 0.01 0.01 0.01 0.01 0.01 0.01
5,000-7,999 0.01 0.01 0.01 0.01 0.01 0.01
8,000-9,999 0.01 0.01 0.01 0.01 0.01 0.01
10,000-11,999 0.02 0.02 0.01 0.01 0.01 0.01
12,000-14,999 0.03 0.02 0.02 0.02 0.02 0.02
15,000-19,999 0.05 0.04 0.04 0.04 0.04 0.04
20,000-24,999 0.07 0.06 0.06 0.06 0.06 0.06
25,000-29,999 0.07 0.06 0.06 0.06 0.06 0.06
30,000-34,999 0.07 0.07 0.07 0.07 0.07 0.06
35,000-39,999 0.06 0.07 0.06 0.06 0.06 0.06
40,000-44,999 0.07 0.06 0.06 0.06 0.06 0.06
45,000-49,999 0.07 0.06 0.06 0.06 0.06 0.06
50,000-59,999 0.10 0.11 0.11 0.11 0.11 0.10
60,000-69,999 0.09 0.09 0.09 0.09 0.08 0.08
70,000-99,999 0.16 0.18 0.19 0.19 0.20 0.20
100,000 + 0.11 0.12 0.14 0.14 0.14 0.15
Total counts 37786 63350 61440 60506 60658 62092

Table A.2: Distribution of Male Household Head Educationviaar

Year Grade Some High  Graduated Some Graduated Post Total
School School High College College College Counts
School Grad
2006 0.013 0.050 0.253 0.292 0.265 0.127 27439
2007 0.010 0.046 0.255 0.294 0.273 0.121 47786
2008 0.010 0.045 0.254 0.291 0.277 0.123 46199
2009 0.009 0.042 0.256 0.288 0.280 0.124 45280
2010 0.009 0.041 0.253 0.286 0.286 0.126 45465
2011 0.008 0.040 0.245 0.285 0.294 0.128 46565
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Table A.3: Distribution of Female Household Head Educatimtribution by Year

Year Grade Some High  Graduated Some Graduated Post Total
School School High College College College Counts
School Grad
2006 0.005 0.031 0.277 0.315 0.264 0.108 33963
2007 0.005 0.026 0.268 0.320 0.278 0.103 57317
2008 0.004 0.025 0.264 0.319 0.280 0.107 55634
2009 0.004 0.023 0.263 0.314 0.287 0.109 54699
2010 0.004 0.022 0.256 0.311 0.296 0.111 54747
2011 0.004 0.021 0.247 0.309 0.303 0.116 56135

Table A.4: Consumer Characteristics and Nutritional Qualf Purchases:

Full Regression Results

Dep. Var.: Ln(Expenditure Score)

Dep. Var.: Ln(Nutrienb8)

(1) (2 3) 4 (5) (6) ] (8)
Ln(Income) 0.042%** 0.0241** 0.0426** 0.146** 0.0893** 0.0636**
(0.0013) (0.0014) (0.0024) (0.0028) (0.0030) (0.0021)
In(Avg. HH Head Age) 0.0328* 0.0392** 0.0437** 0.0285** 0.0440** 0.0616** 0.0783** 0.0206**
(0.0036) (0.0035) (0.0035) (0.0023) (0.0079) (0.0078) 0@@8) (0.0021)
HH Heads Married 0.0436* 0.0458 ** 0.0417** 0.0557** 0.103** 0.113** 0.0972** 0.0525**
(0.0034) (0.0033) (0.0033) (0.0045) (0.0073) (0.0072)  0@@2) (0.0039)
Female HH Head Only ~ -0.0526* -0.0690°**  -0.0634**  -0.0743** 0.0885** 0.0337** 0.0544** 0.0257**
(0.0040) (0.0040) (0.0040) (0.0047) (0.0086) (0.0086) 0@e6) (0.0040)
Male HH Head Only 0.0340°* 0.0210** 0.0224** 0.0178** -0.111** -0.153** -0.148** -0.0475**
(0.0047) (0.0047) (0.0047) (0.0037) (0.010) (0.010) (0)o1 (0.0032)
Kids Present 0.0238* 0.0179** 0.0210** 0.0250** 0.0838** 0.0574** 0.0686** 0.0330**
(0.0024) (0.0024) (0.0024) (0.0028) (0.0055) (0.0054)  0@B4) (0.0026)
Race: White 0.00789 0.0101* 0.00888 0.00892 0.0589** 0.0667** 0.0620** 0.0251**
(0.0038) (0.0038) (0.0038) (0.0038) (0.0085) (0.0084) 0@e4) (0.0034)
Race: Black 0.00323 0.00389 0.00164 0.00129 -0.0863 -0.0830** -0.0913** -0.0289 **
(0.0045) (0.0045) (0.0045) (0.0035) (0.0099) (0.0098)  0@O8) (0.0031)
Race: Asian -0.00872 -0.0155  -0.0199* -0.00855* 0.00766 -0.0113 -0.0272  -0.00473
(0.0061) (0.0061) (0.0061) (0.0026) (0.013) (0.013) (801  (0.0022)
Hispanic 0.0130** 0.0153** 0.0142** 0.00867** 0.0402** 0.0480** 0.0439** 0.0108**
(0.0036) (0.0036) (0.0036) (0.0022) (0.0080) (0.0080) 0@@9) (0.0020)
Ln(Education) 0.247* 0.203** 0.0743** 0.798** 0.635** 0.093g**
(0.0060) (0.0065) (0.0024) (0.013) (0.014) (0.0021)
Observations 3440297 3440297 3440297 3440297 3440297 29240 3440297 3440297
R2 0.061 0.064 0.066 0.066 0.022 0.026 0.029 0.029
Std Coef No No No Yes No No No Yes

Standard errors in parentheses
*p < 0.05,** p < 0.01, *** p < 0.001

Notes: Observations are at the household-month leveld&tdrerrors are clustered by household. All regressiorigdecyear-month fixed effects and household

size dummies.
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Figure A.1: Availability Healthfulness and Nutrient Scercross Channels

Store Expenditure Score by Store Types
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