


Figure 2.4 Monthly Volume Market Shares and Volume Weighted Average Monthly Prices
by Brand

Microwavable popcorn with no trans fat & no butter by brands
USA, 2006-2014
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2.4.2 Summary Statistics by State
In Figure 2.5, we further decompose and explore consumer preference for trans fat by region, as

defined by United States Census Bureau.”

7 Figure cited from https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
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Figure 2.5 Census Regions and Divisions of the United States
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Table 2.4 summarizes the average number of microwavable popcorn products available
annually in four regional areas.® For example, on average, 6 out of 30 microwavable popcorn
products offered in one northeastern state contained trans fats in 2008. Between 2006 and 2014,
the Northeast and West had fewer products available with trans fat than did the Midwest or the
South; this is also true for products with trans fat as a percentage of all products. This implies
that consumers in the Northeast and West were generally exposed to fewer microwavable

popcorn products with trans fat.

8 We assume that there was no change in the nutritional contents of the products. Unfortunately, no available
database allows us to observe the nutrition panels for all 77 products over time. Product reformulations were
possible after the 2006 trans fat labeling rule, but we were able to confirm limited, if any, changes in the nutrition
panel information for all 77 products using their historical websites.
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While the number of total products available regardless of region, experienced a slight
decrease in 2009 and 2010, the number of products with trans fats remained roughly the same for
all four regions. Due to the global 2008 financial crisis (when people were tight on budget and
less willing to spend money on snacks), it is possible that manufacturers temporarily cut down
the availability of some of their products, only a few of which had trans fat, suggesting that firms
consider products with trans fat to be potentially more profitable than other products. Consumers
did not show a strong preference for avoiding products with trans fat, even after the 2006
mandatory trans fat labeling rule.

Table 2.4 Average Number of Microwavable Popcorn Products with Trans Fat

Year Northeast Midwest West South
#All #TF % TF #All #TF % TF #All #TF % TF #All #TF % TF

2006 34 7 20.6 38 9 23.7 37 8 21.6 40 10 25.0
2007 34 6 17.6 39 9 23.1 37 8 21.6 39 10 25.6
2008 30 6 20.0 38 9 23.7 36 8 22.2 36 10 27.8
2009 27 5 18.5 35 9 25.7 31 8 25.8 32 9 28.1
2010 26 6 23.1 34 9 26.5 30 8 26.7 30 8 26.7
2011 30 6 20.0 35 9 25.7 33 7 21.2 35 9 25.7
2012 29 6 20.7 33 10 30.3 31 7 22.6 35 10 28.6
2013 31 6 19.4 37 10 27.0 36 8 22.2 38 11 28.9
2014 29 5 17.2 36 9 25.0 36 8 22.2 37 10 27.0

Table 2.5 shows the annual average number of microwavable popcorn products with
trans fat available in 49 states across all sample years. We observe variation in the number of
Products with trans fat in the Midwest and the South than in the Northeast and West. While the
Northeast states averaged 6 products with trans fat and Western states averaged almost 7
products with trans fat, the average number of products with trans fat in the Midwest and
Southern states varied between 6 and 12. Again, we notice that, on average, fewer microwavable
popcorn products and fewer products with trans fat were available in stores in the Northeast and

West than in the Midwest and the South. Similarly, the number of products with trans fat as a
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percentage of all available products was also lower in the Northeast and West than in the
Midwest and the South. Annual average percentages of products with trans fat all differed in four

Table 2.5 Average Number of Microwavable Popcorn with Trans Fat by State

Region State #All #TF % TF Region  State #All #TF % TF

CT 29 6 207 IA 3% 8 229
MA 20 6 207 I a4 12 213
ME 27 5 185 IN 41 12 203
NH 28 5 179 KS 31 8 258
ortrenst 33 6 182 M 37 12 324
NY 33 6 182 MN 3B 7 200
PA 36 7 194 Midwest MO 40 12 300
RI 27 6 222 ND 34 7 206
VT 2% 5 192 NE 3% 8 229
Average 30 6 200 OH 40 12 300
SD 2 7 219
AL 34 10 294 Wi 31 7 226
AR 40 12 300 Average 36 9 250
DC 28 6 214
DE 2 6 188 AZ 2 7 219
FL 29 6 207 CA 37 7 189
GA 41 12 203 co 34 7 206
KY 38 12 316 ID 3 8 229
LA 3 9 265 MT 32 8 250
MD 4 6 176 NM 32 8 250
South MS 38 12 316 West v 3% 8 222
NC 38 10 263 OR 34 7 206
oK 28 7 250 uT 3% 8 229
sc 3 10 278 WA 34 7 206
™ a1 12 293 WY 34 8 235
X 40 11 27.5 Average 34 7 20.6
VA 42 12 286

wv 38 11 28.9
Average 36 10 27.8

regions, depending on the total number of products. Michigan had the highest annual average
percentage (32.4%) of microwavable popcorn with trans fat, and Maryland had the lowest
(17.6%). Mississippi, Kentucky, and Arkansas in South and Ohio and Missouri in the Midwest
all had high annual average percentages (>30%) of products with trans fat. In comparison, many

Northeastern states—including New York, New Jersey, and New Hampshire—and one Western
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state—California—had low annual average percentages (<20%) of products with trans fat on the
market.

We also decompose monthly sales by volume of each type of microwavable popcorn by
state.? Table 2.6 shows that butter-flavored microwavable popcorn products without trans fat had
the highest average monthly sales, followed by butter-flavored products with trans fat, which
together made up over 80% of average sales by volume each month in all states. Similarly, non-
butter microwavable popcorn without trans fat had larger average monthly sales than non-butter
products with trans fat in all 49 states (by as little as 7.1% in Kentucky and as high as 965.1% in
Maine). More specifically, Western states had the highest average sales of butter-flavored
products with trans fat (2,374,200 oz.) and the highest average sales of non-butter products with
trans fat (345,500 oz.), whereas Midwestern states had the lowest average sales of butter-
flavored products with trans fat (3,536,600 0z.) and Northeastern states had the lowest average
sales of non-butter products with trans fat (110,500 oz.). Generally, we observe considerable
variation in average monthly sales within each region as well as across regions due to
demographics such as population For instance, given similar product offerings, Connecticut had
smaller average monthly sales of all four types of microwavable popcorn than neighboring
Massachusetts, as Massachusetts has twice as many residents. Among all states, average monthly
sales by volume of butter-flavored products with trans fat was the largest in California (more
than 18 million 0z.) sales by volume and smallest in Oklahoma (167,100 oz.). California also had

the largest average monthly sales by volume of non-butter products with trans fat (1,719,400 oz.)

9 While we decompose the volume-weighted average prices by product types and states, we see very limited
variation in volume-weighted average monthly unit prices both within regions and across regions. With very few
exceptions, we find butter-flavored products both with and without trans fat, on average, were priced lower than
their non-butter counterparts. In general, though some states had higher average monthly prices for products with
trans fat, and vice versa, the average monthly prices for butter-flavored products with and without trans fat were
very similar; the same was true for the average monthly prices for non-butter products with and without trans fat.
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and Oklahoma the smallest sales by volume (9,600 oz.). Consequently, we control for time and
state differences in our regression analysis.

Table 2.6 Average Monthly Microwavable Popcorn Sales by VVolume (1,000 Oz.) by
Category and State

region State No trans fat Trans fat Butter but Trans fat
& no butter but no butter no trans fat & butter
CT 3135 74.6 2,411.9 1,435.9
MA 1,060.7 81.9 7,632.1 3,569.4
ME 374.9 35.2 2,099.0 1,224.3
NH 518.2 38.9 3,161.5 1,743.0
Northeast NJ 669.1 179.9 5,731.5 3,465.5
NY 1,469.3 252.3 11,968.9 6,185.2
PA 1,611.8 301.7 9,048.9 8,080.9
RI 83.1 124 780.3 306.3
VT 136.4 17.4 641.0 445.0
Average 693.0 110.5 4,830.6 2,939.5
1A 713.7 238.8 3,770.8 1,977.8
IL 2,059.2 397.5 11,524.8 5,409.9
IN 822.8 478.0 4,570.0 2,223.7
KS 473.9 71.9 2,287.2 987.8
MI 913.2 255.9 5,399.8 2,281.0
MN 1,394.8 120.2 5,984.4 3,188.1
Midwest MO 504.5 124.5 2,450.2 1,008.3
ND 108.9 14.2 506.6 255.8
NE 351.9 76.3 1,676.0 825.9
OH 1,946.5 827.7 10,272.5 7,194.7
SD 142.4 35.3 669.6 397.4
Wi 894.1 74.8 4,208.3 2,739.7
Average 860.5 226.3 4,443.3 2,374.2
AZ 1,424.8 389.6 6,715.9 4,366.8
CA 8,138.2 1,719.4 30,566.8 18,810.0
Co 1,399.5 446.8 6,616.3 3,670.9
ID 233.9 80.2 933.2 691.3
MT 175.3 58.8 819.3 576.9
West NM 163.4 414 1,009.7 502.2
NV 485.8 130.8 2,572.2 1,505.1
OR 1,104.8 259.2 3,909.2 2,465.8
uT 370.0 142.5 1,569.8 1,035.5
WA 1,894.4 487.2 7,746.7 4,898.0
WY 113.0 449 581.9 379.6
Average 1,409.4 345.5 5,731.0 3,536.6
AL 329.4 43.1 1,610.3 1,051.1
AR 279.4 125.5 1,405.9 588.6
South DC 118.8 30.2 3915 341.6
DE 165.7 44,2 1,385.4 948.2
FL 1,754.9 151.9 10,472.8 5,686.4
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GA 1,478.1 348.2 7,658.8 4,205.0

KY 723.7 675.8 3,928.1 2,479.0
LA 476.8 95.2 2,478.7 1,099.7
MD 1,363.6 321.0 6,607.4 5,092.1
MS 243.4 102.1 1,214.5 500.1

NC 3,057.9 444.1 14,405.0 10,591.6
OK 1145 9.6 564.1 167.1

SC 1,018.8 119.8 4,861.2 3,449.3
TN 1,349.5 677.9 6,967.8 3,403.5
> 2,831.0 586.5 13,402.0 6,174.3
VA 2,515.9 499.1 11,749.7 7,958.9
wv 289.6 67.4 1,502.6 740.8

Average 1,065.3 255.4 5,329.7 3,204.5

2.5 Regression Model

To identify consumers’ preferences for trans fat, we assume that we observe N markets,
defined by the unique combination of week and state. In each market, n, there are J alternative
microwavable popcorn products and one aggregated outside option, j=0. The level of utility from
each choice in each market is denoted as Unj. We do not directly observe this utility, but we
know amount of trans fat (in grams) contained in each product, TFj, and some other product
attributes, xj, including brand, flavor, and nutrient content. Additionally, yeari and regionk are
indicator variables for year and region fixed effects, respectively. The coefficients of interest are
oo, the coefficient on the level of trans fat in Southern states in 2006; di, the coefficients on the
interaction between TFj and a year dummy (i = 2007, ..., 2014); Jk, the coefficients on the
interaction between TF;j and a region dummy (k = Northeast, Midwest, and West); and dik, the
coefficients on the interaction between TFj, a year dummy, and a region dummy. These
coefficients plot the progression of demand for products with trans fat over time and by region
relative to products without trans fat. The utility is assumed to be a linear function of these

observed factors and the unobserved idiosyncratic shock €,,;:
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Unj
= apyj + 6o TF; + zi d;year; x TF; + Zk5kregionk « TF;

+ Z 8;year; xregiony * TF; + Bx; + ydy,; + €,
ik

Vnj

= apyj + oo TF}- + zi o;year; * TF}- + Zk6kregionk * TP}.

ik

where pnj is the average price of product j paid in market n, o is the price coefficient, f is a vector
of coefficients for all other product characteristics, and y is a vector of coefficients for all
controlling fixed effects, including region, state, year, month, and brand dummies. The error
term, &nj, is distributed according to i.i.d. Type 1 Extreme Value. Therefore, the closed form of

the purchase probability or market share for each product in each market Sp; is

exp(an) .
= =1..]
NS exp(Vy) |

s = 1

"0 = S exp (Vo))

We nominate the outside option (i.e., all choices except the top 77 brands) as the baseline
and calculate the log odds for each of the top 77 popcorn brands relative to the baseline, so that
the difference of the log of each brand’s observed market share and the log of the share of the
outside good is a linear function of the predictors:

Vi = 10g(Sy;) — 10g(Sno)
We first use the simplest ordinary least squares approach to estimate our multinomial

logit model, shown in Model I. For Models 11-1V, we then use two-stage least squares estimation
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to deal with price endogeneity. More specifically, Model Il uses the first set of Hausman
instruments (Hausman 1996, Nevo 2001), that is, average prices of popcorn products in other
markets that are intended as proxies for common cost shocks. Model 111 uses the second set of
BLP instruments (Nevo 2001) the rival product characteristic proxies that help reveal
substitution patterns. Model 1V includes both sets of instruments. All models control for region,
state, year, month, and brand fixed effects.
2.6 Regression Results

Table 2.7 offers evidence that consumers have positive demand for trans fat products
relative to products without trans fat. After the 2006 labeling legislation, demand for trans fat
products continued to increase significantly, with heterogeneous regional preferences. This result
is stable across all model estimation results.

Table 2.7 Multinomial Logit Regression Results

Model | Model 11 Model I11 Model IV
Variables OLS v v v
Price -3.079*** -2.645%*** -10.87*** -2.649***
(0.0298) (0.0321) (0.988) (0.0321)
Trans fat (g) 0.0959*** 0.0949*** 0.109*** 0.0949***
(0.00467) (0.00467) (0.00580) (0.00467)
2007*Trans fat 0.00513 0.00541 0.00108 0.00541
(0.00633) (0.00633) (0.00757) (0.00633)
2008*Trans fat 0.0285*** 0.0298*** 0.00727 0.0298***
(0.00652) (0.00652) (0.00824) (0.00652)
2009*Trans fat 0.0572*** 0.0591*** 0.0262*** 0.0590***
(0.00657) (0.00657) (0.00877) (0.00657)
2010*Trans fat 0.0818*** 0.0843*** 0.0391*** 0.0843***
(0.00661) (0.00661) (0.00956) (0.00661)
2011*Trans fat 0.0637*** 0.0675*** -0.00402 0.0674***
(0.00656) (0.00656) (0.0116) (0.00656)
2012*Trans fat 0.0747*** 0.0785*** 0.00610 0.0785***
(0.00648) (0.00648) (0.0116) (0.00648)
2013*Trans fat 0.0852*** 0.0891*** 0.0174 0.0890***
(0.00641) (0.00642) (0.0115) (0.00641)
2014*Trans fat 0.122*** 0.127*** 0.0413*** 0.127***
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CHAPTER 3

SPILLOVER MECHANISMS OF WIC INFANT FORMULA REBATE PROGRAM

3.1 Introduction

After food stamps and school lunches, the Special Supplemental Nutrition Program for
Women, Infants and Children (WIC), established in 1972, is the third-largest food assistance
program in the United States. WIC provides vouchers to low-income pregnant women, mothers,
and their children up to age 5 for a variety of foods. Infant formula represents the largest cost to
WIC: 57%-68% of all infant formula sold in the United States is purchased through the program
(Oliveira et al. 2010). To reduce costs, state WIC programs began an infant formula rebate
system in 1987. This competitive bidding system awards a single-source contract to the firm that
offers the lowest net price (i.e., wholesale price minus the rebate bid). The rebates are typically
about 85% of the wholesale price, which reduces WIC food costs by about $1.7 billion a year.

As WIC contracts assure a large amount of program-specific formula sales, previous
literature suggests that winning manufacturers enjoy spillover on their non—WIC formula market
shares. That is, they benefit from indirect sale increases in the non—WIC market (Oliveira,
Frazdo, and Smallwood 2011; Huang and Perloff 2014). Spillover effects can also exist through
price strategies (Chernew et al. 2010). To maximize profit, manufacturers that win the WIC bid
may decrease prices in the more price-sensitive toddler formula market while increasing prices in
the infant formula market, where WIC sales are guaranteed. However, price premiums may still
exist for losing companies even after contract changes.

The purpose of this paper is to explain why manufacturers compete aggressively on their
rebates to win WIC contracts. As spillovers are one of the forces that shape the market over time,

we pay particular attention in this paper to correctly identifying and estimating distinct spillover
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mechanisms and to understanding the features of consumer purchasing behavior that drive
spillover patterns.
3.2 Literature Review

In general, literature suggests that the WIC infant formula rebate program has a
significant spillover effect on sales by volume. The manufacturer that wins a WIC contract
experiences increased sales in the non—-WIC formula market (an indirect effect). That is, the
benefits of being the exclusive formula provider for WIC participants extend to increasing the
winning manufacturer’s share of non—-WIC sales. Davis (2011) finds a 50%-60% increase in a
brand’s market share of non—WIC sales after that formula becomes the WIC—contract brand.

The spillover effect may work through several mechanisms. First, since WIC subsidizes
nearly half of infants born in the United States, it is in retailers’ best interest to secure guaranteed
WIC sales by making the WIC brand most easily visible to WIC participants. The WIC—contract
brand may therefore gain greater shelf space and better product placement in retail stores, which
may also drive its sales to non-WIC consumers. In an interview conducted by the U.S.
Government Accountability Office (2006), three bidding infant formula manufacturers noted the
importance of shelf space and product placement to their marketing strategies. Further, many
studies have found that better shelf allocation was associated with greater purchase percentage
(Frank and Massy 1970; Dreze Hoch, and Purk 1994; Sigurdsson, Saevarsson, and Foxall 2009).

Second, sales may also rise from hospital and physician recommendations of WIC—brand
formula, since they are more likely to recommend the WIC brand to non—WIC consumers (GAO
1998; Oliveira et al. 2010, 2011). Knowing that most WIC participants are required to use the
WIC-brand infant formula, physicians may recommend that brand to all patients. Hospitals may

also provide free samples of WIC-brand formula to all new mothers without differentiating
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between WIC and non—WIC consumers (GAO 2006).

Third, WIC logos on shelf labels may be viewed as the government’s tacit endorsement
of the product, increasing the product’ credibility among non-WIC consumers Huang and
Perloff (2014) report that winning manufacturers sometimes use the trademarked WIC logo in
their promotional materials because of the positive labeling effect.

Fourth, WIC participants are more likely to buy WIC—brand formula out of pocket when
they use up WIC formula vouchers and after they exit WIC. Once the WIC infants are doing well
on the contract-brand formula, their mothers may be reluctant to feed them a different brand,
since new formulas may cause stomach upset and gas.

Fifth, spillover may come from WIC recipients’ recommendations to non—-WIC friends
and relatives. Lastly, mothers may be more likely to buy the WIC brand of toddler formula after
their infants reach 1 year of age (Oliveira, Frazdo, and Smallwood 2011).

Chernew, Baicker, and Martin (2010) review the literature examining the impact of
public-sector (i.e., Medicare or Medicaid) fee reductions on prices charged to private payers.
They find that dynamic cost shifting could account for price spillover effect (Sloan and Becker
1984; Lynk 1995; CBO 1993; ProPAC 1995a,b; Sheils 2009). Dynamic cost shifting—in which
payers in one sector pay more because those in another sector pay less—is different from static
cost shifting or price discrimination—in which different customers are charged different prices
for the same service or product. But both dynamic and static cost shifting are pricing strategies
that allow providers with market power to charge a higher price for payers with less elastic
demand. Similarly, dynamic cost shifting could occur in the WIC formula bid system. To
maximize profit, contract-winning manufacturers would decrease wholesale prices for toddler

formula because they can increase wholesale prices for infant formula. The toddler formula
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market is not subsidized by any government programs and is therefore a more competitive
market, with all customers sensitive to price changes. However, a large fraction of infant formula
purchasers are WIC participants, who use food vouchers and do not pay for formula out of
pocket. With these price-insensitive consumers in the infant formula market, it is in the best
interest of the winning manufacturer to exercise its market power to capture large markups from
non-WIC infant formula consumers. Empirical studies on infant formula wholesale prices show
mixed results. While Davis (2011) argue that WIC does not affect wholesale prices, while Prell
et al. (2004) find that WIC distorts them.

Considerable research has been conducted on retail prices. Using a sample from 1994 to
2000, Oliveira et al. (2004) conclude that WIC—contract brands are associated with modestly
higher retail prices in supermarkets. Oliveira et al. (2001) find the prices for the WIC—contract
brand milk-based powder formula exceed those for non-contract brands in 23 of 55 of market
areas (42%). No consistent relationship exists between a formula's being the WIC—contract brand
and having the highest average retail price within market areas. Oliveira, Fraz&o and Smallwood
(2011) report that the percentage price change for the winning WIC brand is greater than for the
losing brand in 12 of 23 states between the year prior to and the year after the contract change,
while the reverse is true for the remaining 11 states. On average, the relative retail price of the
winning WIC brand to the losing brand increased by less than 2%, suggesting that the shift in
market share from losing manufacturer to winning manufacturer was not due to a decrease in the

relative retail prices but rather to the change in contract-brand status.

3.3 Data Description

To study WIC spillover effects, we use large-scale Nielsen retail scanner datasets from
the Kilts Center for Marketing, which were prepared by the Booth School of Business from

78



University of Chicago. The Nielsen market-panel database contains weekly purchase and pricing
data from more than 90 participating grocery stores, including Stop & Shop and Big Y. This
particular study focuses on milk-based powder formula; about 80% of all infant formula sold is
milk-based, and approximately 85% of those sales are in powder form.

Further, we aggregate store-level data by state for the three types of milk-based powder
formula: Top WIC—contract brand infant formula, non-WIC infant formula, and toddler formula.
Top WIC infant formula is defined as the WIC—contract brand with the largest sales by volume
in the market. All other infant formulas except the top WIC infant formula are categorized as
non-WIC formula. Missing data points for manufacturers’ name and formula sizes were fixed by
incorporating information from the New Product Launch database and checking product
websites. Each formula product line was identified through the official WIC formula list
provided by the U.S. Department of Agriculture (USDA)10 and further confirmed by double-
checking the dataset, where the introduction of a new generation of the same formula product
line coincides with the discontinuation of the old one. For example, Similac Advance was
previously called Similac Advance Early Shield, so these two brands are considered to be the
same product line.

Other complementary databases used in this study include the WIC rebate database
collected by Davis (2016), which has information on 11 contracts in 24 states where one firm
replaced another as the WIC supplier between 2007 and 2013. For each state, the data span 1
year before and 2 years after each contract change. State-level summary statistics from the 2007—
2011 American Community Survey are also incorporated to control for demographic differences.
To capture state-specific demand trends, we also include the annual number of live births from

the Centers for Disease Control.

10 The list was obtained from the USDA WICWorks website. https://wicworks.fns.usda.qov/databases
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Table 3.1 shows the details of the 11 WIC contracts. For example, California experienced
a contract change on August 1, 2007, when Mead Johnson Nutrition Co. replaced Abbott Lab as
the contract winner. Some states—such as Texas, lowa and Minnesota—form alliances and make
joint WIC bids. During the sample period, Pennsylvania had two contract changes, in 2008 and

in 2013.

Table 3.1 Milk-Based Powder Infant Formula WIC Contract Changes

Contract Previo Curre

State begin us nt
date winner winner
California 8/1/2007 A MJ
Arizona, Delaware, ldaho, Kansas, Maryland,
Montana, Nevada, Oregon, Utah, Washington,  10/1/2007 MJ A
West Virginia
Louisiana 10/1/2007 A MJ
Texas, lowa, Minnesota 10/1/2007 MJ A
Colorado 1/1/2008 A MJ
Ilinois 2/1/2008 A MJ
Pennsylvania 10/1/2008 A N
Arkansas, New Mexico, North Carolina 10/1/2012 MJ N
New Jersey 10/1/2012 A MJ
North Dakota 7/1/2013 N MJ
Pennsylvania 10/1/2013 N A

Note: A denotes Abbott Lab; MJ denotes Mead Johnson Nutrition Co; N
denotes Nestle Sa.

Table 3.2 summarizes the control variables used in the regression analysis. Generally, the
sample statistics match national averages. For instance, the mean of average household size
across 24 states is 2.6, while the 2010 national average household size was 2.58. The sample
mean of median household income is $52,900, while the 2013 national median household
income was around $52,000. On average, 9.88% of families have incomes below the poverty
level; 86.77% of the population have a high school diploma and 27.64% of the population have a

bachelors degree; 60.56% of mothers are in the labor force. The population is 78.84% white,
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9.13% black, 3.5% Asian, and 14.17% Hispanic. The mean of median age is around 37, and an
average of 6.79% of the population under 5 years of age.

The birth growth rate, which changes annually, is calculated as the ratio of the number of
live births in the current year to that in the previous year. As shown in Table 3.2, the average
birth growth rate is 1 across all states and years, with a range of 0.93-1.08. This implies the
number of births in the sample is relatively stable, so we expect decreasing demand for formula
due to recent increases in the rate of breastfeeding,! The mean WIC ratio is 46.4%, meaning that
on average approximately 46 out of 100 newborn babies are subsidized by WIC. We observe
some variation in the size of the WIC ratio, with a range of 25.7%-64.6%.

Table 3.2 Summary Statistics of Variables Included in Regression Analysis

Variable Obs  Mean Std. Dev. Min Max
Average household size 24 2.58 0.17 2.30 3.06
Median household income 24 52.92 8.43 3955 7242
Poverty (%) 24 988 2.46 6.06  14.37
College (%) 24 27.64 4.77 17.62  36.29

High school (%) 24 86.77 3.52 8043  91.59
Mother in labor force (%0) 24 60.56 6.42 4910 73.73
Hispanic (%) 24 1417 12.37 119 4586
White (%) 24 78.84 10.27 59.22  94.05

Black (%) 24 9.13 9.10 0.45 31.88

Asian (%) 24 3.50 2.92 0.61 13.05
Median age 24 36.79 2.39 29.10 4110
Children under 5 (%) 24 6.79 0.78 5.64 9.53
Number of births 99 1.00 0.03 0.93 1.08
WIC ratio (%) 99 46.40 0.09 2570  64.60

One limitation of this study is that the demographic variables do not change over time, as
they came from the 5-year ACS and have only 1 observation per state. We use a 5-year

demographic survey rather than a 1-year survey because the 5-year survey data is more

11 https://www.cdc.gov/media/releases/2013/p0731-breastfeeding-rates.html
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comprehensive, covers a much larger population, and provides more reliable estimates than the
1-year short-term survey. Since demographic changes are very slow, a static demographic
variable may work as well as a dynamic one.
3.4 Models
3.4.1 Multinomial Logit for Market Share

Our multinomial logit model contains s = 1,---, S states that experienced a WIC infant
formula contract change between 2007 and 2013. In each state, we observe market share for each
of the j = 1,---,] manufacturers in t = 1,---, T weeks from 1 year before to 2 years after each
contract change. We denote manufacturer j’s market share in state s and week t (McFadden
1974) as

_expa, + Xy, + Z§6,
ot ' expa, + Xy, + 726/

where predictors X, include time dummy variables that reflect WIC infant formula contract
changes, annual birth growth rate, and the ratio of WIC infants to total live births; Z  denote state
demographics; «, is a constant; and y, and &, are vectors of WIC-relevant and demographic-
regression coefficients, respectively, for j = 1,---,]. We know that }7_ S, = 1 for each unique
combination of state s and week t (i.e., the total market shares add up to 1 in a given state for a
particular week). Therefore, once we know the market shares of the winning and losing
manufacturers, we automatically know the market share of all other manufacturers by
subtraction. We transform our multinomial logit model into its log-linear equivalent. We further
assume the log odds of the winning and losing manufacturers relative to the baseline, all other

manufacturers, to be a linear function of all explanatory variables:

S
N = logsit =a—a+Xy—-v+Z6—-6+¢,

Jst
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=a+Xy +Z05 +e€,
€,~i.1.d N(0,0°)

We also include brand dummy variables that indicate whether Abbott Lab or Mead Johnson
Nutrition Co. held the WIC contract in a given week and in a specific state, while Nestlé and all
other small manufacturers constitute the residual category. We fit our model using OLS
regression and separately model each of the three types of formula: the top WIC brand, non-
WIC infant formula, and toddler formula. We do not separately identify all coefficients for j =
1,---,], but we can get estimates for the differences between corresponding coefficients (i.e., a;,
y,, 6 forj=1,---,] — 1) that allow us to back up the market shares for all manufacturers.
3.4.2 OLS for Price

Spillover could also exist through price channel. To maximize profit, contract—winning
manufacturers may decrease prices in the more price-sensitive toddler formula market and
increase prices in the less price-sensitive infant formula market, where WIC sales are guaranteed.
To determine whether there price spillover occurs, we model simple average prices as a linear
function of predictors X, that include time dummy variables reflecting WIC infant formula
contract changes and the ratio of WIC infants to total live births and state demographics Z_:

P.=B+X.0+Zn+u,
U, ~i.i.d N(0,0%)

where S is a constant, and 8 and n are vectors of WIC relevant and demographic regression
coefficients, respectively, for j = 1,---,J. Again, we model the three types of formula separately.
3.4.3 Estimated Manufacturing Profit

Total revenues can be calculated as retail prices multiplied by total volume sold:
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post post post post
RS B TV %S,
pre pre pre pre
R~ BTV xS,

where R denotes revenue, P denotes price, TV denotes total volume sold, S denotes market share,
and t denotes time period for 0-24, 3-6, 6-12, 12-18, and 18-24 months. Thus, revenues after
the contract change can be estimated based on predicted retail price 13], and predicted market

share S

jel

adjusted by the actual total volume of sales in the market before and after the contract

change across 24 states:

——~post =~ post A~ post

R B TV x§

jt Jjt Jjt

= *
pre pre pre pre
R B TV,

=~ post =~ post

P S

_ e jt

- Ppre S pre

Lastly, manufacturer profit was separated from predicted revenue in hopes of quantifying the
spillover effects.

Manufacturer Profit

_ (R — Retail Markup) * (1 — Rebate Rate) — Cost wic
R — Retail Markup — Cost Non — WIC, Toddler

We made several assumptions based on previous literature: Manufacturing cost was assumed to
be 20% of total revenue sales, as retail prices were estimated to be five times the cost of
manufacture in 1994 (Richter 2001). Retail markup was estimated to be around 13% of retail
price in 2004 (Oliveira and Davis 2006). Rebates are set at 85% of the 2008 wholesale price

(Oliveira et al. 2010):

(R —0.13R) * 0.15 — 0.2R wIc

Manufacturer Profit = ~ ~ "
R—-0.13R - 0.2R Non — WIC, Toddler
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3.5 Descriptive Results

One big challenge is to correctly identify the top WIC brand, since there is no
comprehensive dataset that distinguishes WIC—brand and non-WIC infant formulas in each state.
However, two important features help identify WIC infant formula: 1) WIC brands only come in
sizes between 12 o0z. and 13 oz. and 2) the top WIC brand in each state shows a unique pattern in
the data different from that of all other brands. For example, in California, the winning
manufacturer stole a chunk of sales from the losing manufacturer immediately after the WIC
contract change (Figure 3.1). All 24 states in our sample showed similar patterns after a contract
change. This is likely due to greater shelf space, better product placement, and the advantages of
carrying WIC labels. The top WIC brand was assumed to be the only WIC brand as (on average)
it accounts for 76.1% of all WIC-size infant formula sales across 24 states. Interestingly, both
winning and losing manufacturers significantly increased their prices shortly after the contract
change and remained at that level.

Figure 3.1 Market Share and Price Change for Top No. 1 WIC Brand in California

Market share change for top brands in CA, WIC Size Price change for top brands in CA, WIC Size

1
1.5
L

.75
L

|

Volume market share
25 5
L
Volume weighted average price
1

o 4 0 o
51 0 51 102 51 0 51 102
Number of week Number of week
—— Winner No.1 Brand: ENFAMIL PREMIUM —— Winner No.1 Brand: ENFAMIL PREMIUM

Loser No.1 Brand: SIMILAC ADVANCE
Other No.1 Brand: GOOD START GENTLE

Loser No.1 Brand: SIMILAC ADVANCE
Other No.1 Brand: GOOD START GENTLE

The non-WIC infant formula market is defined as all infant formula except the top WIC
brand. Figure 3.2 shows that the winning manufacturer took over the lead around 10 weeks after
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the contract change, but its average price of non—WIC infant formula increased significantly just
after the contract change.
Figure 3.2 Market Share and Price Change for Non-WIC Infant Formula in California

Market share change for NonWIC infant formula in CA Price change for NonWIC infant formula in CA
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A similar pattern was not observed in the toddler formula market. It took more than 1
year for that shift to happen. The average price of toddler formula for the winning manufacturer
decreased occasionally after the contract change, suggesting that consumers may have become
loyal purchasers of the brand, so the losing manufacturer was still able to enjoy a spillover effect.

Figure 3.3 Market Share and Price Change for Toddler Formula in California
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3.6 Regression Results

Table 3.3 shows multinomial logit regression results of market share for the top WIC
brand, non-WIC infant formula, and toddler formula. As shown in Table 3.3, most coefficients
of interest—a contract change dummy to capture overall WIC effect and four time dummies to
distinguish potential short-run and long-run impacts—are statistically significant and have the
expected signs.

Table 3.3 Multinomial Regression without Price by Formulas Type

Variable top WIC Brand Non-WIC Infant Toddler
Winner Loser Winner Loser Winner Loser
Constant 7.469 -2.176 -9.543 -40.199** 21.884 -29.107
23.348 13.889 19.422 14.454 23.799 25.783
Contract change 3.674***  -1.411%**  0.742***  -0.236***  0.638***  (.379***
0.160 0.093 0.159 0.070 0.164 0.090
3m<t<6m 0.298***  -0.719***  (0.212***  -0.203***  (.242*** -0.005
0.091 0.098 0.073 0.057 0.086 0.118
6m<t<12m 0.304***  -1,175%**  (0.394***  -0.294*** 0.214** -0.247*
0.105 0.111 0.085 0.065 0.100 0.134
12m<t<18m 0.447***  -1,130***  (0.531***  -0.330*** 0.338** -0.319
0.118 0.141 0.098 0.089 0.129 0.199
18m<t<24m 0.228 -1.607***  0.606***  -0.429*** 0.288* -0.529*
0.158 0.172 0.125 0.118 0.156 0.264
Average household size -5.458* -5.665*** -4.656** -4.864** -4.228 -5.528
2.679 1.874 2.023 2.037 2.523 3.751
Median household income -0.136 -0.109* 0.072 0.040 0.032 0.011
0.084 0.061 0.086 0.058 0.083 0.091
Poverty (%0) -0.458** -0.537*** 0.097 -0.045 0.146 -0.104
0.218 0.132 0.272 0.135 0.300 0.185
College (%) 0.192** 0.190*** -0.025 0.013 0.075 0.046
0.082 0.056 0.081 0.040 0.051 0.057
High school (%0) -0.276* -0.349*** 0.028 0.007 -0.148 -0.038
0.146 0.088 0.156 0.111 0.148 0.186
Mother in labor force (%6) -0.093** -0.085*** -0.055 -0.078*** -0.016 -0.055
0.039 0.026 0.036 0.023 0.041 0.040
Hispanic (%6) 0.026 0.001 0.006 0.012 -0.072** -0.059
0.027 0.016 0.028 0.025 0.034 0.044
White (%) 0.146** 0.055 0.054 0.020 -0.052 -0.105
0.065 0.042 0.050 0.036 0.058 0.070
Black (%) 0.190*** 0.090** 0.058 0.042 -0.052 -0.089
0.064 0.042 0.054 0.046 0.067 0.091
Asian (%) 0.360*** 0.181* 0.150 0.143* 0.134 0.107
0.122 0.090 0.089 0.069 0.124 0.151
Median age 0.428 0.855*** 0.079 0.793*** -0.046 0.826***
0.302 0.212 0.258 0.185 0.257 0.276
Children under 5 (%) 2.240** 3.662*** 0.870 3.081*** 0.607 3.650**
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Number of births
WIC brand is Mead Johnson
WIC brand is Abbott lab
WIC ratio (%)

Number of observations
LR Ratio
Prob LR
pseudo R2
adj. pseudo R2
Degrees of freedom

1.015 0.693
-4.108 -2.213
4.934 3.020
0.421 1.046***
0.289 0.221
0.643** 0.927%**
0.264 0.257
0.902 1.664
2.053 1.261
7750
15750.88
0
0.875
0.874
42

1.025 0.840
2.796 1.488
3.947 2.526
0.395 0.541%**
0.352 0.150
0.706** 0.430**
0.310 0.181
2.549 3.772%**
1.992 1.291
7750
8159.38
0
0.651
0.649
42

1.078 1.324
1.180 2.014
3.823 4919
0.804** 0.140
0.328 0.194
0.816** 0.013
0.320 0.244
-3.432 5.332**
2.678 2.157
7750
4616.57
0
0.473
0.470
42

Table 3.4 exhibits simple OLS regression results for retail price using the same set of
predictors used in the market share regressions. Holding all other variables constant, the winning
manufacturer significantly increased prices of infant formula by more than $0.05/0z. and
decreased prices of toddler formula by $0.07/0z. just after WIC contract change. The losing

manufacturer seemed to follow the winner’s strategy. Results are robust among different setups

when different control variables are included.
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Table 3.4 OLS Regression for Prices by Formula Type

Variable WIC Infant Non-WIC Infant Toddler
Winner Loser Winner Loser Winner Loser
Constant 3.082 2.82 4.225** 0.322 -1.78 0.605
2.811 2.786 1.78 1.6 1.287 1.513
Contract change 0.055*** 0.046*** 0.069*** 0.040*** -0.007 -0.020**
0.009 0.011 0.006 0.009 0.008 0.007
3m<t<6m 0.017*** 0.007 0.018*** 0 -0.001 0.034***
0.004 0.007 0.004 0.003 0.007 0.007
6m<t<12m 0.022*** 0.018** 0.022*** 0.005 -0.005 0.042***
0.005 0.008 0.005 0.004 0.009 0.007
12m<t<18m 0.033*** 0.029** 0.029*** 0.011* -0.005 0.044***
0.007 0.013 0.007 0.006 0.009 0.009
18m<t<24m 0.052*** 0.037** 0.033*** -0.003 0.018 0.034***
0.011 0.016 0.011 0.01 0.012 0.011
Average household size -0.059 0.037 0 -0.236 0.434** -0.019
0.276 0.288 0.189 0.155 0.17 0.096
Median household income 0.012 0.006 0.007 0.005 0.004 0.011**
0.009 0.01 0.006 0.006 0.007 0.004
Poverty (%) 0.036 0.038 0.033 0.012 0.016 0.034*
0.035 0.034 0.021 0.021 0.019 0.019
College (%) -0.002 0.003 0.002 0.003 -0.017** -0.001
0.006 0.008 0.004 0.005 0.006 0.003
High school (%) -0.02 -0.018 -0.018 -0.013 0.042*** -0.005
0.019 0.019 0.012 0.012 0.013 0.007
Mother in labor force (%) 0.007* 0.007* 0.006** 0.001 -0.001 0.003
0.004 0.004 0.002 0.002 0.002 0.002
Hispanic (%) -0.008* -0.008* -0.006* -0.004 0.007*** -0.002
0.005 0.004 0.003 0.002 0.002 0.002
White (%0) -0.014* -0.013* -0.008 -0.007 0.008* 0.001
0.008 0.007 0.006 0.004 0.004 0.004
Black (%0) -0.018* -0.015* -0.01 -0.008 0.008* -0.002
0.009 0.008 0.006 0.005 0.004 0.004
Asian (%) -0.021 -0.013 -0.012 -0.006 -0.001 0
0.015 0.014 0.01 0.007 0.007 0.008
Median age 0.008 0.008 -0.025 0.044** -0.049** -0.008
0.03 0.033 0.018 0.02 0.022 0.014
Children under 5 (%) 0.017 0.012 -0.081 0.163** -0.251** -0.039
0.119 0.122 0.078 0.076 0.093 0.046
Number of births -0.168 -0.27 -0.281* 0.006 0.652** 0.409**
0.293 0.338 0.162 0.18 0.237 0.17
WIC brand is Mead Johnson -0.081* -0.079** -0.044 -0.059*** 0.033* -0.038**
0.04 0.035 0.032 0.02 0.017 0.014
WIC brand is Abbott lab -0.083* -0.078* -0.038 -0.058** 0.011 -0.015
0.046 0.042 0.036 0.025 0.013 0.011
WIC ratio (%) -0.539* -0.570* -0.514** -0.076 0.234* -0.394**
0.309 0.303 0.189 0.171 0.136 0.167
Number of observations 3,875 3,875 3,875 3,875 3,875 3,875
F statistic 247.02 124.18 363.67 81.74 38.36 40.35
Prob > F 0 0 0 0 0 0
R2 0.559 0.545 0.672 0.511 0.379 0.431
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Table 3.5 shows the predicted changes in market share by formula type. We find that, the
winner experiences a significant increase in market share for all three types of formula
immediately after WIC contract change. While the losing manufacturer experiences a sharp
decrease in market share for all infant products, its market share in the toddler formula market
only begins to decrease significantly around 6 months after a WIC contract changes. Over time,
the winner’s share in non—-WIC infant formula sales increases, while the losing manufacturer
experiences the opposite; this pattern suggests the presence of an important long-run spillover
effect.

Table 3.5 Estimated Market Share over Time by Formula Type

Top WIC Brand Non-WIC Infant Toddler
Winner Loser Winner Loser Winner Loser
Pre change 0.03 0.94 0.20 0.65 0.22 0.57
Post change 0.82 0.16 0.39 0.47 0.28 0.57
3m<t<6m 0.92 0.06 0.48 0.38 0.34 0.53
em<t<12m 0.94 0.04 0.54 0.33 0.37 0.47
12m<t<18m 0.95 0.04 0.58 0.30 0.42 0.43
18m<t<24m 0.95 0.03 0.62 0.26 0.44 0.39

Table 3.6 Estimated Price over Time by Formula Type

Top WIC Brand Non-WIC Infant Toddler
Time Period ) . )
Winner Loser Winner Loser Winner Loser
Pre change 1.06 1.07 0.99 1.03 0.86 0.85
Post change 1.12 111 1.05 1.07 0.85 0.84
3m<t<ém 1.13 1.12 1.07 1.07 0.85 0.87
6m<t<12m 1.14 1.13 1.08 1.08 0.85 0.88
12m<t<18m 1.15 1.14 1.08 1.08 0.85 0.88
18m<t<24m 1.17 1.15 1.09 1.07 0.87 0.87

Predicted prices suggest that the top WIC infant formula is the highest-priced formula

among the three types, with toddler formula being the least expensive. Winning manufacturers

90



increased the price of all infant formulas. At the same time, toddler formula prices decreased by
about $0.01/0z. over the first 18 months after winning the contract.

An important finding in Table 3.7 is that, immediately after contract change, both winning
and losing manufacturers made around $20 million more than they had prior to the change. The
winning manufacturer continued to make more money, while the losing manufacturer’s profit
decreased over time for all three types of formula. The evidence seems to justify the substantial
discounts manufacturers give WIC. Last, the spillover effect was estimated to be larger in the
non-WIC infant formula market than in the toddler market, as the non-WIC infant formula
enjoyed a much larger market.

Table 3.7 Estimated Annual Manufacturer Profit over Time by Formula Type in $Million

Time Period T-op WIC Brand N-on-WIC Infant . Toddler - Total
Winner Loser Winner Loser Winner Loser Winner Loser
Pre change 6.48 -19.08 43.21 109.96 7.09 10.06 56.78 100.94
Post change -19.41 32.62 85.93 79.82 10.95 11.82 77.47 124.26
3m<t<ém -22.86 13.77 109.10 65.77 12.84 11.27 99.08 90.81
6m<t<12m -22.93 8.75 121.90 56.04 13.92 10.00 112.88 74.79
12m<t<18m -23.00 7.97 131.47 50.71 16.34 9.68 124.81 68.36
18m<t<24m -22.34 5.92 138.89 44.31 17.47 8.49 134.02 58.73

3.7 Conclusion

We use large-scale Nielsen retail scanner data to study WIC’s impact on the market for
milk-based powder formula from 2007 to 2013. While controlling for demographic differences
and state-specific demand trends, we identify spillover patterns by observing market share and
pricing changes before and after each contract change for three types of infant formulas and for
both WIC contract winners and losers.

This paper contributes to previous studies by, first, identifying the top WIC brands that

make up almost all WIC formula sales in each state. Second, using multinomial logit models
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based on Huang and Perloff (2014), we find different spillover patterns by comparing three types
of formula. In particular, immediately after the contract change, the winning manufacturer
experiences a significant increase in market share for all three types of formula due to greater
shelf space, better product placement, the advantages of carrying WIC labels.

While the loser’s market share for the top WIC infant formula and all other infant
formula promptly decrease, the loser’s market share in the toddler formula market continues to
increase and only begins to decrease around 18 months after WIC contract changes. This
suggests that losing manufacturers still enjoy a spillover effect because of consumers’ brand
loyal purchases. Over time, the spillover effect increases the winner’s share and decreases the
loser’s share for all other infant formula, which may reflect the combined impact of
recommendations from physicians and WIC participants. Lastly, we observe that winning
manufacturers increase prices for top WIC and all other infant formulas and decrease toddler
formula prices over time. A spillover effect helps the losing manufacturer to continue increasing
its prices for all three types of formula for at least 2 years after contract changes.

In conclusion, this study finds evidence that significant spillover effects through multiple
channels drive manufacturers to win WIC infant rebate contracts. Winning manufacturers can
make considerably more money in the non—WIC market to compensate for the loss in the WIC

market, mainly because manufacturing costs are so small, leaving room for large profit margins.
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