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Abstract

The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) pro-
vides infant formula to low-income households through state-level exclusive supply contracts
that cover roughly half of U.S. infants. Although these contracts directly govern purchases by
WIC participants, they also affect households that receive no WIC benefits. We study these
spillovers using household-level in-store and online transaction data matched to WIC contract
changes across states from 2018 to 2025. When a manufacturer becomes the WIC supplier, its
market share among non-WIC households rises by roughly 30 percentage points in the regular-
size formula segment. The response is concentrated in physical stores, where the new supplier’s
market share rises by roughly 50 percentage points, while we find little systematic response on-
line or for bulk-size products. This contrast points to the physical retail environment as a central
mechanism. Additional evidence from WIC-authorized retailers and hospital formula-practice
data suggests that direct exposure to WIC labels and hospital-provided samples account for
relatively little of the spillover. The results show that public procurement can substantially re-
shape demand among untreated consumers by changing the retail environments in which choices
are made.
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1 Introduction

Government subsidy programs are typically designed to affect the consumption behavior of targeted
households. However, when such programs are large and interact with firms and retailers, they can
reshape the broader demand environment, influencing the behavior of untargeted consumers. In
particular, these programs may alter how products are marketed and presented—through changes
in distribution, shelf allocation, and institutional visibility—thereby affecting consumers’ consider-
ation sets and perceived product quality. Such spillover effects are likely to arise in a wide range
of settings, including Medicaid, the Supplemental Nutrition Assistance Program (SNAP), school
meal programs, and the 340B Drug Pricing Program. Understanding these effects is important
for evaluating how policy interventions interact with marketing environments to shape demand,
competition, and firm strategy.

In this paper, we study demand spillovers from the Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC), a large federal program that provides free infant formula to
low-income households and covers nearly half of all infants born in the United States[l| Under WIC,
each state awards an exclusive contract to a single manufacturer through a procurement auction,
granting the winner the exclusive right to supply formula to WIC participants. In 2011, winning
this contract led to a dramatic increase in market share from roughly 10% to as much as 90% in a
relevant market, as reported by the United States Department of Agriculture (USDA) (Oliveira et
al., 2011]).

While part of this increase is mechanically driven by purchases from WIC participants, a sub-
stantial portion reflects a demand spillover: households that are ineligible for WIC shift their
purchases toward the contract brand, despite receiving no price subsidy or direct benefit from the
program. We first measure this spillover directly using purchase data from non-WIC households,
allowing us to isolate changes in demand outside the population mechanically affected by the pro-
gram. This provides a more direct measure of the spillover than aggregate market-share changes,
which combine purchases by WIC participants and non-participants. Quantifying and understand-
ing this spillover is crucial for assessing how government programs shape competition and market
structure.

We then examine the mechanisms underlying this spillover. In particular, we study how the

WIC program may alter the information and retail environments faced by consumers. When con-
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sumers make purchasing decisions—especially for products they buy infrequently or for the first
time—they often face incomplete information about product availability and quality and may there-
fore rely on cues provided by retailers, institutions, or experts. The WIC program may affect these
cues through several channels. First, when a manufacturer wins the WIC contract, the product
may become more prominent and visible in stores because WIC-authorized retailers are required
to stock the contract brand and may also adjust shelf allocation, product placement, inventory, or
other merchandising decisions to accommodate increased demand from WIC participants. Second,
government endorsement through WIC labeling at authorized retailers may signal quality or regu-
latory approval. Third, hospitals may influence early product choices by stocking the WIC contract
brand or providing formula samples to new parents.

To identify the mechanisms underlying these spillovers, we combine multiple data sources that
allow us to observe consumer purchases across different marketing environments. Our primary
data come from household-level purchase records from Numerator, which track both in-store and
online transactions and include detailed information on prices, quantities, retailers, and household
demographics. Importantly, we observe whether households use WIC benefits, including vouchers or
EBT cards. We merge these data with state-level WIC contract information from 2018-2025, which
determines the manufacturer receiving preferential treatment in retail environments. In addition,
we incorporate hospital-level data from the CDC’s mPINC survey, which provides information
on infant formula practices such as the provision of formula samples and WIC-related support.
Throughout the analysis, we focus on households that are ineligible for WIC, allowing us to directly
measure demand spillovers rather than infer them from aggregate outcomes.

Our empirical strategy exploits institutional features of the WIC program that generate varia-
tion in consumers’ exposure to different marketing channels. First, WIC contracts change discretely
across states and over time, creating plausibly exogenous shifts in which manufacturer receives in-
creased retail prominence. Second, because WIC benefits can be redeemed almost exclusively in
physical stores, consumers shopping online are not exposed to in-store marketing inputs such as
shelf allocation or WIC labeling. This distinction allows us to compare purchasing behavior across
online and offline channels to isolate the role of retail environments in shaping demand.

We further disentangle specific retail mechanisms by leveraging variation in retailer authoriza-
tion. Only WIC-authorized retailers are permitted to display WIC-related labeling, while both
authorized and unauthorized retailers may adjust shelf allocation in response to WIC demand.

Comparing households that shop exclusively at authorized versus unauthorized retailers allows us



to separate the effects of institutional endorsement from those of product visibility. Finally, we use
variation in hospital practices captured in the mPINC data to test whether early exposure through
medical channels contributes to demand spillovers.

We document three main findings. First, when a manufacturer becomes the WIC supplier, its
market share among households that are ineligible for WIC increases by roughly 30 percentage
points in the regular-size segment of the market. This segment corresponds to products eligible
for WIC redemption and accounts for roughly one-third of total sales. Importantly, within the
non-WIC population, consumers who purchase regular-size formula tend to be lower income, less
educated, and more likely to be Black, indicating that the spillover disproportionately affects more
vulnerable households. The effect emerges immediately after the contract change and remains stable
over time. It persists after controlling for prices and restricting attention to stores that carry all
major national brands, indicating that neither price changes nor mechanical differences in product
availability can explain the result. While the aggregate market impact is more moderate, the
magnitude of the response within this segment suggests that changes in the marketing environment
can substantially reshape demand in policy-relevant product categories.

Second, the demand response is driven mainly by in-store purchases. While market shares in
physical retail stores respond sharply to WIC contract changes in the regular-size segment, online
purchases exhibit little to no corresponding response. This contrast implies that the spillover
operates through in-store marketing inputs that are absent in online environments. In particular,
online shoppers are not exposed to differences in how much shelf space a brand receives, where
it is placed on the shelf, or whether products are marked with WIC-related labels. The results
therefore point to the central role of retail visibility and product prominence in shaping consumers’
consideration sets and purchase decisions.

Third, we further distinguish among the mechanisms operating within physical retail stores.
We find that demand spillovers arise even among households that are not directly exposed to WIC
logos or hospital provision of formula. Using variation in exposure to WIC labeling across retailer
types and hospital practices on formula provision, we show that households without these forms of
exposure respond similarly to those who are exposed. These findings suggest that neither institu-
tional endorsement nor hospital exposure is the primary explanation for the spillover. Combined
with our earlier evidence that the effect persists when we restrict attention to stores carrying all
major national brands, the results instead point to differences in how prominently products are

presented within stores. In particular, the evidence is consistent with greater shelf allocation and



product prominence for the WIC contract brand playing a central role.

Our findings yield both managerial and policy implications. From a managerial perspective,
retail shelf allocation emerges as a powerful demand lever. Gaining shelf prominence through public
procurement or other institutional channels can generate large and persistent demand spillovers even
among consumers who are not directly targeted. Moreover, in-store execution dominates alternative
channels of influence: Retail visibility appears to be a more important driver of brand choice than
endorsement-based channels such as WIC labeling or hospital exposure. Because these effects
propagate across retailers through consumer cross-shopping, the returns to shelf space investments
can be substantially larger than previously measured, benefiting manufacturers even in outlets
where shelf space was not initially expanded. Taken together, these results suggest that managers
should view shelf space not merely as a point-of-sale tactic, but as a strategic tool for shaping
demand and building market-wide brand presence.

Our findings have two implications for current policy discussions surrounding the WIC program
and the infant formula market. First, they speak directly to concerns about market concentration
and supply resilience raised by the Federal Trade Commission (FTC) following the 2022 formula
shortageﬂ In a concentrated market, a supply disruption affecting a single manufacturer can
have substantial consequences for consumers. Our results show that the current WIC procurement
system can reinforce this concentration beyond purchases made by program participants: winning a
WIC contract shifts demand among non-WIC households toward the contract manufacturer. Thus,
the effects of procurement on market concentration extend beyond the demand directly controlled
by the program.

Second, our findings identify specific retail levers through which ongoing reforms to WIC food
delivery may affect these broader market consequences. Current efforts to expand online ordering
and other alternative shopping arrangements have focused primarily on improving convenience,
access, and equity for WIC participants. Our results show that the design of these channels may
also affect demand among non-participating households. In particular, because the spillover op-
erates primarily through in-store product prominence rather than WIC labeling or hospital ex-
posure, expanding purchasing channels that reduce the contract brand’s preferential visibility in
physical stores could attenuate the spillover. Conversely, similar effects could emerge online if WIC-
designated products receive preferential placement in search results or digital displays. As WIC

shopping options are currently being redesigned, our findings therefore identify concrete features
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of the retail environment that policymakers can consider when evaluating how program delivery

affects competition in the broader infant formula market.

Literature Review Our paper contributes to several strands of literature on how policy inter-
ventions interact with marketing environments to shape consumer demand and market outcomes.
In particular, we relate to work on demand spillovers from government programs, as well as research
on how retail environments and product visibility influence consumer choice.

Our paper contributes to a growing literature on the spillover effects of government programs.
While these programs are designed to affect targeted populations, they often generate broader
market-wide effects through equilibrium responses of firms and consumers. In the context of gov-
ernment procurement, Duggan and Scott Morton| (2006) show that Medicaid procurement affects
pharmaceutical prices and market outcomes beyond program beneficiaries. In the context of food
assistance, Handbury and Moshary| (2021) show that expansions of the National School Lunch Pro-
gram reduce grocery demand and induce price adjustments by retailers, generating indirect welfare
effects for non-participating households. Similarly, |[Leung and Seo| (2023) document that increases
in SNAP benefits raise grocery prices, implying that transfer programs can affect non-recipients
through price adjustments in retail markets. In healthcare, |[Baicker et al. (2014) and related work
study the broader impacts of Medicaid expansions on labor supply and participation in other so-
cial programs, while more recent work documents spillovers to privately insured patients through
changes in provider behavior (Lee, 2025). These studies highlight that large-scale government
programs can affect untargeted consumers through a variety of equilibrium channels. Our paper
contributes to this literature by documenting a different margin through which public procurement
affects market outcomes. Much of the existing literature emphasizes equilibrium price responses
to government programs. In our setting, however, we find relatively little price adjustment around
WIC contract changes, even as the contract manufacturer’s market share among non-WIC house-
holds changes sharply. This contrast motivates our focus on non-price mechanisms. We show that
public procurement can reshape the retail environment by increasing the visibility and prominence
of the contract brand, shifting demand among consumers who are not directly treated by the pro-
gram. These effects matter even when prices are largely unchanged. By concentrating demand
around a small number of firms, procurement may increase consumers’ exposure to supply dis-
ruptions, such as recalls, pandemic-related production constraints, or trade shocks. Thus, even

without limited equilibrium price effects, procurement can substantially alter consumer demand,



market structure, and the resilience of essential product markets.

Our paper is also related to the literature on shelf space management, where there is mixed
evidence on the impact of the number of products on the shelf (facings) and product position.
Empirical work generally finds that greater shelf space can increase product sales, although the
magnitude of the effect varies substantially across products and retail settings (Chandon et al., [2009;
Corstjens and Doyle, |1981; Desmet and Renaudin) [1998; |Dreze et al., |1994)). Earlier work reports
relatively modest average shelf-space elasticities, while more recent studies emphasize substantial
heterogeneity and nonlinear effects. In particular, Dreze et al.|(1994) find that additional facings
have limited effects once a product receives sufficient shelf space, suggesting diminishing marginal
returns to further shelf allocation. (Chandon et al| (2009), by contrast, show that greater shelf
presence can increase consumer attention and purchase intentions, highlighting that shelf space
may affect demand not only through product availability but also through visibility. We make
three contributions to this literature. First, we provide evidence from a natural experiment rather
than a controlled manipulation of shelf facings, allowing us to study retail visibility at market scale.
Second, we show that the demand effects associated with changes in retail visibility are substantially
larger than the elasticities reported in the existing shelf-space literature. Third, by comparing
online and offline purchases and exploiting variation in WIC authorization and hospital practices,
we disentangle retail visibility from alternative mechanisms such as institutional endorsement and
hospital exposure.

Lastly, this paper adds to the literature on the US infant formula markets and WIC. Using
retail scanner data, |Oliveira et al.| (2011) document that a manufacturer’s market share increases
substantially after winning a WIC contract. Building on this evidence, Huang and Perloff] (2014]),
Choi et al.| (2020), and Rojas and Wei (2019) provide evidence that these market share gains extend
beyond WIC participants to non-participating households. More recently, An et al.| (2023)) develop
a structural model of procurement auctions and pricing competition to quantify how WIC contracts
affect consumer demand, manufacturer pricing, and government expenditures. We contribute to
this literature in two ways. First, using household-level purchase data, we directly measure de-
mand spillovers among non-WIC households rather than inferring them from aggregate scanner
data. Second, we identify the mechanisms underlying these spillovers. While the existing literature
hypothesizes that spillovers may arise through retail visibility, WIC labeling, or hospital-provided
formula samples, we provide evidence that retail visibility is the dominant mechanism, whereas

institutional endorsement and hospital exposure play much smaller roles.



The remainder of the paper is structured as follows. Section [2| provides background on the
infant formula market and the WIC program, Section |3| introduces the data, Section 4| presents
potential mechanisms behind the spillover effects, Section [b| presents the analysis on the discrete

choice model, and Section [6] concludes.

2 Background

2.1 Infant Formula Market

Infant formula is an essential product with limited substitutabilityﬂ Although the American
Academy of Pediatricians recommends exclusively breastfeeding infants for the first year of lifeﬁ
many women do not produce enough milk or lack the support needed to breastfeed. 6 month
breastfeeding rates are 59% for Asian, 45% for white and Hispanic, and 28% for black mothersﬂ
Thus, households that purchase infant formula typically have limited outside options: if breast
milk is not available, formula cannot be easily substituted or produced at home because a baby’s
nutritional needs are highly specific and any contamination or imbalance in vitamins and minerals
can cause serious health consequencesf]

Due to the importance of the product, the infant formula market is heavily regulated. Infant
formula falls under section 412 of the Federal Food, Drug, and Cosmetic Act. The act lays out
minimum standards for the nutrient content, quantity, and quality of infant formula, along with
requirements for recordkeeping and recall practices. The act also requires all infant formula man-
ufacturers to register with the US Food and Drug Administration (FDA). The act also gives the
FDA the authority to set and adjust requirements for nutrient quality control standards, submission
requirements, labeling, and nutrient Speciﬁcationsﬂ All formula sold legally in the US is reviewed
by the FDA, which regularly inspects formula products and the manufacturing facilities where they
are madeﬁ Heavy regulations that differ from those in other countries and import tariffs have
together limited imports of formula into the US.

As a consequence, the infant formula market in the US has been highly concentrated. Only four

3Commonly available infant formulas contain mostly cow’s milk with purified whey and a mixture of vitamins and
minerals.

“https: //www.cdc.gov/nutrition/infantandtoddlernutrition /breastfeeding /recommendations-benefits.html

®https://www.ncbi.nlm.nih.gov /pme/articles/PMC4410446 /

Shttps://www.cdc.gov/nutrition/infantandtoddlernutrition/formula-feeding /choosing-an-infant-formula. html

"https://www.ibisworld.com /united-states/market-research-reports/infant-formula-manufacturing-industry /
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manufacturers together produce 90% of infant formula sold in the US, and only 2% is importedﬂ
Among the four manufacturers, the three companies, Abbott (Similac), Mead Johnson (Enfamil),
and Nestle (Good Start), produce national brands, while the fourth one, Perrigo, is the private
label manufacturer that produces generic infant formula and its products are sold through all
major retailersF_U] In 2021, Nestlé sold its U.S. infant formula division to Perrigo, after which there
have been only two national brand manufacturers, Abbott and Mead Johnson, further increasing
market concentration in the infant formula market.

Finally, infant formula products are typically available in two different sizes, regular size (12-13
oz) and bulk size (48-50 oz). The three national brands offer both regular and bulk-size products,
and Perrigo offers mostly bulk-size products. This distinction is important because policy inter-
ventions such as WIC apply only to the regular-size segment, while bulk-size products serve as a

natural comparison group in our empirical analysis.

2.2 The WIC Program and Supplier Contracts

The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) is a federal
assistance program administered by the Food and Nutrition Service (FNS) of the United States
Department of Agriculture (USDA) that aims to supplement the health of at-risk low-income preg-
nant, postpartum, and breastfeeding women, infants, and children up to age ﬁveE] Eligibility for
WIC is determined based on three criteria: (i) categorical eligibility (pregnant, postpartum, or
breastfeeding women, infants, or young children), (ii) income eligibility, typically defined as house-
hold income below 185% of the federal poverty level, and (iii) nutritional risk, as assessed by a
healthcare professional. Individuals who participate in certain other assistance programs, such as
Medicaid, SNAP, or TANF, are automatically considered income-eligible.

It is the third largest food and nutrition assistance program and served about 6.2 million
participants per month in fiscal year 2020, including almost half of all infants born in the United
StatesF_Z] The WIC program provides certain foods to eligible participants, including powdered
infant formula, infant cereal, and other dietary supplements for children and mothers. Based on

estimates by the USDA, in 2017, 2.2 million infants (56 percent of all infants in the United States)

9https:/ /www.theguardian.com /us-news/2022/may /18 /baby-formula-shortage-why-is-there-none-what-to-do-
causes-explained

*“https://www.perrigopediatrics.com/about/default.aspx

"https://www.fns.usda.gov/wic/about-wic
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were eligible for WIC and 79% of eligible infants participated in the programﬁ WIC participants
are given vouchers or EBT cards for eligible products so that they can redeem them at retail stores,
who then bill the federal government at their retail price for each redeemed voucher.

This paper focuses on milk-based powder formula, which accounts for 72% of all infant formula
in dollar sales to WIC and non-WIC ConsumersE Importantly, WIC benefits apply to standard
(“regular-size”) formula products that are eligible for voucher redemption, rather than larger bulk-
size products. As a result, both the program’s direct effects and the commonly cited evidence on
market share dynamics—such as the USDA event study discussed below—primarily reflect outcomes
within the regular-size segment of the market.

WIC is an expensive program, with annual costs totalling about $6 billionﬁ A large share
of these costs is driven by infant formula, which is the single most expensive food category in
the program. Since the late 1980s, WIC State agencies have attempted to control costs of infant
formula procurement by holding auctions in which infant formula manufacturers offer discounts in
return for the exclusive right to supply the state’s WIC programm

To determine the brand that supplies WIC, state agencies conduct auctions in which manu-
facturers bid a rebate paid to the government for each redeemed voucher, along with a wholesale
price that puts the rebate into context. The contract is awarded to the manufacturer offering the
lowest net price (wholesale price minus rebate). Historically, these auctions have been dominated
by a small number of national manufacturers, reflecting the highly concentrated structure of the
U.S. infant formula market.

Winning a WIC contract affects a manufacturer’s demand beyond the purchases made directly
through the program. Following Oliveira et al.| (2011), we refer to this increase in demand outside
the WIC program as a demand spillover. Oliveira et al. distinguish this spillover from the direct
effect of the contract, whereby WIC participants switch to the newly designated brand. Using retail
scanner data, they show that when the identity of the WIC supplier changes, the new contract
manufacturer gains substantial market share, with part of this increase reflecting sales outside
the WIC program as reported in Figure [I} It shows that the market share of the WIC brand in
the regular-size category rises sharply following a contract change, while the former WIC supplier’s

share falls. Although much of this shift reflects purchases by WIC participants, the demand spillover

Bhttps:/ /www.fns.usda.gov/wic-2017-eligibility-and-coverage-rates

Y“https://www.ers.usda.gov/amber-waves/2011/september /infant-formula-market /

Yhttps://www.cbpp.org/research/food-assistance/wics-competitive-bidding-process-for-infant-formula-is-highly-
cost

1611 contrast, other WIC food items are not procured through such exclusive contracts through auctions.
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Figure 1: Event Study by USDA

Figure 10

Share of volume sales by WIC contract brand status
12-16 oz milk-based powder (California)
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Week

WIC=Special Supplemental Nutrition Program for Women, Infants, and Children.
Note: Dashed line represents the week the contract brand changed.

Source: USDA, Economic Research Service calculations based on Nielsen supermarket
scanner-based data.

Source: |Oliveira et al.| (2011))

implies that households purchasing formula outside the program also shift toward the contract

manufacturer.

2.3 Retailers

Once WIC-participating households receive vouchers or EBT cards from the state agency, they
may redeem them only at WIC-authorized retailers. To ensure adequate access for WIC partic-
ipants, each state WIC agency imposes minimum inventory requirements on authorized retailers,
mandating that they carry a minimum quantity of the contract manufacturer’s infant formula prod-
ucts. This minimum inventory policy creates strong incentives for offline retailers to allocate scarce
shelf space toward the contract brand, as these stores anticipate higher demand from WIC-eligible
households. As a result, the increased shelf presence of WIC products may also raise their visibility
and salience among non-WIC households.

As of 2025, WIC does not permit fully online transactions in most states. Even in states that
allow online ordering, such programs remain largely experimental, and households are typically
required to pick up their orders in person at local retail stores. Consequently, consumers do not
encounter WIC logos or eligibility indicators on online retail websites. Moreover, unlike brick-
and-mortar stores, online retailers are not constrained by physical shelf space because products are

displayed on webpages rather than physical shelves. In principle, online retailers could still promote
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WIC contract products by displaying them more prominently in search results or category pages.
However, a descriptive audit of Walmart, Target, and Amazon using VPN access from multiple
states finds little evidence that the ordering of infant formula search results systematically varies
with the state’s WIC contract manufacturer. We report this result in the online appendix.

As explained above, when a WIC participant redeems a voucher or an EBT card, the state
reimburses the retailer at the prevailing retail price. The state subsequently collects a negotiated
rebate from the manufacturer, resulting in a net price to the government that is substantially lower
than the shelf price. Because WIC participants face zero marginal cost at the point of sale, this
reimbursement structure could, in principle, give retailers incentives to raise the prices of contract
brands.

To mitigate such incentives, state agencies impose price regulations for WIC-authorized vendors,
known as Maximum Allowable Reimbursement (MAR) rules. These rules limit the reimbursement
rate to levels that are not excessively higher than prices paid by non-WIC customers. The MAR is
determined relative to a vendor’s peer group, with retailers grouped based on characteristics such
as size and location. A retailer whose infant formula prices consistently exceed those of comparable
peers may face sanctions or disqualification from the WIC program. Hence, retailers do not have

full control of retail prices.

2.4 Hospital-provided formula samples

Despite pediatricians’ strong recommendations in favor of breastfeeding, hospitals and physicians
routinely stock infant formula to ensure that newborns can be fed when medical complications arise
or when breastfeeding is insufficient.

When hospitals procure infant formula, they typically do so through Group Purchasing Organi-
zations (GPOs), which negotiate large-scale contracts with manufacturers. Although hospitals are
not federally required to stock their state’s WIC contract brand, many choose to do so to maintain
“continuity of care” for WIC-supported households after hospital discharge. In some cases, this
linkage is explicit. For example, the Wisconsin WIC agency requires physicians to recommend the
WIC contract brand.

Historically, infant formula manufacturers also distributed free “discharge bags” containing
formula samples to new parents at hospitals. While this practice has declined sharply in recent years
due to state-level regulations and changes in hospital policies, such samples may have been perceived

by parents as implicit endorsements by medical professionals. As of today, company-sponsored

12



infant formula marketing bags have been banned in all hospitals—either through regulation or

universal voluntary compliance—in Delaware, Massachusetts, Maryland, and Rhode Islandm

3 Data and Descriptive Statistics

For our empirical analysis, we combine several unique data sets. In particular, we combine house-
hold panel data on online and offline purchases with federal poverty guidelines, WIC auction out-
comes, and hospital data on infant formula provision and assistance in making WIC appointments.
We use the households’ online and offline purchases from 2018 to 2025 from Numerator. Nu-
merator is a market research firm that has recruited over two million U.S. households. This firm
compiles data on the purchasing habits of its panelists, obtaining half through snapshots of physical
receipts, and half through linked loyalty accounts and email scraping. The data encompass a di-
verse range of categories (e.g. consumer packaged goods, durable goods, electronics, cannabis, fast
food, and food delivery), include purchases made through both e-commerce and traditional retail
channels for home use or consumption, and cover various types of retail stores as well as online
purchases (e.g. grocery, mass retailers, club stores, convenience stores, liquor stores). The data
also include demographic information, including race, income, education, and household size@
To identify households that do not participate in the WIC program in the Numerator data,
we observe whether a household uses WIC benefits in its transactions and classify a household as
a WIC participant if it uses WIC benefits at least once during the sample period. Accordingly,
households that never use WIC benefits are classified as non-WIC households. An advantage of
the Numerator data is that WIC participation is measured from observed transactions rather than
self-reported participation or just inferred based on reported income, as is typical in other widely
used household purchase datasets@ Hence, our main sample includes both households that are

ineligible for WIC benefits and those that are eligible but do not participate in the program@

"Historically, hospital discharge packs have been sponsored by national infant formula manufacturers rather than
private-label producers. Consequently, if hospital exposure were the primary mechanism, it would mainly influence
competition among national brands rather than between national and private-label products.”

80One concern of the period of the data we use is that it includes the period when Abbott’s infant formula products
were recalled in February 2022. The recall induced a national-level shortage of infant formula products. In the online
appendix, we show the results of the empirical analysis excluding the recall period and find that the results are quite
robust.

19We also merge the household data with the federal poverty guidelines from the U.S. Department of Health
and Human Services by year and household size. Households with income above 185% of the federal poverty level
are classified as income-ineligible for WIC, and this classification is broadly consistent with the transaction-based
measure.

204In 2017, about 79% of WIC-eligible infants participated in the program, implying a non-take-up rate of roughly
21% (Gray and Johnson| (2021))).”
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To examine purchases by households that do not participate in WIC in states where a new
manufacturer replaces the incumbent supplier, we combine information on WIC auction winners
with contract start and end dates from 2018 to 2025, collected from state WIC agencies. During
our sample period, there are 97 auctions, including 27 cases in which the contract winner changes.

Finally, we obtain hospital formula provision practices from the Centers for Disease Control and
Prevention (CDC)’s national survey of Maternity Practices in Infant Nutrition and Care (mPINC).
The survey includes all hospitals in U.S. states and territories that provide maternity care services

for the years 2018, 2020, and 2022.

Table 1: Non-WIC Household Characteristics

N mean std min 25% 50%  75% max
Trips 15,156 7.1 76 2.0 2.0 4.0 8.0 104.0
Brands Purchased 15,156 1.5 0.7 1.0 1.0 1.0 2.0 4.0
Total Price Paid 15,156 321.5 410.3 1.3 92.0 170.7 379.8 13,424.3
Total Price Paid WIC 9,011 214.8 3377 0.0 50.0 976 229.0 8,858.4
Oz 15,156 214.1 2783 0.0 55.6 111.2 253.0 4,356.1
Oz WIC 9,011 128.6 203.1 0.0 25.0 57.6 136.8 3,398.0
Cans 15,156 10.1 12.7 2.0 3.0 6.0 12.0 334.0
Duration (days) 15,156  287.1 292.0 30.0 98.0 197.0 337.0 2,624.0

Note: Table shows the number of trips taken by each household, as well as cans of formula, ounces of formula,
ounces of formula purchased from the WIC supplier, the price paid, and the duration from the first purchase to the
last purchase. We restrict the sample to households that are observed for more than 30 days during the data period.

Source: Numerator Data 2018-2025.

Summary Statistics We first examine Numerator panelists who do not participate in WIC,
based on the conditions above. Table (1| shows that these households make, on average, 7 trips
over 11 months. These households purchase, on average, 10 cans of formula containing 214 ounces
of powder and spend $321 on formula over the period in which they are observed. The average
number of manufacturers purchased is 1.5.

We now examine manufacturers’ market shares across all households in the Numerator data.
The infant formula industry is dominated by three firms, Abbott, Mead Johnson, and Nestle,
with stores also offering their own brands. Table [2] displays market shares within two different
size categories. Since powdered infant formula provided by the WIC program comes in containers
containing between 12-16 ounces of powder, we refer to these containers as “regular” sizes and larger
containers as “bulk” sizes. Abbott and Mead Johnson together capture 87% (60%) of households’

purchases of regular (bulk) sized formula.
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Table 2: Manufacturer Shares (All Households)

Regular Bulk
Manufacturer Cans Share Cans Share
Abbott Laboratories 416,031 0.45 282,452 0.32
Mead Johnson 385,807 0.42 246,507 0.28
Nestle 95,151 0.10 47,513 0.05
Store 22,903 0.02 316,830 0.35

Note: Table shows the number and share of cans that Numerator households purchase from each manufacturer in
regular and bulk-size containers. Regular size refers to 12-16 oz and bulk size refers to containers larger than 16 oz.

Source: Numerator Data 2018-2025

Table [3|reports manufacturer shares separately for non-WIC households, distinguishing between
regular-size products (eligible for WIC redemption) and bulk-size products (ineligible for redemp-
tion). Among households who do not participate in WIC, the market structure closely mirrors
that of the overall market, with Abbott and Mead Johnson together accounting for roughly 85%
of purchases in the regular-size segment and about 60% in the bulk segment. Nestlé plays a rela-
tively minor role, and store brands are largely absent in the regular-size category but account for
a substantial share in the bulk segment.

Importantly, the regular-size segment represents a non-trivial share of total purchases even
among non-WIC households, both in terms of the number of cans (about 30%) and total quantity
purchased (about 20%). This indicates that a substantial portion of ineligible households’ demand
occurs in the segment directly affected by WIC contracts. As a result, these households are exposed
to the retail environments shaped by the program, despite not receiving any subsidies. Together,
these patterns highlight that the regular-size segment, where WIC operates, is both economically
meaningful and highly concentrated among national brands, making it a natural setting to study
demand spillovers among consumers who are not directly treated by the program.

Table[d] provides further insight into which households purchase regular-size products by compar-
ing households that purchase only regular-size formula, only bulk-size formula, or both. Households
that purchase only regular-size products tend to have lower income and lower levels of education
compared to those that purchase only bulk products, and are more likely to be BlackH In con-
trast, households purchasing bulk products tend to be higher income, more educated, and purchase

larger quantities per transaction. These differences suggest that the regular-size segment is dispro-

21The median household income in US is $83,730 in 2024.
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Table 3: Manufacturer Shares (non-WIC Households)

Regular Bulk
Manufacturer Cans Share Cans Share
Abbott Laboratories 22,979 0.44 32,906 0.30
Mead Johnson 22,347 0.43 33,785 0.31
Nestle 3,254  0.06 3,402 0.03
Store 3,468 0.07 40,194 0.36

Note: Table shows the number and share of cans that Homescan households purchase from each manufacturer in
regular and bulk-size containers. Regular size refers to 12-16 oz and bulk size refers to containers larger than 16 oz.

Source: Numerator Data 2018-2025

portionately composed of more vulnerable consumers, even within the non-WIC population. This
heterogeneity is important for interpreting our results, as it implies that the spillover effects we
document are concentrated among households who are more likely to shop in-store and rely on
retail environments when making purchase decisions. It also highlights that the marketing environ-
ment shaped by WIC contracts may have distributional consequences beyond the program’s target
population.

Now, we provide evidence that a manufacturer that wins the WIC auction becomes more at-
tractive even to households that do not participate in the WIC program. We examine states in
which a new manufacturer replaces the incumbent WIC manufacturer during 2018—2025@ During
our sample period, there were 97 auctions, among which 27 of those experience a new winner. Fig-
ure [2a] shows manufacturers’ share of non-WIC households’ purchases of regular-size cans that are
eligible for redemption in the program. Prior to the contract change, the incumbent WIC supplier
enjoys a high share of over 60% among households that do not participate in the program, while
the future WIC supplier holds a share of less than 20%. After the new WIC supplier takes up
the contract, their share quickly increases while the former WIC supplier’s share drops. The third
manufacturer’s share stays stable at less than 20% throughout this period. In contrast, Figure
shows that the contract changes have little impact on manufacturers’ share of non-WIC households’
purchases of bulk-size cans that are ineligible for redemption in the program.

One might wonder if some of the share changes are driven by changes in prices. Figure|3|displays

the price paid by Numerator panelists by manufacturer, size, and whether the manufacturer was

228tates with more than one such contract change are split up into 2 ”states”, each with a single contract change,
with the date of the split as the midway point between the two contract changes.
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Table 4: Household Characteristics by Purchasing Method

Only regular Only bulk Both

Income (median) 85,000 95,000 85,000
Household size 3.2132 3.2908 3.3090
College or more 0.7567 0.8417 0.8109
Black 0.0866 0.0489 0.0729
Hispanic 0.0597 0.0908 0.0798
Asian 0.0687 0.1146 0.0652
White 0.7313 0.7167 0.7486
N transactions 9.0030 11.1325 12.8309
Total oz 204.0354 446.2901 397.8738
Oz per transaction 21.3278 40.3261 30.7426
Cans 16.0682 15.6220 18.6679
Duration (days) 229.2552 265.3600  380.3699
N households 337 2,717 3,252

Note: The table reports household characteristics by infant formula package-size purchasing behavior. Households
are classified as purchasing only regular-size formula, only bulk-size formula, or both sizes during the sample period.
Income is reported in dollars. Education and race variables are indicator means. Total ounces purchased and ounces
per transaction are calculated from all infant formula purchases observed in the data. We restrict the sample to
households that make more than 5 purchases.

Source: Numerator Data 2018-2025
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Figure 2: Share of Non-WIC Household Purchases by Manufacturer
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Notes: The figure reports market shares of infant formula purchases among non-WIC

households by manufacturer separately for regular-size and bulk-size products. Source:
Numerator, USDA auction data 2018-2025.
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the WIC supplier. Abbott and Mead Johnson set the highest prices, with Nestle priced lower. Store
brands charge much lower prices than the three premium brands. The Abbott and Mead Johnson
products are priced lower and Nestle products are priced slightly higher when the manufacturer
wins the WIC contract. This pattern could reflect several forces. On the demand side, increased
demand from WIC participants may put upward pressure on prices when Nestlé wins the contract,
while retail price caps may constrain price increases for higher-priced premium brands. On the cost
side, winning a WIC contract may also affect manufacturers differently through changes in scale
and distribution costs, particularly if transportation costs vary with the geographic configuration
of production and demand. We therefore do not interpret these descriptive price differences as
identifying a particular mechanism. Prices for bulk products are similar regardless of whether a
manufacturer holds the WIC contract.

Figure 3: Price by Manufacturer and WIC Status
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Note: Panels show price per oz for each manufacturer, for periods where the manufacturer is or is not the WIC
supplier. The left panel shows prices for 12-16 oz containers (regular size) and the right panel shows prices for
containers above 16 oz (bulk size). 95% confidence intervals are shown.

Source: Numerator, auction data provided by USDA, 2018-2025

Figure 4] shows the price trend around the timing of the contract change for the regular-size
products. The graph shows that when a manufacturer becomes the new WIC supplier, its prices
do not change much, while the incumbent supplier’s prices increase a bit after their contract ends,

suggesting that the huge market share shift in Figure [2] may not be largely driven by price changes.

Online Transactions One of the features of the Numerator data is that it contains both online

and offline transactions. We present several key summary statistics by channel.
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Figure 4: Price of Non-participating Household Purchases by Manufacturer
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Note: Figure shows price per ounce for 12-16 oz containers (regular-size) for the incumbent
WIC supplier, the new WIC supplier, and the third bidding manufacturer who is neither the
incumbent nor the new WIC manufacturer. Source: Numerator, auction data, 2018-2025.

Figure 5: Fraction of Purchases Made Online
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Note: Figure shows a histogram of the fraction of purchases made online by each non-WIC
household. We keep the sample to the households with more than 5 trips to create the figure.

First, Figure 5| displays a histogram that illustrates the proportion of online purchases made
by each household that is not participating in WIC. Notably, approximately 60% of households
have never bought infant formula from online retailers. Additionally, around 10% of households
exclusively obtain their infant formula through online channels.

Table |5| compares the demographic characteristics of non-WIC households who shop exclusively
in-store, exclusively online, and both in-store and online. Online shoppers have more income, are

more educated, are more likely to be white and Asian, and are less likely to be black or Hispanic.

20



Table [6] compares the purchase characteristics of non-WIC households who shop exclusively in-
store, exclusively online, and both in-store and online. Online shoppers make fewer purchases over
a shorter period of time but spend more on each purchase, and are more likely to purchase bulk-size
containers.

Table 5: Comparison of in-store and online purchasers’ demographics

Purchase Type Income College Black Hispanic Asian

In Store 104,021 0.827  0.060 0.081 0.105
Online 96,905 0.837  0.078 0.043 0.070
Both 105,418  0.837  0.055 0.091 0.056

Note: The table compares the demographics of non-WIC households who shop exclusively in-store, exclusively
online, and both in-store and online.
Source: Numerator data 2018-2025.

Table 6: Comparison of in-store and online purchasers’ purchases

Purchase Type Purchases Total Spent Duration (days) Bulk

In-store 9.35 428.26 305.23 0.76
Online 9.87 520.17 229.17 0.80
Both 14.15 681.63 350.67 0.80

Note: The table compares the purchases of non-WIC households who shop exclusively in-store, exclusively online,
and both in-store and online.
Source: Numerator data 2018-2025.

4 Mechanism

Retail Channel One potential mechanism behind the demand spillover is the retail environment
associated with the WIC program. When a manufacturer becomes the WIC supplier, retailers
may respond in several ways, including allocating greater shelf prominence to the contract brand,
displaying WIC-related logos or labels, adjusting inventory allocation, or otherwise increasing the
product’s visibility in stores. Households that do not participate in WIC may interpret these
retail cues as signals of product quality, popularity, or institutional endorsement. Figure [6] presents
several examples of WIC-related logos displayed on shelves in grocery stores. Consumers can easily
observe these visual cues, which may influence purchase decisions even among households that do

not directly receive WIC benefits ]

23For instance, Luffarelli et al.| (2019), |Cian et al.| (2014)) study the effects of logo design on consumer behavior and
perception about the brands.
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One challenge in studying retail mechanisms is that there are no readily available large-scale
data on shelf-space allocation, product placement, displays, or inventory management across retail-
ers and states over time. As a result, directly observing how retailers adjust in-store merchandising
in response to WIC contract changes is difficult. Accordingly, our empirical analysis focuses on
identifying the broader role of physical retail exposure and in-store visibility mechanisms rather
than separately estimating the effect of any individual retail input. Because shelf allocation is one of
the most salient and economically important components of the in-store retail environment, we oc-
casionally refer to these broader retail visibility mechanisms as “shelf-space effects” for expositional
convenience, while recognizing that the data do not separately identify individual merchandising
inputs@

Our approach to investigating the potential mechanism behind demand spillover hinges on the
fact that WIC typically does not permit online ordering and transactions. Although the USDA
is considering proposals to eliminate barriers to online ordering and internet-based transactions in
WIC, as of 2025, only a few states and supermarkets have begun to experiment with online ordering
and widespread implementation of this policy across all states is expected to take some time.
Consequently, consumers engaged in online grocery shopping do not encounter WIC logos, and
online grocery stores are not subject to the same physical constraints as their offline counterparts.
By comparing consumer behavior in online and offline shopping environments, we can deduce the
impact of factors unique to offline grocery stores, such as the presence of WIC logos and allocated
shelf space.

To quantify the impacts of WIC status on market shares by channel, we consider the event
study models to illustrate how WIC contract changes affect market shares in in-store markets and
online markets. In particular, we estimate the following regression for in-store market shares and

online market shares.

m
share; s = Z Yi,jDist—j + 0 + s + 0 + €5t (1)

Jj=-m
where share; s is the market share of manufacturer type 7 in state s at month ¢. There are three

types of manufacturers (i € {previous, next, never}). If i = previous, then the manufacturer holds

24Throughout the paper, we occasionally use the terms shelf space, retail visibility, retail exposure, and retail
environment interchangeably. Our empirical design identifies the broader retail channel through which WIC contracts
affect consumer demand, including product prominence, shelf allocation, inventory requirements, and other in-store
merchandising practices. Because we do not directly observe these individual inputs, the analysis does not separately
identify the contribution of each component.
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Figure 6: WIC Logos in Grocery Stores

e

Note: Source: Panel A: Business Insider (2020), ”Foods like peanut butter, cheese, and eggs might have a "WIC’
label in your grocery store.” Panel B: PHFE WIC (2025), ”Need WIC Shopping Help? Send Someone You Trust.”

Figure 7: Event Study Results: In-store vs. Online, Regular Size
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Note: Panel (a) shows the event study coefficients for the in-store market shares, while Panel (b) shows online
market shares. Source: Numerator, auction data from USDA, 2018-2025.

the WIC contract before the contract change, if ¢ = next, the manufacturer holds the new WIC
contract, and if ¢ = never, then the manufacturer does not hold the WIC contract. Next, D; s;_; is
a dummy variable that indicates for event month j. That is, the event (”a contract change”) occurs
j months before this observation’s calendar time. The coefficients after the event has occurred (v; ;
for j > 0) capture the dynamic effects of the treatment. The standard errors are clusterd at the
state level 29

Figures [7| report the estimated coefficients, where for panel (a), we use the in-store market
shares, while for panel (b), we use the online market shares. We find that the in-store market share

of the previous contract holder decreases by 50% in the in-store category, while the market share

25The results are robust to the inclusion of the manufacturer-state fixed effects, the manufacturer-time fixed effects.
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Figure 8: Event Study Results: In-store vs. Online, Bulk Size
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Note: Panel (a) shows the event study coefficients for the in-store market shares, while Panel (b) shows online
market shares. Source: Numerator, auction data from USDA, 2018-2025.

of the new contract holder increases by 50% when the contract changes. The market share of the
manufacturer that does not have a WIC contract before and after the contract change remains the
same. By contrast, we do not find any systematic patterns for the online market shares as in panel
(b). Thus, we confirm that the patterns we show in the previous subsection generally hold.

In Figure [§) we report the estimated coefficients of equation where the market shares are
calculated within the bulk size category. As in Figure |7} panel (a) uses the in-store market shares
while panel (b) uses the online market shares. Both figures illustrate that market shares do not
respond to the contract change in both categories. Since bulk-size products are not eligible for
WIC anyway, consumers may not be exposed to WIC logos when ineligible consumers purchase
bulk-size products.

Because equation [1| pools contract changes that occur in different states at different times, two-
way fixed-effects estimates can be biased when treatment effects vary across cohorts or over time.
We therefore re-estimate the event study using the Callaway and Sant’Anna/ (2021)) estimator, which
compares treated states only with states whose contracts have not (yet) changed. The estimates
are nearly identical to those in Figure[7] Thus, the demand spillover is not an artifact of staggered

treatment timing. Detailed results are reported in the Online Appendix.

Logo and Shelf Space We next investigate whether retail visibility or WIC labeling plays the
more important role in generating demand spillovers. The analysis above shows that the retail
environment is an important channel through which WIC contracts affect non-WIC households.

However, the comparison between online and offline purchases does not separately distinguish the
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effects of increased retail visibility from those of WIC logos displayed in stores. Distinguishing
between these channels is important for both policy and management. WIC logos are regulated
by the USDA and may convey institutional endorsement, whereas retail visibility reflects retailers’
merchandising decisions, such as shelf allocation and product prominence.

To distinguish between these channels, we exploit the fact that only WIC-authorized retailers
are permitted to display WIC logos, whereas unauthorized retailers are not. Households that shop
exclusively at WIC-authorized retailers are therefore exposed to both WIC logos and any accom-
panying changes in retail visibility. In contrast, households that shop exclusively at unauthorized
retailers are not exposed to WIC logos, although they may still experience changes in retail vis-
ibility. Unauthorized retailers may nevertheless adjust shelf allocation or product prominence in
response to broader changes in demand for the WIC brand following a contract change. Conse-
quently, comparing these two shopping environments allows us to assess whether demand spillovers
require direct exposure to WIC labeling or instead arise more broadly through retail visibility.

We identify WIC-authorized retailers using administrative data from the USDA, which directly
records store-level authorization status. Table [7] reports the number of WIC-authorized and unau-
thorized retailers both in the full USDA retailer universe and in the subset of stores observed in
the Numerator data. In the full sample of retailers, roughly 35-40% of stores are WIC-authorized
throughout the sample period. In the Numerator sample, the fraction is somewhat higher, around
45-50%, reflecting the fact that larger grocery retailers are more likely to both participate in WIC
and appear in the transaction data.

The relatively limited share of WIC-authorized retailers implies that WIC exposure varies sub-
stantially across shopping environments. Some households shop primarily in WIC-authorized stores
and are therefore exposed to both WIC-related shelf space and WIC labeling, while others shop in
stores that are not authorized to participate in the program. We exploit this cross-retailer variation
to distinguish between the effects of retail exposure and WIC logos in shaping demand spillovers
among non-WIC households.

We first examine where non-WIC households shop. A substantial share (35%) of non-WIC
households shop exclusively at WIC-unauthorized retailers, while a smaller group shops exclusively
at WIC-authorized retailers (17%). Hence, there is substantial variation in the extent to which
non-WIC households are exposed to WIC-related retail environments.

We also compare purchasing behavior between households who shop exclusively at WIC-authorized

retailers and those who shop exclusively at non-WIC retailers. We find that households shopping
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Table 7: WIC Authorized Stores

Year #Stores #WIC-Authorized #WIC-Unauthorized Fraction WIC-Authorized
Panel (A): All Stores

2018 54,153 19,622 34,531 0.36
2019 54,313 20,283 34,030 0.37
2020 51,403 17,517 33,886 0.34
2021 55,469 19,903 35,566 0.36
2022 65,574 25,698 39,876 0.40
2023 64,384 25,111 39,273 0.39
2024 62,855 24,270 38,585 0.38
2025 35,477 13,893 21,584 0.39
Panel (B): Numerator Sample Stores
2018 18,384 8,629 9,755 0.47
2019 19,958 9,183 10,775 0.46
2020 19,391 8,930 10,461 0.46
2021 20,140 9,716 10,424 0.48
2022 22,946 11,390 11,556 0.50
2023 22,847 10,837 12,010 0.47
2024 22,575 10,464 12,111 0.46
2025 15,720 7,540 8,180 0.48

Note: The table reports the annual number of retailers observed in the purchase data and the number that are
authorized to accept WIC benefits. WIC authorization status is obtained from state WIC agency retailer lists. The
final column reports the fraction of retailers that are WIC-authorized in each year.

Source: USDA and Numerator data 2018-2025.
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exclusively at WIC-authorized retailers are more likely to purchase WIC-brand products. Although
these distributions alone are not sufficient to establish causal effects, the patterns suggest that dif-
ferences between WIC-authorized and unauthorized retailers—such as the presence of WIC logos
or differences in retail visibility—may influence household purchase behavior.

We further show that both non-WIC households who do and do not see the WIC logo increase
their purchases for a particular manufacturer when that manufacturer becomes the WIC supplier.
As in Section [3] we examine states in which a new manufacturer replaces the incumbent WIC
manufacturer during 2018-2025. Figure [9a] shows manufacturers’ share of regular-size purchases
among non-WIC households who exclusively shop in WIC retailers, and who therefore see both the
WIC logo and increased shelf space. Prior to the contract change, the incumbent WIC supplier
enjoys a high share of around 60%, while the future WIC supplier holds a share of around 20%.
After the new WIC supplier takes up the contract, its share quickly increases to around 60%, while
the former WIC supplier’s share drops to around 20%.

Figure [9b] shows a broadly similar purchasing pattern among non-WIC households who exclu-
sively shop in non-WIC retailers and are therefore not directly exposed to WIC logos. Although
these households do not observe WIC labeling, their purchases still shift substantially toward the
new WIC supplier following the contract change. This pattern suggests that broader retail exposure
mechanisms, such as changes in product prominence and shelf allocation, play a more important

role than WIC logos in generating the observed spillover effects.

Figure 9: Share of ineligible household purchases by manufacturer and retailer type

(a) Exclusive shopping in WIC retailers
(b) Exclusive shopping in non-WIC retailers
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Notes: The figure reports market shares of regular-size infant formula purchases by manufacturer across retailer
types and WIC authorization status.
Source: USDA and Numerator data 2018-2025.
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Another limitation of the retail-channel analysis is that we do not directly observe shelf-space
allocation or the complete set of products available at each retailer. Some retailers may not carry
all infant formula brands because of capacity constraints or local assortment decisions, implying
that observed demand shifts may partly reflect changes in product availability rather than retail
prominence alone. To address this concern, we conduct robustness checks restricting the analysis
to large retailers that are more likely to carry the full set of major national brands. The results
remain qualitatively similar, suggesting that incomplete assortment is unlikely to fully explain
the estimated retail exposure effects. We report the results of the robustness check in the online

appendix.

Hospital Channel Previous literature has proposed that hospitals could drive increased sales of
the WIC supplier’s products among ineligible households. The Government Accountability Office
found that free formula samples given to new mothers upon discharge (“discharge packs”) affected
both WIC and non-WIC households’ formula consumption (GAO, 2006). Because half of infants
will use the WIC contract brand, hospitals may provide this brand to new mothers so that they
do not need to switch brands after leaving the hospital. However, hospitals may provide the WIC
contract brand to all mothers, regardless of whether they are eligible for the program (Oliveira et
al., [2011), as they may continue to use the same brand’s infant formula after discharge. Figure
provides examples of industry-sponsored hospital samples and advertising that emphasize the
brand’s provision in hospitals.

We leverage data on discharge packs and formula provision from the national survey of Maternity
Practices in Infant Nutrition and Care (mPINC). About every two years, the Center of Disease
Control invites all US hospitals with maternity services to participate. The response rate is high;
in 2024, 2,070 of 2,657 eligible hospitals participated (78%)@

Identifying the hospital channel empirically is substantially more challenging than identifying
the retail channel. First, it is extremely difficult to observe where each baby was born. We therefore
proxy hospital exposure using the hospital geographically closest to each household. Because some
households may give birth at hospitals farther from their residence, this matching procedure may
introduce measurement error in hospital exposure variables, potentially attenuating the estimated
effects. Second, it is also challenging to observe which infant formula brand each hospital provides

to new mothers. Although the mPINC data contain information on whether hospitals distribute

2Chttps://www.cdc.gov/breastfeeding-data/mpinc/national-report.html

28



Figure 10: WIC Sample Bag in Hospitals

Similac

#1 Brand Fed in Hospitals

Note: Panel (a) shows an example of a hospital formula sample for new mothers. Panel (b) shows an image of an
advertisement for Abbott’s brand.

Source: Similac, ”MySimilac Rewards 2026: Formula Coupons Free Samples,” Abbott Laboratories. Image
reproduced from the official Similac website and accessed in June 2026.

discharge packs or assist with WIC appointments, they do not identify the manufacturer associated
with those practices. As a result, our analysis cannot directly measure household-level exposure to
a specific WIC contract brand through hospitals.

We next leverage variation in the hospitals closest to non-participants and whether those hos-
pitals provide formula samples or refer patients to WIC. Table [J] compares the demographic char-
acteristics of non-WIC households who differ in whether their nearest hospital provides a discharge
pack with infant formula samples or helps make appointments to obtain WIC benefits. Households
whose nearest hospital provides formula samples have less income, are less educated, and are more
likely to be white. Household income is positively associated with whether the nearest hospital
helps make WIC appointments.

Figure [L1] shows that the probability that a purchase involves a WIC product is broadly similar
among households regardless of whether their nearest hospital provides formula samples or helps
mothers make WIC appointments. Figure in the appendix shows that this pattern also holds
within household income terciles.

The spillover effect is more likely driven by the retailer channel rather than the hospital channel.
Figure shows that the probability of purchasing the WIC brand is similar among households
regardless of whether their nearest hospital provides formula samples or helps mothers make WIC

appointments. Figure in the appendix shows that this pattern holds within household income
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Table 8: The number of hospitals by hospital characteristics

Hospital Type Number of Hospitals Share
None 785 0.311
Baby friendly 160 0.063
Discharge pack 580 0.230
WIC appointments 486 0.192
Baby friendly, Discharge pack 17 0.007
Baby friendly, WIC appointments 171 0.068
WIC appointments, Discharge pack 313 0.124
Baby-friendly + WIC + pack 13 0.005

Note: The table reports the number of hospitals with their status.
Source: mPINC data 2018-2022.

Table 9: Comparison of purchasers’ demographics by hospital characteristics

Hospital Type Fraction of Households Income College Black Hispanic Asian White
None 0.597 102,154 0.82  0.07 0.10 0.08 0.71
Baby friendly 0.034 105,613 0.86  0.07 0.10 0.08 0.72
Discharge pack 0.119 95,584  0.80 0.06 0.07 0.06 0.79
WIC appointments 0.135 103,905 0.83  0.07 0.09 0.09 0.71
Baby friendly, Discharge pack 0.005 111,590  0.85 0.11 0.05 0.03  0.78
Baby friendly, WIC appointments 0.039 96,620  0.80 0.10 0.08 0.08 0.70
WIC appointments, Discharge pack 0.068 99,367  0.82  0.05 0.06 0.06  0.80
Baby-friendly + WIC + pack 0.002 106,479  0.77  0.08 0.03 0.04 0.70

Note: The table compares the demographics of non-WIC households by whether their nearest hospital provides a
discharge pack with infant formula samples or helps make appointments to obtain WIC benefits.
Source: Numerator data 2018-2025, mPINC data 2018-2022.

terciles. Figure [12| shows that the probability of purchasing the WIC brand differs more between
in-store and online purchasers than between purchasers who live near hospitals that do and do not
provide discharge packs with formula. Figure in the appendix shows that this pattern holds

within household income terciles.

5 Demand Analysis

5.1 Discrete Choice Model of Infant Formula

In this section, we estimate a unified discrete choice model to quantify the relative importance
of the mechanisms behind the WIC demand spillover. The model includes both regular-size and
bulk-size infant formula products, allowing us to distinguish between the segment directly affected

by the WIC program and the broader infant formula market within a single framework.
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Figure 11: Probability of WIC purchase by hospital characteristics
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Note: Figure compares the fraction of non-WIC households that purchase the WIC
brand among those whose nearest hospital neither provides discharge packs containing
formula nor helps make WIC appointments, only provides discharge packs containing
formula, only makes WIC appointments, or both. Purchases are limited to
regular-sized purchases that are the households’ first purchase of infant formula. 95%
confidence intervals are shown.

Source: Numerator data 2018-2025.

This distinction is central to our analysis. WIC benefits apply only to regular-size products,
and the program directly changes their retail environment through voucher eligibility, minimum
stocking requirements, and associated changes in product visibility. Consequently, the estimated
effects for regular-size products capture the primary mechanism through which WIC influences
consumer demand. Bulk-size products, in contrast, are not eligible for WIC redemption. Any
estimated effects for these products therefore reflect spillovers beyond the directly treated segment,
such as broader changes in brand perceptions or retail responses that extend across product sizes.

For the discrete choice analysis, we focus on each household’s first observed infant formula
purchase. This specification isolates the initial brand choice before repeated purchases introduce
dynamic considerations such as state dependence, habit formation, inventory accumulation, and
switching costlel The estimated parameters should therefore be interpreted as determinants of
consumers’ initial brand choice rather than their long-run purchasing behavior. As a robustness
check, the Online Appendix re-estimates the model using all purchase transactions and obtains
qualitatively similar results.

We model consumer choice over the combined set of regular-size products (Jg) and bulk-size

products (Jp) within a unified discrete choice framework. This specification allows WIC exposure

27 As shown in Section the average number of brands a household purchases is 1.6.
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Figure 12: Probability of WIC purchase by hospital characteristics and purchase method
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Note: Figure compares the fraction of non-WIC households that purchase the WIC brand among

those whose nearest hospital neither provides discharge packs containing formula nor helps make

WIC appointments, only provides discharge packs containing formula, only makes WIC

appointments, or both. The left panel shows the purchases made in store. The right panel shows

the purchases made online. Purchases are limited to regular-sized purchases that are the

households’ first purchase of infant formula. 95% confidence intervals are shown.

Source: Numerator data 2018-2025.
to affect the utility of regular-size products directly while also permitting spillovers to bulk-size
products through changes in brand preferences or the retail environment. The utility that household

1 derives from product j is given by

Uijst = Ojst + ﬂ; pricejs + /BZV pricejs X WICstores + ﬂ;,VW pricejg x nonWICstoreg
+ WICbrand;
+~4W WICbrand; x WICstoreg + ANV WICbrand; x nonWICstoreg (2)
+n WICbhulkj + 1" WICbulk; x WICstoreg + 0™V WICbulk; x nonW ICstores

+ WICbrand; x Hiy™ + WICbulk; x Hin™ + i,

where j € Jgp U Jp. The term ;5 captures mean utility and includes brand-size-specific inter-
cepts (e.g., Abbott regular and Mead Johnson bulk), allowing baseline preferences to vary across
both manufacturers and package sizes. The coefficient Bf, captures household-specific price sensi-

tivity, while the interaction terms allow price responsiveness to differ across retail environments@

28Price endogeneity is unlikely to drive our main results. Prices are posted retail prices observed at the transaction
level, not household-specific negotiated prices or market-level averages. Our baseline model also uses households’ first
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In particular, WIC'stores is an indicator for purchases made at WIC-authorized retailers, while
nonW ICstoreg is an indicator for purchases made at retailers that are not authorized to accept
WIC benefits 2]

The indicator WI1Cbrand; equals one if product j is produced by the current WIC contract
manufacturer, regardless of package size. The indicator WI1Cbulk; equals one if product j is
both produced by the current WIC contract manufacturer and sold in the bulk-size category.
The interaction terms with retailer type allow the effects of WIC designation to differ between
WIC-authorized and unauthorized retailers. Finally, H;s is a vector of hospital-related exposure
variables, including whether the household’s nearest hospital provides infant formula samples, has
Baby-Friendly status, or assists with WIC appointments.

The idiosyncratic utility component €;; is assumed to follow a Type I extreme value distribu-
tion, yielding the standard mixed logit choice probabilities. To capture unobserved heterogeneity,
we allow random coefficients on price and WICbrand;, permitting households to differ in both
price sensitivity and preferences for products manufactured by the current WIC supplierﬂ

We model households’ product choices conditional on purchasing infant formula and therefore
do not include an outside option. The model is intended to capture substitution across formula
products, which is the primary margin affected by changes in the WIC supplier and the associated
retail environment. Thus, the specification does not assume that households cannot substitute away
from infant formula; rather, the extensive margin of whether to purchase formula lies outside the
model. Accordingly, the demand elasticities and counterfactual substitution patterns below should

be interpreted as conditional on a formula purchase 1]
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Table 10: Discrete Choice Model Estimates: Both sizes

@ B
(Intercept):Abbott_bulk 0.362*** 0.364***
(0.056) (0.056)
(Intercept): Abbott_regular 0.422%** 0.421***
(0.059) (0.059)
(Intercept):MJ_bulk 1.005%** 1.004***
(0.055) (0.055)
(Intercept):MJ _regular 0.627*** 0.628***
(0.059) (0.059)
(Intercept):Nestle_bulk —1.337*** —1.331%**
(0.067) (0.067)
(Intercept):Nestle_regular —1.1171%** —1.118***
(0.076) (0.076)
(Intercept):Store_bulk 0.204*** 0.206***
(0.054) (0.054)
price —1.533*** —1.529***
(0.021) (0.021)
WICbrand 0.419*** 0.266***
(0.066) (0.077)
WICbrand:WICstore 0.375%** 0.618***
(0.055) (0.071)
WICbrand:nonWICstore 0.220*** 0.324%***
(0.053) (0.069)
WIC_bulk —0.514*** —0.221%***
(0.033) (0.081)
WIC_bulk:WICstore —0.497***
(0.083)
WIC_bulk:nonWICstore —0.196**
(0.081)
WICbrand:baby _fre_hosp 0.059 0.058
(0.042) (0.042)
WICbrand:hospital_sample 0.080** 0.079**
(0.031) (0.031)
WICbrand:WIC _appointments —0.003 —0.003
(0.029) (0.029)
WICbrand:Nestle 1.034*** 1.036***
(0.084) (0.084)
WICbrand:Abbott —0.098 —0.096
(0.062) (0.062)
sd.price 0.253*** 0.253***
(0.014) (0.014)
sd.WICbrand 0.029 0.026
(0.089) (0.089)
Included Stores All All
Observations 22,065 22,065
R? 0.115 0.115
Log Likelihood —35,528.890 —35,496.510

Notes: The table reports parameter estimates from the regular and bulk-size infant formula discrete choice model
under alternative fixed-effect specifications. Across columns, we vary the set of controls for product and retailer
heterogeneity while maintaining the same underlying utility specification.

*¥:p < 0.01, ¥*:p < 0.05, and *:p < 0.10.
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5.2 Estimation Results

Table reports the parameter estimates from the demand model. We first note that the price
coefficient is negative and precisely estimated, indicating substantial price sensitivity. The mean
own price elasticity is -1.9. The estimated standard deviation of the random price coefficient is
also positive and statistically significant, implying considerable heterogeneity in households’ price
responsiveness.

Turning to the WIC-related variables, we find strong evidence that becoming the WIC contract
manufacturer substantially increases product utility among non-WIC households. The baseline
utility premium associated with the WIC contract brand is positive and statistically significant.
Moreover, this premium is considerably larger at WIC-authorized retailers than at non-WIC re-
tailers: the interaction coefficient with WIC-authorized stores is 0.618, compared with 0.324 at
non-WIC retailers. This pattern is consistent with the retail mechanism proposed in the previous
section, whereby WIC contracts increase the visibility and prominence of the contract brand, par-
ticularly in WIC-authorized stores. We will investigate the economic magnitude of those coefficients
in the next subsection.

We next examine whether these effects extend to bulk-size products, which are not eligible for
WIC redemption. The coefficient on WICbulk; is negative, indicating that the WIC premium is
substantially attenuated for bulk products. The implied utility premium for WIC bulk products
equals the sum of the coefficients on WI1Cbrand; and WI1Cbulk;, which is approximately 0.266 —
0.221 = 0.045 in column (2)@ Thus, while the WIC contract generates a small positive spillover
to bulk products, the effect is much smaller than for regular-size products. This finding suggests

that the demand spillover is concentrated in the product category directly affected by the WIC

observed infant formula purchase, before retailers are likely to have information about household-specific formula
preferences. In addition, the key WIC effects are identified from state-level contract changes in the identity of the
WIC supplier, while prices change little around these transitions relative to the large market-share shifts we observe.
Finally, prices enter the model as controls; we do not conduct price counterfactuals or welfare exercises that rely on
treating prices as fully exogenous.

29In principle, variation in WIC authorization status and contract assignments within retailers over time could help
isolate changes in retail exposure while holding fixed store-specific characteristics. However, our demand specification
does not include retailer fixed effects because the large number of retailers and products would introduce an infeasibly
large number of parameters in the structural estimation. As a result, the model combines both cross-sectional and
time-series variation across retail environments.

30We estimated a version of the discrete choice model with a correlation between these two random coefficients.
We found the correlation is not statistically significant.

31In Online Appendix, we show the evidence that the total purchase amount is not associated with a contract
change.

321f the WIC-winning brand’s bulk products enjoyed no demand spillover from the subsidized regular product —
i.e., were treated as an ordinary non-WIC brand — the probability of purchasing a bulk infant-formula product would
be 2.2% (1.38 pp) lower.”
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program.

Finally, we find little evidence that hospital-related mechanisms contribute substantially to the
demand spillover. None of the hospital interaction terms are economically large, and only the
coefficient on hospital-provided formula samples is marginally signiﬁcant@ By contrast, the retail
interaction terms are consistently large and precisely estimated, reinforcing the conclusion that
changes in the retail environment rather than hospital exposure are the primary mechanism behind
the spillover. Likewise, while households exhibit substantial heterogeneity in price sensitivity, we
find little evidence of meaningful heterogeneity in preferences for WIC contract brands, as the
estimated standard deviation of the random coefficient on WICbrand; is small and statistically
insignificant.

A natural concern is that these hospital estimates are attenuated by measurement error, since
we observe whether a hospital provides formula but not which brand it provides; we show in
Appendix that they are not. An indicator for purchasing any branded (non-store) product is
likewise unrelated to a household’s hospital formula-sample, Baby-Friendly, and WIC-appointment
measures, confirming that the hospital channel is small even on the coarse branded-versus-store

margin, where the brand-identity problem is absent.

5.3 Accounting Exercise

While the parameter estimates from the demand model provide evidence on the direction and
statistical significance of the WIC-related mechanisms, they are less informative about the quanti-
tative importance of these mechanisms in generating the large market share shifts observed in the
data. To assess the aggregate implications of the estimated model, we run a series of simulations
around the timing of WIC contract changes. These simulations allow us to quantify how much of
the observed market share reallocation can be attributed to WIC-induced demand spillovers and
to the underlying retail exposure mechanisms.

Figure [13| presents a simulation based on the estimated demand model in which the WIC effect
is entirely removed. Using the estimated parameters from the demand model, we simulate market
shares around the timing of WIC contract changes after setting all WIC-related utility components
to zero, while holding prices and other product characteristics fixed.

The figure compares the simulated market share paths for the previous WIC supplier, the new

33The pseudo R? with and without those hospital variables are essentially the same, implying the hospital variables
do not explain consumer behavior.
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WIC supplier, and the never-WIC manufacturer. In the observed data, market shares shift sharply
after the contract change, with the new WIC supplier gaining substantial share and the previous
supplier experiencing a corresponding decline. In contrast, once the WIC effect is removed, these
market share reallocations become much smaller.

The simulation indicates that the large market share movements observed following WIC con-
tract changes are primarily driven by the WIC-induced demand spillover rather than by baseline
brand preferences or price differences alone. Absent the WIC effect, the model predicts relatively
stable market shares around the contract transition.

Figure presents the simulation results in which the shelf-space channel is removed while all
remaining components of the WIC effect are left unchanged@ Relative to the baseline data, the
market share response to WIC contract changes becomes substantially smaller once the effects of the
WIC authorized stores to be 0. In particular, the increase in market share for the new WIC supplier
is much more muted, while the decline for the previous WIC supplier is correspondingly attenuated.
The market share of the never-WIC manufacturer remains largely unchanged throughout the event
window.

These results indicate that retail shelf allocation and related in-store visibility mechanisms
account for a large share of the observed spillover effect. Although some demand reallocation
remains even after removing the shelf-space channel, the magnitude of the response is substantially
reduced, implying that changes in retail prominence are a central driver of consumers’ switching
behavior following WIC contract changes.

Finally, Figure presents a stronger counterfactual exercise in which the effects of both WIC
authorized and unauthorized stores to be 0. Under this scenario, market shares become even more
stable around the contract transition. Relative to panel (b), the additional removal of the WIC
effect leads to only modest incremental changes in predicted market shares.

This pattern suggests that WIC logos and institutional labeling play at most a limited role in
generating the demand spillover. Instead, the results are more consistent with the view that broader
retail visibility mechanisms—particularly shelf allocation and in-store product prominence—are the
dominant forces behind the substantial market share shifts observed after WIC contract changes.
The findings are also consistent with the reduced-form evidence in Section 5 showing that households
shopping in non-WIC-authorized retailers, where WIC logos are absent, still exhibit substantial

switching toward the WIC contract brand following contract changes.

34In particular, we set the coefficients related to WIC authorized stores to be 0.
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Discussion One limitation of our analysis is that we condition on the retailer visited by the
household and therefore treat store choice as exogenous to product choice. If households with
stronger preferences for WIC brands systematically sort into particular retail environments, part
of the estimated retail exposure effect could reflect endogenous store selection rather than causal
effects of in-store visibility alone.

Several features of the empirical setting mitigate this concern. First, our identification primar-
ily relies on within-store-type changes around the timing of exogenous WIC contract transitions
rather than purely cross-sectional comparisons across retailers. Second, the estimated effects are
concentrated in the regular-size segment directly affected by the WIC program, while the bulk-size
segment exhibits substantially weaker responses. Third, many households purchase through multi-
ple retail channels over time, including both online and offline environments, reducing the likelihood
that the results are driven entirely by fixed household-level shopping preferences. Finally, the ro-
bustness checks controlling for household demographics and restricting attention to large retailers
yield qualitatively similar results. More generally, conditioning on the observed retailer is standard

in much of the empirical consumer choice literature.

5.4 Robustness Checks

We conduct a series of robustness checks to assess the sensitivity of our findings to alternative sample
definitions, measurement issues, and identification assumptions. The detailed results are reported
in the Online Appendix. Across all specifications, the qualitative conclusions remain unchanged:
retail exposure effects remain substantially larger than hospital-related effects, supporting the in-

terpretation that the retail environment is the primary mechanism behind the observed spillovers.

Abbott Recall One concern is that the nationwide Abbott infant formula recall beginning in
February 2022 may have altered purchasing patterns independently of the WIC program. To
address this concern, we re-estimate the demand models after excluding the recall period. The
results remain qualitatively similar, suggesting that the estimated spillover effects are not driven

by temporary disruptions associated with the recall.

All Purchase Records Our baseline specification focuses on households’ first infant formula
purchase in order to minimize the influence of state dependence, habit formation, and inventory

accumulation. As a robustness check, we re-estimate the models using all purchase records. The
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results remain broadly consistent with the baseline estimates.

Store Capacity Because we do not directly observe shelf-space allocation or complete product
assortments, an alternative explanation of our results is that the estimated effects reflect differences
in product availability rather than retail prominence. To address this concern, we restrict the
analysis to large retailers that are more likely to carry the full set of major national brands. The

estimated spillover effects remain similar in magnitude and significance.

Selection on Observables Households that shop online, shop at WIC-authorized retailers, or are
exposed to different hospital environments differ systematically in observable characteristics such as
income, education, and race. We therefore augment the demand model with detailed demographic
controls and interaction terms. The estimated retail exposure effects remain economically and

statistically significant after controlling for these characteristics

Store Heterogeneity WIC-authorized and unauthorized retailers may differ in ways that are
unrelated to WIC status. To account for unobserved store heterogeneity, we follow the approach of
Bonhomme et al.| (2022) and approximate high-dimensional store fixed effects by clustering retailers
based on sales and WIC authorization status. The results remain robust to the inclusion of these

cluster-based controls for store heterogeneity.

Store Choice One concern is that households may systematically sort into different retail en-
vironments. For example, households with a stronger preference for WIC brands may be more
likely to shop at WIC-authorized retailers, causing the estimated retail effects to partly reflect
consumer selection rather than differences in the retail environment. To address this concern, we
allow the effects of shopping at WIC-authorized and unauthorized retailers to vary flexibly across
latent household types. Specifically, following Bonhomme et al. (2022), we cluster households based
on their purchase patterns to approximate unobserved household heterogeneity, and interact these
household-cluster fixed effects with the WIC-store and non-WIC-store indicators. This specifica-
tion absorbs persistent differences in households’ shopping behavior while preserving identification

from changes in the retail environment. The results remain qualitatively unchanged.
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6 Conclusion

The mechanisms underlying the WIC program’s spillover effects on ineligible households have re-
mained a puzzle since the early 2000s. In this paper, we combine data on online and offline
purchases, hospital provision of infant formula samples, and the timing of WIC contract changes
to isolate the roles of retail and hospital environments in shaping ineligible households’ purchasing
decisions. We show that the physical retail environment plays a central role: expanded shelf space
for the WIC-designated product substantially increases demand among non-WIC shoppers, with
effects far larger than those of WIC logos. In contrast, we find little evidence that hospital-provided
formula samples meaningfully contribute to the spillover. These findings have direct implications
for current policies governing the use of the WIC logo, minimum in-store stocking requirements,
and restrictions on hospital distribution of formula samples.

More broadly, our findings highlight the importance of understanding how public procurement
programs interact with retail environments and firm incentives in concentrated consumer goods
markets. While our analysis documents substantial spillovers operating through physical retail
exposure, fully characterizing the equilibrium interaction between manufacturers, retailers, and
consumers remains an important direction for future research. In particular, a richer equilibrium
framework could model how manufacturers optimally bid for WIC contracts, how retailers ad-
just product prominence and inventory allocation in response to expected WIC demand, and how
consumers update consideration sets across shopping environments. Such a framework could help
quantify the long-run implications of procurement policy for competition, retail organization, and

market concentration.
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Appendix

A More Descriptive Evidence on the Retail Channel

A.1 Share Regression

To quantify the magnitude of the share changes beyond what would be expected from price changes,
Table examines the shares of non-participating households’ purchases of formula in ounces that

are captured by each manufacturer in each state and month, controlling for prices as follows.

Sharejme = Bo+Bw x WICim+ Y Byx WIC)my xb+Bp X pricejme+my(j) + 1+ Ejme. (3)
be{MJ,Nestle}

Here, WICj, is an indicator for the WIC status, b is an indicator for each brand (Abbott is
excluded), pricejy, is the unit price. The model also controls for brand and time fixed effects.

Column 1 focuses on regular-sized products and shows that a manufacturer’s share increases by
30 percentage points after becoming the WIC supplier. For Abbott, the reference manufacturer,
shares increase from 44% to 75% after becoming the WIC manufacturer, while Nestle (Mead John-
son) starts with slightly lower (higher) shares when not supplying WIC. Column 2 allows the effect
of supplying WIC to differ across manufacturers and estimates that becoming the WIC manufac-
turer increases Abbott and Mead Johnson’s shares by 29 percentage points from baselines of 46%
and 51%, while Nestle’s shares increase by 35 percentage points from a baseline of 40%. The results
suggest that prices do not fully reflect market share effects due to the WIC status.

One may be concerned that the gain in market share is driven not by consumers’ preferences
for the WIC supplier’s products but by changes in choice sets induced by stores carrying a manu-
facturer’s products only when they are the WIC supplier. Columns 3 and 4 address this concern
by limiting the set of stores to “big stores” that sell all three premium brands. We find roughly
the same spillover effect, suggesting that the spillover effect is not purely driven by unavailability
of non-WIC products.

The spillover effect is smaller but still present for bulk-sized products. Columns 5 and 6 show
that supplying WIC increases a manufacturer’s share of bulk-sized products by 4-10 percentage
points. The effect is particularly strong for Nestle, which experiences an increase of 10 percentage

points from a baseline of 44%. Although changes in choice set are less of a concern here because
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Table A.1: Market share regression

Dependent variable: Manufacturer share

(1) 2) (3) 4) (5) (6) (7) (8)
WIC 0.344**  0.317"*  0.316"**  0.289***  0.058***  0.058***  0.056™*  0.056™**
(0.006)  (0.012)  (0.007)  (0.013)  (0.006)  (0.010)  (0.006)  (0.010)
WIC*MJ 0.062*** 0.058*** 0.001 0.001
(0.020) (0.021) (0.016) (0.016)
WIC*Nestle 0.005 0.021 -0.008 -0.004
(0.023) (0.025) (0.021) (0.021)
MJ 0.025*** -0.004 0.045%** 0.018 -0.013** -0.013 -0.008 -0.008
(0.007)  (0.012)  (0.007)  (0.013)  (0.006)  (0.010)  (0.006)  (0.010)
Nestle 01617 0168 01417 -0.153**  -0.212°  -0.210"*  -0.212***  -0.211**
(0.010) (0.014) (0.011) (0.016) (0.008) (0.010) (0.008) (0.011)
Store -0.111%*  -0.126™**  -0.087***  -0.102***  0.032***  0.033***  0.040***  0.040***
(0.010) (0.011) (0.010) (0.012) (0.008) (0.009) (0.008) (0.009)
Price -0.013**  -0.013** -0.016™* -0.016** 0.007 0.008 0.002 0.002
(0.006) (0.006) (0.006) (0.006) (0.009) (0.009) (0.010) (0.010)
Included sizes Regular  Regular  Regular  Regular Bulk Bulk Bulk Bulk
Included stores All All Big Big All All Big Big
Observations 5623 5623 5198 5198 8757 8757 8419 8419
Adjusted R? 0.627 0.627 0.595 0.595 0.357 0.357 0.368 0.368

Note:

*p<0.1; *p<0.05; **p<0.01

Note: The dependent variable is a brand’s share in a particular state and month. Additional regressors include
state, year, and month dummies. Abbott is the excluded category. Regular size refers to 12-16 oz and bulk size
refers to containers larger than 16 oz. Big stores are retailers where all three branded infant formula were sold.

bulk products are not eligible for WIC vouchers, for completeness, in columns 7 and 8, we limit
analyses to stores carrying all three brands to again confirm that the gain in market share is not

driven by the unavailability of a manufacturer’s products when they are not the WIC supplier.

A.2 Online Regression

We further examine the differences in shopping patterns between offline and online transactions.
First, we run the following regression to see (i) whether consumers are less likely to purchase WIC
brand products online compared to offline, and (ii) the extent to which incorporating consumer
fixed effects alters the coefficient related to the online transactions. The first objective seeks to
validate the event study results previously discussed, confirming the observed trend. The second
objective aims to understand how consumer behavior, po tentially influenced by knowledge of WIC

brands acquired in physical stores, varies in online settings.

WICy = By + B1Onliney + BoBulky + X[y + €.
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In the model, WIC}; is a dummy variable for whether a household purchases WIC brand’s product
or not, Online;; is a dummy variable for whether the transaction is online or not, bulk;; is a dummy

variable for whether a household buys a bulk-size product, and X; is the vector of household

characteristics.
Table A.2: Online WIC Purchase
(1) (2) (3) (4) (5)
Online -0.0770**  -0.0764™**  -0.0341***  -0.0340*** -0.0045*
(0.0035) (0.0035) (0.0028) (0.0028) (0.0024)
Unit price -0.0014*** -0.0002***  -0.0007***
(0.0001) (0.0001) (0.0001)
Bulk -0.0666***
(0.0023)
Manufacturer No No No No Yes
User No No Yes Yes Yes
Year Yes Yes Yes Yes Yes
R-squared 0.0038 0.0054 0.0012 0.0013 0.0117
No. observations 126246 126246 126246 126246 126246

Note: The dependent variable is whether a transaction includes WIC brand infant formula.
Standard errors in parentheses.
* p <0.10, ** p < 0.05, *** p < 0.01

Table presents the results of our analysis, where each column incorporates a different set of
fixed effects, either manufacturer fixed effects, household fixed effects, or both. The data reveals a
couple of notable trends: Firstly, the coefficient on Online;; is consistently negative and statistically
significant across all specifications. This strongly supports the observation that consumers are less
likely to purchase WIC brand products during online shopping.

Secondly, when household fixed effects are included in the model, the absolute value of the online
coefficients becomes smaller. This implies that consumers who are possibly aware of which brands
are supported by WIC, based on their offline shopping experiences, may still prefer WIC brand
products in online shopping. This trend indicates that consumers’ brand preferences, potentially

developed in physical stores, could influence their online purchasing decisions.
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B Robustness of the Event Study to Staggered Contract Timing

The event-study regressions in Section 3] pool 27 WIC contract changes that occur in different states
at different times. A recent econometric literature shows that in such staggered-adoption designs,
two-way fixed-effects (TWFE) estimators recover a weighted average of treatment effects in which
some weights can be negative: states treated early implicitly serve as controls for states treated
later, so if treatment effects vary across cohorts or evolve with time since treatment, the TWFE
event-study path can be biased. This appendix assesses whether our results are affected, using the
estimator of (Callaway and Sant’Annal (2021)), which is robust to this problem by construction.
Figure plots the CS event-study path for the new and former WIC suppliers alongside the
baseline TWFE path. The two estimators are nearly indistinguishable. Hence, we conclude that

the demand spillover documented in Section [3]is not an artifact of staggered treatment timing.

C More Descriptive Evidence on Hospital Channel

C.1 State-level Variation in Discharge Packs Regulation

To identify whether hospital infant formula samples are driving the WIC spillover effect, we look
into various sources. First, we use variation in whether hospitals provide formula samples to new
mothers upon discharge. We first compare the probability of purchasing the WIC brand in states
that have begun and have not begun eliminating the practice of providing infant formula samples
to new mothers. Sadacharan et al. (2011]) identify the 10 states with the best and worst records
in eliminating infant formula samples as of 2007. In the 10 best record states, 18% to 43% of
hospitals had eliminated formula samples, while in the 10 worst record states, 0%-1% of hospitals
had eliminated formula samples. Since nearly all hospitals in the worst record states provide
formula samples, if hospital-provided formula samples cause non-WIC households to purchase the
WIC brand, we would expect non-WIC households in these states to purchase the WIC brand at a
higher rate than non-WIC households in the states that have eliminated hospital-provided formula
samples.

Table compares the demographic characteristics of non-WIC households who differ in
whether their state provides a discharge pack with infant formula samples. Households living
in states that provide formula samples have less income, are more likely to be black, and are less

likely to be Asian. Table compares the purchase characteristics of these non-WIC households.
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Households living in states that provide formula samples are less likely to purchase bulk-size con-
tainers.

Table C.3: Comparison of purchaser’s demographics by state’s hospital characteristics

State Type Fraction of Households Income College Black Hispanic Asian White
Top 10 states with discharge packs 0.19 98,021 0.79 0.11 0.14 0.06 0.65
Top 10 states w/o discharge packs 0.16 101,800  0.82 0.05 0.17 0.16  0.57
Other 0.66 95,368  0.79  0.09 0.07 0.05 0.75

Note: The table compares the demographics of non-WIC households by whether they live in one of the top 10
states that have eliminated formula samples in 2007 (WA, MN, CA, VT, MA, WI, NM, NH, OR, RI) or one of the
top 10 states that continue to provide formula samples in 2007 (AR, DC, MD, MS, NJ, OK, SD, WV, TA, TX).
Source: Numerator 2018-2025.

Table C.4: Comparison of purchases by purchaser’s state’s hospital characteristics

State Type Cans Purchased Total Spent  Duration (days) Bulk
Top 10 states with discharge packs 9.55 311.23 270.54 0.73
Top 10 states w/o discharge packs 10.84 348.98 283.98 0.78
Other 10.13 324.82 276.50 0.74

Note: The table compares the purchases of non-WIC households by whether they live in one of the top 10 states
that have eliminated formula samples in 2007 (WA, MN, CA, VT, MA, WI, NM, NH, OR, RI) or one of the top 10
states that continue to provide formula samples in 2007 (AR, DC, MD, MS, NJ, OK, SD, WV, IA, TX).

Source: Numerator 2018-2025.

We find that households in states that provide discharge packs are not much more likely to
purchase the WIC contract brand than the households in states that have begun eliminating formula
samples. Figure compares the fraction of non-WIC households that purchase the WIC brand
in 10 states that began eliminating infant formula hospital discharge packs and 10 states that have

not eliminated them.

C.2 Hospical Effects on Purchasing Any Premium Brands

Our discrete-choice specification allows the utility of the WIC-contracted brand to vary with char-
acteristics of the household’s hospital — whether the hospital distributes infant-formula discharge
packs, helps schedule WIC appointments, or holds a Baby-Friendly designation — and the esti-
mated hospital effects are modest. A natural concern is that these estimates are attenuated by
measurement error. We observe whether a hospital distributes formula, but not which brand it
distributes. Because the influence of a discharge pack is spread across whichever brands a hospi-
tal happens to stock, a brand-by-brand specification can understate the hospital’s total effect on

formula choice.
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We assess this with a specification that does not require knowing the brand a hospital dispenses.
Hospitals stock nationally branded formula and do not distribute private-label (”store”) brands.
If the hospital channel meaningfully steers households toward the formula they first encountered
around birth, it should raise the probability that a household’s first purchase is a branded (non-
store) product, whatever the specific brand. We therefore estimate a linear probability model of
NonStore; on a hospital characteristic H; (or the full set of three), demographics X;, and state and
first-purchase-year fixed effects, on non-WIC (income-ineligible) households, one observation per
household, with standard errors clustered by state.

Table reports the estimates. None of the three hospital characteristics predicts branded-
brand purchasing. Entered individually (columns 1-3), jointly (column 4), or jointly with demo-
graphic controls (column 5), the discharge-pack, WIC-appointment, and Baby-Friendly coefficients
are small and insignificant; in the full specification they are +0.003, —0.006, and —0.002, and
each 95% confidence interval lies within roughly two percentage points of zero against a baseline
non-store share of 0.79. The specification is not underpowered: demographics enter strongly, with
Black, Hispanic, and Asian households three to eight percentage points more likely to buy a branded
product than otherwise-similar white households.

These precisely estimated zeros indicate that the limited role of the hospital channel is not
merely an artifact of our not observing which brand a hospital dispenses: even on the coarse
branded-versus-store margin, where the brand-identity problem is absent, hospital characteristics
do not move formula choice among non-WIC households. One source of attenuation remains —
the hospital measures are proxies, assigned from the household’s linked hospital rather than a
verified record that a given mother received a discharge pack, so measurement error in treatment

(as distinct from brand) could still bias these estimates toward zero.

D Robustness Checks

This appendix presents additional robustness checks for the empirical analysis. To conserve space,
we report only the robustness results for the discrete choice model, which constitutes the main
quantitative analysis of the paper. Across all robustness exercises, the qualitative conclusions
remain unchanged: retail exposure effects remain substantially larger than hospital-related effects,
and the results continue to support the importance of in-store retail mechanisms in generating the

observed spillovers.
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Table C.5: Hospital characteristics and the probability of buying a non-store (branded) product at

first purchase

(1) (2) (3) (4) (5)
Discharge kit 0.0024 0.0022 0.0028
(0.0062) (0.0062) (0.0062)
WIC appointments —0.0048 —0.0048 —0.0063
(0.0064) (0.0065) (0.0065)
Baby-friendly hospital —0.0009  0.0005 —0.0015
(0.0086) (0.0088) (0.0084)
Income ($100k) —0.0224***
(0.0060)
Household size —0.0021
(0.0025)
College or more —0.0105*
(0.0054)
Black 0.0754***
(0.0073)
Hispanic 0.0305**
(0.0141)
Asian 0.0400**
(0.0162)
Demographics No No No No Yes
State FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 21,824 21,824 21,824 21,824 21,824
R? 0.008 0.008 0.008 0.008 0.013

Notes: Linear probability models on non-WIC (income-ineligible) households, one observation per household. The
dependent variable equals one if the household’s first observed purchase is a non-store (branded: Abbott, Mead
Johnson, or Nestlé) product rather than a private-label store brand. Discharge kit, WIC appointments, and
Baby-friendly hospital are indicators for the household’s linked hospital (mPINC items G5-A1 and E7_A2, and
Baby-Friendly USA designation, respectively). All columns include state and first-purchase-year fixed effects.
Standard errors clustered by state in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01.
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D.1 Excluding Abbott Recall Periods

First, we re-estimate the model after excluding the period affected by the Abbott infant formula
recall beginning in February 2022. The recall generated substantial disruptions in supply and
purchasing patterns nationwide, raising the concern that the estimated WIC effects could partly
reflect temporary shortages or substitution patterns induced by the recall rather than the WIC

program itself. The results remain qualitatively similar after excluding the recall period.

D.2 All Purchase Records

Second, we estimate the model using all purchase observations rather than restricting the analysis
to households’ first infant formula purchase. Our baseline specification focuses on first purchases
in order to minimize the role of dynamic considerations such as state dependence, habit formation,
or inventory accumulation. Including all purchases provides a robustness check for whether the
estimated spillover effects persist once repeat purchasing behavior is incorporated into the analysis.

The results remain broadly consistent with the baseline specification.

D.3 Capacity Contraints

Third, we re-estimate the model using only large retailers. One limitation of the retail-channel
analysis is that we do not directly observe shelf-space allocation or the complete set of products
available at each retailer. Smaller retailers may not carry all infant formula brands because of
capacity constraints or local assortment decisions, implying that observed demand shifts could
partly reflect differences in product availability rather than retail prominence alone. Restricting
the analysis to large retailers mitigates this concern because these retailers are more likely to carry
the full set of major national brands and therefore provide a more complete observed choice set.

The estimated retail exposure effects remain qualitatively similar in this restricted sample.

D.4 Selection on Observables

Finally, we examine whether the results are sensitive to potential selection concerns arising from
differences in household characteristics across shopping environments. As documented in the de-
scriptive statistics, households that shop online, shop at WIC-authorized retailers, or are exposed
to different hospital environments differ systematically in demographics such as income, education,

and race. To assess whether the estimated spillover effects are driven by such compositional differ-
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Table D.6: Regular size - Abbott recall period excluded - All stores

(1) (2) 3) (4)
(Intercept):Abbott_regular 0.308™**  0.428"**  0.313"**  0.435"**
(0.066) (0.077) (0.067) (0.077)
(Intercept):MJ_regular 0.399"**  0.426™**  0.401***  0.429***
(0.068) (0.078) (0.068) (0.078)
(Intercept):Nestle_regular —1.050"*" —1.461*"*" —1.048""* —1.460"*"
(0.092) (0.104) (0.093) (0.104)
price —0.856""* —0.859"** —0.349"** —0.344***
(0.042)  (0.040)  (0.126)  (0.123)
price:WICstore —0.651""* —0.661"*"
(0.139) (0.136)
price:nonWICstore —0.486""* —0.494***
(0.133) (0.130)
WICproduct 0.570*** 0.586™"* 0.666™"* 0.688***
(0.113)  (0.134)  (0.118)  (0.138)
WICproduct:WICstore 0.546™** 0.493*** 0.425"** 0.364"**
(0.116)  (0.113)  (0.120)  (0.117)
WICproduct:nonWICstore 0.324*** 0.301"** 0.241** 0.214*
(0.112)  (0.109)  (0.117)  (0.114)
WICproduct:baby _fre_hosp 0.038 0.013 0.034 0.010
(0.087) (0.085) (0.088) (0.086)
WICproduct:hospital_sample 0.051 0.030 0.047 0.025
(0.062) (0.061) (0.063) (0.062)
WICproduct:WIC_appointments ~ —0.025 —0.037 —0.028 —0.041
(0.059) (0.058) (0.059) (0.058)
WICproduct:Nestle 1.135*** 1.138***
(0.159) (0.160)
WICproduct:Abbott —0.190 —0.192
(0.156) (0.157)
sd.price 0.261***  0.257***  0.305™**  0.301***
(0.025) (0.024) (0.030) (0.030)
sd.WICproduct 0.454*** 0.282 0.463"** 0.292*
(0.160)  (0.174)  (0.162)  (0.175)
Included Stores All All All All
Observations 6,074 6,074 6,074 6,074
R? 0.226 0.232 0.229 0.235

Log Likelihood

—4,973.926 —4,936.709 —4,952.152 —4,914.440

51



Table D.7: Both sizes - Abbott recall period excluded - All stores

(5) (6) (M (8)
(Intercept):Abbott_bulk 0.527*** 0.581*** 0.529*** 0.584***
(0.057) (0.060) (0.057) (0.060)
(Intercept):Abbott_regular 0.276*** 0.374*** 0.278*** 0.376***
(0.061) (0.063) (0.061) (0.063)
(Intercept):MJ_bulk 0.990*** 0.982*** 0.993*** 0.984***
(0.057) (0.059) (0.057) (0.059)
(Intercept):MJ_regular 0.417*** 0.442%** 0.417*** 0.441***
(0.061) (0.064) (0.061) (0.064)
(Intercept):Nestle_bulk —1.128***  —1.350*** —1.121*** —1.343***
(0.073) (0.075) (0.073) (0.075)
(Intercept):Nestle_regular —0.987***  —1.387*** —0.981*** —1.381***
(0.079) (0.090) (0.079) (0.090)
(Intercept):Store_bulk 0.370*** 0.357*** 0.376*** 0.362%**
(0.058) (0.058) (0.058) (0.058)
price —1.166*** —1.180*** —0.843*** —0.862***
(0.021) (0.021) (0.057) (0.057)
price:WICstore —0.242***  —(0.232***
(0.063) (0.063)
price:nonWICstore —0.419***  —0.415***
(0.059) (0.059)
WICproduct 0.358*** 0.354*** 0.268*** 0.269***
(0.075) (0.082) (0.077) (0.084)
WICproduct:WICstore 0.635%** 0.605*** 0.709*** 0.675%**
(0.075) (0.075) (0.078) (0.078)
WICproduct:nonWICstore 0.346*** 0.332%** 0.464*** 0.446***
(0.073) (0.073) (0.076) (0.076)
WIC_bulk —0.355***  —0.316*** —0.287*** —0.250***
(0.085) (0.085) (0.086) (0.086)
WIC_bulk_-WICstore —0.426*** —0.428*** —0.480*** —0.480***
(0.087) (0.087) (0.089) (0.089)
WIC_bulk_-nonWICstore —0.179** —0.181**  —0.271***  —0.271***
(0.085) (0.085) (0.086) (0.086)
WICproduct:baby_fre_hosp 0.058 0.043 0.057 0.042
(0.045) (0.045) (0.045) (0.045)
WICproduct:hospital_sample 0.100*** 0.089*** 0.100*** 0.089***
(0.033) (0.033) (0.033) (0.033)
WICproduct: WIC_appointments  —0.018 —0.025 —0.018 —0.024
(0.031) (0.031) (0.031) (0.031)
WICproduct:Nestle 1.136%** 1.135%**
(0.095) (0.095)
WICproduct:Abbott —0.132** —0.134**
(0.066) (0.066)
sd.price 0.170*** 0.171%** 0.180*** 0.180***
(0.013) (0.013) (0.014) (0.014)
sd.WICproduct 0.080 —0.012 0.078 —0.015
(0.093) (0.094) (0.093) (0.094)
Included Stores All All All All
Observations 19,089 19,089 19,089 19,089
R? 0.103 0.106 0.103 0.106
Log Likelihood —30,761.600 —30,669.150 —30,745.840 —30,653.440
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Table D.8: Both sizes - All Purchase Records - All stores

(1) (2) () (4)
(Intercept):Abbott_bulk 0.658"**  0.675"**  0.654"**  0.672"""
(0.031)  (0.032)  (0.031)  (0.032)
(Intercept):Abbott_regular 0.198***  0.257***  0.192***  0.253*""
(0.033)  (0.035)  (0.033)  (0.035)
(Intercept):MJ_bulk 1.147***  1.165"**  1.142***  1.160"*"
(0.031)  (0.032)  (0.031)  (0.032)
(Intercept):MJ_regular 0.464™**  0.521***  0.456™**  0.512**"
(0.033)  (0.034)  (0.033)  (0.034)
(Intercept):Nestle_bulk —1.015"** —1.215"** —1.016™** —1.217"*"
(0.039)  (0.040)  (0.039)  (0.040)
(Intercept):Nestle_regular —0.828"** —1.188"** —0.831*** —1.192***
(0.043)  (0.048)  (0.043)  (0.048)
(Intercept):Store_bulk 0.574***  0.563***  0.572"**  0.561"""
(0.031)  (0.031)  (0.031)  (0.031)
price —1.122"** —1.135"** —1.039"** —1.061""*
(0.011)  (0.011)  (0.025)  (0.025)
price:WICstore 0.033 0.046
(0.029)  (0.029)
price:nonWICstore —0.172"** —0.164™""
(0.027)  (0.027)
WICproduct 0.110"** 0.043 0.086™" 0.024
(0.035)  (0.039)  (0.036)  (0.039)
WICproduct:WICstore 0.837***  0.803"**  0.837***  0.799"**
(0.035)  (0.035)  (0.036)  (0.036)
WICproduct:nonWICstore 0.440™**  0.421"**  0.491***  0.470"**
(0.034)  (0.034)  (0.035)  (0.035)
WIC_bulk —0.180""* —0.138™** —0.167"** —0.127"*"
(0.038)  (0.038)  (0.038)  (0.038)
WIC_bulk_WICstore —0.596""* —0.593*** —0.589"** —0.583"*"
(0.040)  (0.040)  (0.040)  (0.040)
WIC_bulk_nonWICstore —0.188"** —0.186™*" —0.222*** —0.219"**
(0.038)  (0.038)  (0.038)  (0.038)
WICproduct:baby _fre_hosp 0.113***  0.097***  0.114"*  0.098"**
(0.023)  (0.023)  (0.023)  (0.023)
WICproduct:hospital_sample —0.013 —0.018 —0.013 —0.019

(0.017)  (0.017)  (0.017)  (0.017)

WICproduct: WIC_appointments  0.029* 0.020 0.030" 0.020
(0.016)  (0.016)  (0.016)  (0.016)

WICproduct:Nestle 1.228*** 1.228"**
(0.052) (0.052)
WICproduct: Abbott 0.005 0.001
(0.034) (0.034)
sd.price 0.218***  0.218"**  0.236***  0.236"**
(0.008) (0.008) (0.009) (0.009)
sd.WICproduct 0.155*** 0.069 0.155*** 0.070
(0.049) (0.049) (0.049) (0.049)
Included Stores All All All All
Observations 70,503 70,505 70,505 70,505
R? 0.103 0.106 0.103 0.106

Log Likelihood —111,486.9 —111,180.6 —111,445.3 —111,138.1




Table D.9: Both sizes - Abbott recall period included - Big stores

€] ©) 3) (4)
(Intercept):Abbott_bulk 0.896*** 0.209** 0.896*** —0.079
(0.084) (0.082) (0.084) (0.081)
(Intercept):Abbott_regular 2.520%** 0.994*** 2.519*** 1.439***
(0.088) (0.086) (0.088) (0.087)
(Intercept):MJ_bulk 2.978*** 1.469*** 2.976%** 1.823***
(0.085) (0.082) (0.085) (0.084)
(Intercept):MJ_regular 2.922%** 1.327*** 2.920*** 2.078%**
(0.088) (0.087) (0.088) (0.090)
(Intercept):Nestle_bulk 0.210** —1.154*** 0.211** —1.344***
(0.099) (0.095) (0.099) (0.096)
(Intercept):Nestle_regular 1.036***  —0.763***  1.037***  —0.585***
(0.098) (0.103) (0.098) (0.101)
(Intercept):Store_bulk 1.214%** 0.364*** 1.214%** —0.062
(0.087) (0.079) (0.087) (0.080)
price —4.623***  —2.486*** —4.470*** —3.409***
(0.087) (0.046) (0.218) (0.169)
price:WICstore —0.055 —0.098
(0.224) (0.178)
price:nonWICstore —0.221 —1.359***
(0.216) (0.173)
WICproduct 0.400** 0.375** 0.383** —0.004
(0.157) (0.150) (0.157) (0.207)
WICproduct:WICstore 0.547*** 0.531*** 0.555%** 0.553***
(0.159) (0.142) (0.159) (0.200)
WICproduct:nonWICstore 0.310** 0.282** 0.337** 0.639***
(0.156) (0.139) (0.156) (0.196)
WIC_bulk —0.172 —0.229 —0.155 0.162
(0.179) (0.162) (0.179) (0.174)
WIC_bulk_-WICstore —0.552***  —0.536*** —0.558*** —0.552***
(0.185) (0.168) (0.185) (0.180)
WIC_bulk_-nonWICstore —0.317* —0.245 —0.344*  —0.650***
(0.181) (0.164) (0.181) (0.176)
WICproduct:baby_fre_hosp 0.119 0.088 0.119 0.094
(0.083) (0.075) (0.083) (0.118)
WICproduct:hospital_sample 0.111* 0.035 0.112* 0.080
(0.060) (0.055) (0.060) (0.085)
WICproduct: WIC_appointments 0.028 0.001 0.028 —0.038
(0.055) (0.050) (0.055) (0.078)
WICproduct:Nestle 1.139*** 1.415%**
(0.121) (0.170)
WICproduct:Abbott —0.151 —0.156
(0.105) (0.128)
sd.price 2.908***  —0.770%**  2.912%** 1.728%**
(0.078) (0.025) (0.078) (0.040)
sd.WICproduct —0.050 —0.193 —0.051 —1.890***
(0.143) (0.144) (0.143) (0.166)
Included Stores Big Big Big Big
Observations 8,682 8,682 8,682 8,682
R? 0.205 0.167 0.205 0.172
Log Likelihood —12,884.330 —13,494.790 —12,883.180 —13,413.230

o4



ences, we re-estimate the model including household demographic controls and interactions. The
estimated coefficients remain qualitatively similar after controlling for these household characteris-
tics, suggesting that selection on observable demographics is unlikely to fully explain the estimated

retail exposure effects.

Table D.10: Both sizes - Abbott recall period included - All stores - Household Characteristics

Coef. S.E.
WICproduct: WIC_appointments —0.007 (0.029)
Coef. S.E. WICproduct:baby _fre_hosp 0.056 (0.043)
(Intercept):Abbott_bulk —0.050 (0.173) WICproduct:College 0.019 (0.121)
(Intercept):Abbott_regular 0.432*** (0.060) WICproduct:High_School 0.089 (0.125)
(Intercept):MJ_bulk 0.593*** (0.173) WICproduct:Advanced —0.103 (0.125)
(Intercept):MJ_regular 0.635*** (0.059) WICproduct:Mid_income —0.135 (0.107)
(Intercept):Nestle_bulk —1.731***  (0.177) WICproduct:High_income —0.241** (0.111)
(Intercept):Nestle_regular —1.112***  (0.077) WICproduct:Hispanic 0.212%** (0.052)
(Intercept):Store_bulk —0.205 (0.172) WICproduct:Asian 0.055 (0.057)
i WICproduct:Black 0.232%** (0.054)
price —1.1927*  (0.149) WICproduct:Other 0.092 (0.078)
price:WICstore —0.285"  (0.061) WICproduct:Nestle 1.038***  (0.085)
price:nonWICstore —0.437***  (0.058) WICproduct: Abbott —0.088 (0.063)
price:College 0.120 (0.076)
price:High_School 0.125* (0.076) WIC_ bulk —0.153* (0.082)
price:Advanced 0.271*** (0.080) WIC_bulk_WICstore —0.561***  (0.085)
price:Mid_income —0.204* (0.120) WIC_bulk_nonWICstore —0.290***  (0.083)
price:High_income —0.054 (0.125) College:isbulk 0.357*** (0.124)
price:Hispanic —0.195*** (0.064) High_School:isbulk 0.285** (0.128)
price:Asian 0.278*** (0.042) Advanced:isbulk 0.383*** (0.129)
price:Black 0.193*** (0.043) Mid_income:isbulk 0.043 (0.112)
price:Other 0.595%** (0.050) High_income:isbulk 0.259** (0.118)
Hispanic:isbulk —0.018 (0.057)
WICproduct 0.287 (0.176) Asian:isbulk 0.317***  (0.063)
WICproduct:WICstore 0.678*** (0.074) Black:isbulk —0.236*** (0.056)
WICproduct:nonWICstore 0.426*** (0.073) Other-isbulk 0.053 (0.082)
WICproduct:hospital_sample 0.083*** (0.032)
sd.price 0.309*** (0.016)
sd.WICproduct —0.010 (0.089)
Included Stores All
Observations 21,811
R? 0.121
Log Likelihood —34,872.440

First, the estimated WIC spillover effects remain economically large and statistically significant
even after controlling for detailed household characteristics. Across both all-store and big-store
specifications, the coefficient on WICproduct is positive, and the interaction terms with WICstore
are substantially larger than those with nonWICstore. This pattern indicates that the spillover
effect is strongest in WIC-authorized retailers, supporting the interpretation that retail exposure
and in-store visibility are central mechanisms behind the spillovers. The effects remain positive even

in non-WIC stores, suggesting that cross-store shopping behavior also contributes to spillovers.
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Second, the interactions with household demographics reveal meaningful heterogeneity in re-
sponsiveness to WIC exposure. The spillover effects tend to be stronger among Hispanic and Black
households, while the interactions for high-income households are negative. This pattern is consis-
tent with the idea that lower-income or demographically closer households may be more exposed
to WIC-related retail environments or more responsive to retail visibility associated with WIC
products. By contrast, education interactions are generally small and statistically insignificant,
suggesting that the spillover is not primarily driven by differences in educational attainment.

Third, the evidence for alternative mechanisms outside retail exposure remains weak. The
coefficients related to hospital practices are generally small and statistically insignificant across
specifications. This contrasts sharply with the large and precisely estimated retail interaction
terms. Overall, the results reinforce the interpretation that shelf-space and retail-environment
effects are the dominant mechanism behind the observed spillovers rather than hospital exposure
or information provision alone.

Finally, the price coefficients imply substantial heterogeneity in price sensitivity across demo-
graphic groups. Lower education groups and Hispanic households tend to be more price sensitive,
while Asian and Black households exhibit lower price sensitivity in several specifications. Impor-
tantly, however, the inclusion of these rich household-level interactions does not materially alter
the estimated WIC spillover effects, suggesting that the baseline findings are not driven by omitted

household composition differences.

D.5 Store Heterogeneity

The last set of robustness checks are concerned about our assumption that the store choice by
consumers are exogenous. However, WIC authorized stores and WIC unauthorized stores may be

different beyond the WIC authorization status. To control for unobser

D.6 Store Heterogeneity

The final robustness check addresses the concern that WIC-authorized and WIC-unauthorized
retailers may differ along dimensions other than their authorization status. For example, authorized
retailers may systematically differ in size, customer composition, product assortment, or other
unobserved characteristics that could be correlated with consumer demand. If so, the estimated
WIC effects may partly reflect cross-store differences rather than differences in retail exposure

induced by the WIC program.
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To address this concern, we exploit variation within retailers over time. Intuitively, this ap-
proach compares changes in demand within the same retailer as WIC contract status changes,
thereby controlling for time-invariant store characteristics. An empirical challenge, however, is
that estimating a discrete choice model with retailer fixed effects requires a very large number of
fixed effects. Following the idea of Bonhomme et al.| (2022), we approximate the high-dimensional
fixed-effect structure by clustering retailers using k-means based on retailer sales and WIC autho-
rization status. We then include cluster-by-store-type-by-product fixed effects in the discrete choice
model.

Table reports the results. The estimated retail-channel effects remain economically large
and statistically significant. In particular, the coefficients on WICproduct :WICstore and WICproduct :nonWICstore
remain positive and similar in magnitude to the baseline specification. These findings suggest that
the main results are not driven by unobserved differences between WIC-authorized and unautho-
rized retailers and continue to support the importance of retail exposure in generating the observed
spillovers.ved heterogeneity across stores, we exploit the variation across time within each retailer.
An empirical challenge of using this variation in the estimation of the discrete choice model is there
are too many fixed effects to estimate. Hence, we use the idea of Bonhomme et al.| (2022). More
precisely, we cluster retailers based on sales and WIC authorization status using k-means clustering
and include cluster fixed effects to the discrete choice model. Table reports the results. We

find that the main results remain robust to the inclusion of the store fixed effects.

E Additional Event Study

Figure [E.5| examines whether WIC contract changes are associated with changes in overall formula
purchase volume. The figure plots total formula ounces purchased per formula-buying household-
month, pooling across manufacturers and across regular and bulk package sizes. The series is
relatively stable around the event date. Thus, the manufacturer-level reallocation documented in
the main event-study figures does not appear to reflect a large increase in total formula quantity

purchased among observed formula-buying households.

F  Online Product Displays Across States

Our comparison between online and in-store purchases assumes that online retailers do not sys-

tematically promote the WIC contract brand based on the customer’s location. This assumption
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Table D.11:

Both sizes - Store Type FE

(5)

(6)

Main variables

price

WICproduct
WICproduct:WICstore
WICproduct:nonWICstore
WICproduct:hospital_sample
WICproduct: WIC_appointments
WICproduct:baby_fre_hosp
WIC_bulk
WIC_bulk_-WICstore
WIC_bulk_nonWICstore
WICproduct:Nestle
WICproduct:Abbott

sd.price

sd.WICproduct

—1.502*** (0.021)
0.399*** (0.101)
0.446*** (0.108)
0.275*** (0.106)
0.094*** (0.031)
0.009 (0.029)
0.078* (0.042)
—0.309** (0.124)
—0.308"* (0.135)
—0.238* (0.131)

0.253*** (0.015)
0.112 (0.089)

—1.516"** (0.021)
0.393*** (0.106)
0.388*** (0.108)
0.246** (0.106)
0.083*** (0.031)
0.002 (0.029)
0.063 (0.042)
—0.283** (0.124)
—0.297** (0.135)
—0.223* (0.131)
1.026*** (0.084)
—0.095 (0.062)
0.253*** (0.015)
0.027 (0.090)

Observations

Sales Cluster x Store Type x Product FE

Log Likelihood

22,065
Yes
—35,266.670

22,065
Yes
—35,171.870

would be questionable if online retailers used the customer’s state to place the locally designated
WIC brand in a more prominent position. In that case, online shoppers could also be exposed

to a state-specific retail environment, making the online channel a less useful comparison for the

physical retail channel.

To examine this possibility, we conducted a descriptive audit of infant formula search results at
Walmart, Target, and Amazon. Before each search, we cleared the browser history, cookies, cached
files, autofill information, and site permissions, and then opened a private browsing session. We
used a virtual private network to access each retailer’s website from different states and searched

for “infant formula.” The states differed in the identity of the WIC contract manufacturer at the

time of the audit.
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Figure 13: Event Study Results under Counterfactual Scenarios
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Notes: The figure reports simulated market shares under alternative counterfactual scenarios based on the
estimated discrete choice model. The baseline scenario reproduces observed market shares, while counterfactual
scenarios remove or alter specific mechanisms associated with the WIC program. Market shares are computed using
regular-size infant formula purchases.

Source: Numerator data, 2018-2025.
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Figure B.1: Callaway—Sant’Anna and TWFE event-study estimates of the effect of WIC contract
changes on non-WIC households’ market shares

Notes: The solid lines report Callaway—Sant’Anna (2021) dynamic average treatment effects on the market share of
the new (left panel) and former (right panel) WIC supplier among non-WIC households, by months since the
contract change; shaded regions are simultaneous 95% confidence bands based on a multiplier bootstrap clustered
by state. The grey dashed lines reproduce the baseline TWFE event-study path from Section 4. Shares are of
regular-size, in-store dollar sales, on a 0—1 scale, normalized to zero in the month before the change. Source:
Numerator data and USDA contract data, 2018-2025.

Figure C.2: Probability of WIC purchase by state hospital characteristics

0.7 1
0.6 -
0.5 -
0.4 -
0.3 -

0.2 -

Probability purchased WIC

0.1~

0.0 - ] g
Top 10 states w/o discharge packs Top 10 states with discharge packs

Note: Figure compares the fraction of non-WIC households that
purchase the WIC brand in 10 states that began eliminating infant
formula hospital discharge packs and 10 states that have not
eliminated them. Purchases are limited to regular-sized purchases
that are the household’s first purchase of infant formula. 95%
confidence intervals are shown.

Source: Numerator 2018-2025.
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Figure C.3: Probability of WIC purchase by hospital characteristics and income
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Note: Figure compares the fraction of non-WIC households that purchase the WIC brand among those whose
nearest hospital neither provides discharge packs containing formula nor helps make WIC appointments, only
provides discharge packs containing formula, only makes WIC appointments, or both. The left, middle, and
right panels show purchases made by households in the bottom, middle, and top income tercile. Purchases are
limited to regular-sized purchases that are the households’ first purchase of infant formula. 95% confidence
intervals are shown.

Source: Numerator data 2018-2025.
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Figure C.4: Probability of WIC purchase by hospital characteristics, purchase method, and income
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Note: Figure compares the fraction of non-WIC households that purchase the WIC brand among those whose
nearest hospital neither provides discharge packs containing formula nor helps make WIC appointments, only
provides discharge packs containing formula, only makes WIC appointments, or both. The top three panels
show purchases made online and the bottom three panels show purchases made in store. The left, middle, and
right panels show purchases made by households in the bottom, middle, and top income tercile. Purchases are
limited to regular-sized purchases that are the households’ first purchase of infant formula. 95% confidence
intervals are shown.

Source: Numerator data 2018-2025.
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Total formula purchase volume around WIC contract changes
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Figure E.5: Total formula purchase volume around WIC contract changes

Notes: The figure plots total infant-formula purchase volume around WIC contract changes, measured as ounces
per formula-buying household-month. Event time is measured in months relative to the contract change date. The
sample includes all in-store formula purchases of known regular or bulk size in states with genuine WIC contract
changes after January 1, 2018, within a two-year window before and after each change. The solid line reports the
pooled household-month weighted mean in each event month. The shaded region shows approximate 95%
confidence intervals based on variation across state-event cells. The vertical line marks the contract-change month.
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Table F.12: Most prominent infant formula displayed in online search results

State Retailer ~ WIC Contract Brand Top Displayed Brand Match
Arizona Walmart Similac Enfamil No
Florida Walmart Similac Enfamil No
New Mexico Walmart Similac Enfamil No
Virginia Walmart Similac Enfamil No
Washington  Walmart Similac Enfamil No
California Walmart Enfamil Enfamil Yes
Colorado Walmart Enfamil Enfamil Yes
Georgia Walmart Enfamil Enfamil Yes
New York Walmart Enfamil Enfamil Yes
Texas Walmart Enfamil Enfamil Yes
Virginia Target Similac Bobbie No
California Target Enfamil Bobbie No
New York Target Enfamil Bobbie No
Texas Target Enfamil Bobbie No
Virginia Amazon Similac Similac Yes
California Amazon Enfamil Similac No
New York Amazon Enfamil Similac No
Texas Amazon Similac Similac Yes

Notes: Searches were conducted on July 17, 2026 after clearing browser history, cookies, cache, autofill in-
formation, and other stored browser data. Each search was performed in a private browsing session using a
VPN to access the retailer from different states. The table reports the manufacturer of the first prominently
displayed infant formula product returned by the search query “infant formula.” Overall, the identity of the
most prominent product appears largely invariant to the customer’s location and does not systematically follow
the state’s WIC contract manufacturer.
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Table [F.12)summarizes the results. For each state and retailer, the table reports the state’s WIC
contract brand and the brand occupying the most prominent position in the search results. The
most prominent displayed brand does not systematically correspond to the state’s WIC contract
brand. Instead, the identity of the top-displayed product tends to remain stable within a retailer
across states with different WIC contract manufacturers.

Figures F7 provide representative examples of the search results underlying Ta-
ble [F.12] The figure compares Walmart search results from Virginia, where Similac was the WIC
contract brand, and California, where Enfamil was the WIC contract brand. Despite the difference
in WIC contract assignments, the products shown in the most prominent positions are nearly iden-
tical across the two locations. In particular, Walmart does not appear to move the state-specific

WIC contract brand to the top of the search results.

(¢) New York, WIC = Enfamil (d) Texas, WIC = Enfamil

Figure F.6: Representative online search results across states - Walmart
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(a) California, WIC = Enfamil (b) New York, WIC = Enfamil

(¢) Texas, WIC = Enfamil (d) Virginia, WIC = Similac

Figure F.7: Representative online search results across states - Target

(c) Texas, WIC = Enfamil (d) Virginia, WIC = Similac

Figure F.8: Representative online search results across states - Amazon
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