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Abstract

This paper examines vertical restraints that operate jointly across the down-

stream retailer and upstream manufacturer sides of the U.S. consumer battery

industry, using detailed consumer receipt panel data. Following the Walmart–

Energizer agreement, Walmart raises retail prices for Duracell, Energizer’s

main competitor, while Energizer raises wholesale prices charged to Walmart’s

retail rivals. We document retail price increases of about 6–7 percent for both

brands across major retailers, with larger Duracell increases at Walmart and

larger Energizer increases at other retailers. These asymmetric price increases

are consistent with a model of consumer demand and retailer–manufacturer

bargaining in which Walmart and Energizer partially internalize each other’s

profits. Counterfactual analyses show that this conduct raises prices market-

wide, reduces consumer welfare, and benefits both parties substantially only

when both restraints operate jointly: a downstream restraint through the

Edgeworth-Salinger effect and an upstream restraint that raises rival retailers’

costs.
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1 Introduction

Vertical relationships between firms, such as agreements between manufacturers
and retailers, are key determinants of prices, product availability, and competition
in many markets. A longstanding concern in antitrust is that these arrangements,
including resale price maintenance (RPM), most-favored-nation (MFN) clauses,
and other preferential agreements, may facilitate coordination, foreclose rivals, or
otherwise harm competition. The empirical literature has largely studied these
restraints in isolation, distinguishing between downstream restraints, such as
retail price parity, which governs the retailer side, and upstream restraints, such
as MFN clauses, which governs the manufacturer side. Yet many real-world
vertical contracts appear to combine both: a retailer may favor a manufacturer at
retail while the manufacturer simultaneously raises wholesale prices charged to
the retailer’s downstream rivals, a combination that has received little empirical
attention. This paper studies this type of vertical conduct: a bilateral arrangement
that combines upstream and downstream restraints, in which the downstream
retailer provides preferential treatment to an upstream manufacturer, while the
manufacturer raises wholesale prices charged to the retailer’s downstream rivals.

We study this conduct in the U.S. consumer battery industry, focusing on
the alleged vertical agreement between Walmart and Energizer. In April 2023,
consumers and retailers filed proposed class actions against Walmart and Energizer,
alleging a vertical agreement to increase disposable battery prices (Portable Power
v. Energizer 2023). The allegations have two main components: (i) Energizer
allegedly raised wholesale prices to retailers other than Walmart, reducing the
intensity of inter-retailer competition by raising rivals’ costs; and (ii) Walmart
allegedly reciprocated by raising its retail prices for Duracell batteries, the product
of Energizer’s main rival manufacturer, thereby reducing interbrand competition
within Walmart through Edgeworth-Salinger effects.1

We use Numerator omni-channel consumer panel data on U.S. household

1Legal disclaimer: This paper analyzes the alleged Walmart–Energizer vertical agreement strictly
from an economic perspective. The allegations have not been proven in court. As of February 2024,
the court had not ruled on the merits, but had denied the defendants’ motions to dismiss, allowing
the case to proceed to discovery. For the purposes of the analysis, we take the alleged conduct as
the object of study and examine whether it is consistent with observed empirical outcomes. We
do not take a position on whether the conduct violated antitrust law, and we rely primarily on
publicly available case materials and related documents.

1



purchases from 2018 to 2021.2 The data provide trip-level information on retailers,
product categories, descriptions, quantities, and prices from in-store and online
receipts. We focus on disposable AA batteries, the largest household battery
segment at 43.23% of purchases.3 The final sample contains approximately 1.87
million AA battery purchases by 566,960 households. Most purchases occur in
physical stores and alongside other goods; only 11% are online, primarily through
Amazon. The U.S. consumer battery industry is highly concentrated: Energizer and
Duracell together account for about 70% of sales, while private labels from Costco,
Amazon, and Dollar Tree make up much of the remainder.4 Retail purchases
are similarly concentrated, with Walmart, Dollar Tree, Amazon, Dollar General,
Costco, and Target accounting for over 65% of purchases. Walmart and Target rely
heavily on Energizer and Duracell, whereas Dollar Tree and Amazon emphasize
private-label products.

Following the alleged agreement, we find a market-wide increase in battery
prices of 6–7% among major retailers, while sales decreased by 16–17%. A decom-
position of these price increases reveals asymmetric cross-product and cross-retailer
patterns: at Walmart, Duracell prices rose more than Energizer prices, and sales
shifted toward Energizer; at other retailers, such as Dollar General and Target,
Energizer prices rose more than Duracell prices, leading to a larger decline in
Energizer sales and a relative gain for Duracell.

We develop a conceptual framework to rationalize the empirical pricing pat-
terns. The model abstracts from the full market environment and considers two
manufacturers, Duracell and Energizer, and two retailers, Walmart and Target.
Manufacturer–retailer pairs simultaneously negotiate wholesale prices through
Nash-in-Nash bargaining, after which retailers set prices through Bertrand compe-
tition. Because the contractual instruments underlying agreements of this type are
not publicly observed, we represent vertical conduct between Energizer and Wal-
mart with a reduced-form conduct parameter bounded between zero, correspond-
ing to no bilateral internalization, and one, corresponding to full internalization.
This parameter captures the degree to which Walmart internalizes Energizer’s

2We exclude 2022 onward because sharp inflationary price increases make it difficult to separate
the effects of the vertical agreement from broader cost and inflation shocks.

3We extract battery type and pack size from product descriptions and define a product as a
battery line–pack size combination, such as Energizer MAX 8-pack or Duracell Coppertop 12-pack.

4Smaller brands, including Kodak, ACDelco, and Panasonic, hold only marginal shares.
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profit when setting retail prices and the degree to which Energizer internalizes Wal-
mart’s profit when bargaining with competing retailers. The specification allows
for bilateral internalization without specifying whether the agreement operates
through vertical restraints such as RPM, MFNs, or retail parity.5

The model clarifies three mechanisms through which the Energizer–Walmart
vertical agreement leads to asymmetric and market-wide price increases. These
mechanisms correspond, respectively, to an implicit downstream restraint operat-
ing through retail pricing, an implicit upstream restraint operating through rival
retailers’ wholesale terms, and a broader spillover effect on Duracell’s wholesale
pricing. First, on the downstream side, Walmart internalizes the cross-product
effect of Duracell’s price at Walmart on Energizer’s profit, softening intra-retailer
brand competition through the Edgeworth-Salinger effects. Second, on the up-
stream side, Energizer’s bargaining with Target internalizes the effect of wholesale
pricing at Target on Walmart’s profit. This raises Energizer’s wholesale price at
Target, thereby raising rivals’ costs and softening inter-retailer competition. Third,
Duracell is also able to raise its wholesale price because the disagreement payoff
of other retailers worsens, leading to higher Duracell wholesale prices and, conse-
quently, higher retail prices.6 Alternative conduct scenarios, including upstream
coordination between Duracell and Energizer, downstream coordination between
Walmart and Target, and hub-and-spoke coordination with either Energizer or
Walmart as the hub, do not replicate the full set of empirical pricing patterns.

We extend the conceptual framework into an empirical model of consumers,
retailers, and manufacturers to estimate the parameters that best match the data.
The model preserves the key mechanisms described above while allowing for richer
consumer substitution patterns and a larger set of retailers and manufacturers. We

5A natural microfoundation for the conduct parameter is bilateral contracting with transferable
utility: Walmart and Energizer can use lump-sum transfers, such as slotting allowances, marketing
funds, co-op advertising payments, or volume bonuses, to divide surplus while inducing partial
internalization of each other’s profits in the decisions they control. The estimated parameter
therefore indexes the degree of internalization achieved by the agreement, rather than any specific
contractual instrument. Relatedly, Collard-Wexler, Gowrisankaran, and Lee (2019) formalize Nash-
in-Nash bargaining as the equilibrium outcome of an extensive-form game with bilateral pairs and
lump-sum side payments; Crawford et al. (2018) introduce an internalization weight on a vertically
related party’s profit, analogous to our θ, to capture post-merger conduct.

6Based on evidence from DecaData, which reports wholesale prices for a limited set of products
and retailers, wholesale prices increased after the vertical agreement. We therefore model this as a
re-bargaining channel; see Section 5.3 for a detailed discussion.
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model battery demand at the CBSA–quarter level using a nested logit framework
in which retail prices, product and retailer attributes, and time effects jointly deter-
mine indirect utility. The nesting parameter captures within-retailer correlation in
preferences, allowing consumers to substitute more closely across products offered
by the same retailer. On the supply side, retail prices are set through standard
Bertrand pricing, taking as given wholesale prices negotiated in the first-stage
Nash-in-Nash bargaining. We allow Walmart and Energizer to internalize each
other’s payoffs to varying degrees and estimate one conduct parameter for each
side, respectively.

The estimation proceeds in three steps: (i) we estimate the demand system
using battery cost shifters, zinc, steel, potassium, and the battery manufacturing
producer price index, as instruments; (ii) we recover marginal costs from retail
prices using first-order conditions under Bertrand retail pricing and treat them as
wholesale prices; and (iii) we estimate the bargaining model to recover bargaining
power, input costs, and conduct parameters that jointly match observed wholesale
and retail prices and explain rising retail and wholesale prices.7

First, the demand estimates suggest that consumers are more likely to substitute
among products sold by the same retailer, with an implied average own-price elas-
ticity of approximately −2.76. Second, estimates from the retail pricing equations
indicate that wholesale prices for Energizer and Duracell increased noticeably
at non-Walmart retailers following the vertical agreement. Third, the bargaining
model suggests that Walmart has substantial bargaining power in negotiations with
battery manufacturers and that Walmart and Energizer internalize each other’s
profits to a similar degree. The model also closely matches the observed changes
in wholesale prices.

Using the estimates, we evaluate the Walmart–Energizer agreement relative to
a benchmark without the agreement and find that the vertical conduct benefits
Walmart and Energizer at the expense of consumers and rival retailers. Both
Walmart and Energizer gain even without transfers, while consumers are sub-
stantially worse off because battery prices rise market-wide. Other retailers are
also worse off due to higher wholesale prices, whereas manufacturers that raise

7In practice, there may be additional marginal costs from labor or storage. However, because
retailers typically offer a large assortment of non-battery products and batteries are small in both
price and size, these costs are likely negligible.
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wholesale prices are are better off on average. We decompose the agreement into
retail and wholesale channels by separately examining cases in which only one
channel remains active. The retail channel captures downstream effects, with
Walmart raising retail prices to foreclose rival manufacturers’ products, while the
wholesale channel captures upstream effects, with Energizer raising wholesale
prices to foreclose rival retailers. We find that the interaction of both channels
helps align Walmart’s and Energizer’s incentives; without either channel, joint
profits are much smaller.

To examine why the observed empirical outcome does not appear to result
from standard vertical restraints, we simulate three counterfactual equilibria with
alternative vertical conduct: (i) a most-favored-nation (MFN) clause with Walmart,
under which Walmart receives the lowest average wholesale price from Energizer;
(ii) resale price maintenance (RPM), under which Energizer prevents non-Walmart
retailers from pricing below Walmart; and (iii) price parity at Walmart, under
which Walmart does not allow Duracell products to be priced below Energizer
products. These restraints alone do not generate large changes in market outcomes,
since Walmart already has relatively low wholesale and retail prices, and Duracell
is typically already more expensive than Energizer.

The empirical results yield three broader policy implications. First, bilateral
internalization in vertical relationships can produce market-wide price increases
comparable to those under vertical integration, without requiring a change in
firm ownership. Second, the combined arrangement forecloses both downstream
and upstream rivals simultaneously, generating substantially larger gains for
the participating parties, and substantially larger losses for consumers, than any
one-sided restraint would. Third, beyond the standard single-instrument vertical
restraints typically studied in the literature, real-world arrangements often involve
interactions among multiple restraints of different types, and these interactions
may have substantial welfare consequences.

1.1 Literature Review

This paper contributes first to the literature on vertical restraints and related
manufacturer-retailer agreements. Existing theoretical work studies arrangements
such as resale price maintenance (RPM), most-favored-nation (MFN) clauses,
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and related price-parity provisions, highlighting both efficiency rationales and
anticompetitive effects through softer competition, facilitated coordination, and
reduced entry (Telser 1960; Klein and Murphy 1988; Jullien and Rey 2007; Edelman
and Wright 2015; Boik and Corts 2016; Johnson 2017). Empirical evidence likewise
shows that vertical contractual provisions can materially affect prices, markups,
and market outcomes through nonlinear pricing and RPM (Berto Villas-Boas 2007;
Mortimer 2008; Bonnet and Dubois 2010), exclusive dealing (Asker 2016; Nurski
and Verboven 2016), rebates (Conlon and Mortimer 2021), agency pricing (De los
Santos, O’Brien, and Wildenbeest 2018) and price-parity clauses in platforms (Ennis,
Ivaldi, and Lagos 2023). A related literature studies how vertical structures may
facilitate collusive incentives (Nocke and White 2007; see also Clark, Horstmann,
and Houde 2024). Our paper studies a distinct vertical arrangement that combines
RPM-like and parity-like features without an explicit resale-price or parity clause.
We show that such conduct can be more profitable for the participating firms
and more harmful to consumers than more standard vertical restraints. Although
we do not model explicit collusion, our analysis shows how a vertical agreement
can soften competition and generate market-wide price increases without formal
horizontal coordination.

This paper also contributes to the empirical literature on the competitive effects
of vertical integration. Most closely related is Luco and Marshall (2020), who show
in a multiproduct downstream setting that vertical integration lowers prices where
double marginalization is eliminated but raises prices for other products in the
integrated firm’s portfolio. Crawford et al. (2018) provide related structural evi-
dence that vertical integration can alter incentives through foreclosure and raising
rivals’ costs.8 Our setting differs because it involves a vertical agreement rather
than a merger or common ownership. Nevertheless, we model the agreement as
partial joint-profit internalization, which reshapes pricing incentives across prod-
ucts and firms. This yields implications not established in the existing literature:
integration-like spillovers can raise prices across a multiproduct firm’s broader

8More broadly, the vertical-integration literature emphasizes the tradeoff between efficiency
gains from eliminating double marginalization and anticompetitive harms from foreclosure or
raising rivals’ costs. Early theoretical work includes Perry (1989), Salinger (1988, 1991), and Ordover,
Saloner, and Salop (1990). Empirical studies document evidence of both forces, including price
reductions in cement and ready-mixed concrete (Hortaçsu and Syverson 2007) and foreclosure-
related harms in cable television (Waterman and Weiss 1996; Chipty 2001; Suzuki 2009) and
wholesale gasoline (Hastings and Gilbert 2005).
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portfolio and benefit upstream rivals, even as downstream firms and consumers
are harmed.

Finally, this paper relates to the empirical literature on negotiated vertical rela-
tionships and wholesale contracting. This work studies how bargaining, wholesale
terms, and disagreement payoffs shape prices and welfare in vertical markets, in-
cluding hospitals and healthcare (Grennan 2013; Gowrisankaran, Nevo, and Town
2015; Ho and Lee 2019; Cuesta, Noton, and Vatter 2024), multichannel television
(Crawford and Yurukoglu 2012; Crawford et al. 2018), e-books (De los Santos,
O’Brien, and Wildenbeest 2018), advertising (Donna et al. 2024), coal procurement
(Demirer and Rubens 2025), grocery and other consumer markets (Ellickson et al.
2018; Noton and Elberg 2018; Hristakeva 2022). We use this framework to recover
bargaining power and marginal costs from the change in vertical conduct, and
to trace how shifts in disagreement payoffs pass through to wholesale terms and
market-wide prices.

The remainder of this paper is organized as follows. Section 2 describes the
institutional background of the consumer battery industry and the data used
in the empirical analysis. Section 3 presents empirical evidence on price and
market share trends before and after the vertical agreement between Walmart and
Energizer. Section 4 develops a simplified conceptual framework to rationalize
asymmetric price increases across retailers and increases in market-level prices, and
to rule out alternative conducts. Section 5 outlines the empirical model, Section 6
discusses the estimation procedure, and Section 7 reports the estimation results
and counterfactual simulations. Section 8 concludes.

2 Institutional Background and Data

2.1 Institutional Background

2.1.1 Consumer Battery Industry

The types of disposable batteries typically include AA (double A), AAA (triple
A), AAAA (quadruple A), C, D, and 9V. Among them, AA and AAA are the
most popular and second most popular battery types, commonly used in small
electronic devices.
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Battery Brands/Manufacturers. The main battery brand is Energizer, followed
by Duracell in second place. Energizer and Duracell have together accounted for
approximately 70% of U.S. disposable battery sales over decades.9 Rayovac is the
third-largest brand; however, it was acquired by Energizer through its purchase of
Spectrum Brands’ battery and lighting division in 2018. Similarly, Eveready was
rebranded as Energizer in 2000. In our empirical analysis, we therefore categorize
Rayovac and Eveready as subsidiaries of Energizer.

In addition to branded products, a substantial share of battery sales comes
from major battery retailers developing their own private-label products, including
Walmart (Great Value), Costco (Kirkland Signature), Amazon (Amazon Basics),
Target (Up & Up), Dollar General (DG Home), and Dollar Tree (E-Circuit). These
private-label batteries are not manufactured by the retailers themselves; instead,
production is outsourced to Original Equipment Manufacturers (OEMs). Con-
sequently, these retailers are not manufacturers but large, powerful buyers who
order in bulk and set the quality standards, packaging, and branding costs for
their private-label products.

Energizer (including Rayovac and Eveready), Duracell, and private-label brands
account for the majority of battery sales. The remaining of market share consists of
smaller brands, including Kodak, ACDelco, and Panasonic. Each of these brands
is much smaller in scale compared with Energizer and Duracell and is typically
not offered by major retailers, but instead sold through smaller retailers or dollar
stores.

Battery Retailers. Walmart is the largest battery retailer, followed by Dollar Tree,
Amazon, Dollar General, Costco, and Target. These major retailers each accounted
for more than 3% of battery sales in 2018, as shown in Table 1, and together
represented over 65% of total battery sales. The next tier, including Family Dollar,
Kroger, Sam’s Club, Home Depot, Harbor Freight Tools, Lowe’s, Walgreens, CVS,
ShopRite, and Menards, each has more than 1% of battery sales in 2018.10 With the
exception of Amazon, battery sales for these retailers are primarily from physical

9See https : / / natlawreview . com / article / battery - merger - shows - shortcomings -
antitrust-policy-critics-say.

10Family Dollar was acquired by Dollar Tree in 2015 (https://vindyarchives.com/news/2015/
jul/07/dollar-tree-acquires-family-dollar/), and Sam’s Club was founded by Walmart. We
therefore categorize Family Dollar as part of Dollar Tree and Sam’s Club as part of Walmart.
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store purchases. Walmart and Target record slightly higher online sales compared
with other retailers, but these remain a small share of total sales, so we treat
physical and online channels as belonging to the same retailer.

Battery retailers are typically multi-product sellers, carrying Energizer, Dura-
cell, and private-label products when available. Table 1 reports the within-retailer
market shares for each battery brand at major retailers in 2018. Walmart and
Target’s sales are dominated by Energizer and Duracell, with minimal coverage
of private-label or other branded products. Dollar Tree specializes in its E-Circuit
private label, which accounts for over 97% of its sales. Amazon’s well-known
AmazonBasics brand represents roughly half of its sales, with much of the re-
mainder coming from third-party sellers offering less prominent brands such as
Indeterminate, ACDelco, Panasonic, Amvolt, EBL, and Maxell. Dollar General’s
sales are split evenly between branded products and its private label. Costco does
not sell Energizer-related brands, relying instead on Duracell and its Kirkland
private label.

Dollar stores, such as Dollar Tree, Dollar General, and Family Dollar, account
for a significant share of battery purchases among major retailers. However, Dollar
General and Family Dollar do not necessarily sell batteries for one dollar. Dollar
General offers both branded and private-label products at lower prices than many
competitors, though typically above one dollar. Family Dollar also offers branded
products at discounted prices, but not necessarily for one dollar. On the other
hand, 99% of battery purchases at Dollar Tree are priced exactly at one dollar.

Battery Product Lines and Package Sizes. Batteries are usually sold in packages.
For example, popular products at Walmart include “Energizer MAX AA Alkaline
8 Pk”, “Energizer MAX AA Alkaline 16 Pk”, “Duracell Coppertop AA Alkaline 8
Pk”, and “Duracell Coppertop AA Alkaline 16 Pk”, with respective median prices
of $6.94, $11.78, $6.94, and $11.78. Energizer MAX and Duracell Coppertop are
flagship alkaline battery lines from Energizer and Duracell, respectively, designed
for everyday devices.11 The terms 8 Pk and 16 Pk refer to package sizes containing

11Other battery lines for Energizer include its alkaline products Energizer EcoAdvanced and
Energizer Industrial, as well as non-alkaline lines such as Energizer Ultimate Lithium, Energizer
Advanced Lithium, and the rechargeable Energizer Recharge series. For Duracell, other alka-
line lines include Duracell Optimum, Duracell Quantum, Duracell Procell, and Duracell Simply,
alongside non-alkaline products such as Duracell Ultra Lithium and the rechargeable Duracell
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Walmart Dollar Tree Amazon Dollar General Costco Target

Market Share 31.65% 15.68% 7.00% 5.66% 4.29% 3.76 %
Within-Retailer Market Share

Energizer (Rayovac, Eveready)
Energizer 35.15% 23.74% 28.23% 64.36%
Rayovac 32.87% 2.41%
Eveready 3.89% 15.02% 1.61%

Duracell 27.04% 3.47% 7.51% 72.83% 32.83%
Private Label 97.52% 58.11% 49.23% 27.17% 1.20%
Kodak 1.05%
Indeterminate 2.48%
Acdelco 6.29%
Panasonic 3.15%
Amvolt 1.64%
EBL 1.19%

Notes: The table summarizes the 2018 market share for AA batteries by major retailer,
defined as those with a market share greater than 3%, and the within-retailer market share
for each major brand. Market share is calculated as the retailer’s share of total battery
sales. Within-retailer market share is calculated as the share of battery sales for a given
brand within that retailer. Brands with less than 1% market share within a retailer are
excluded from this calculation.

Table 1: Battery Market Share for Major Retailers and Brands

eight or sixteen AA batteries, with larger packages usually offering a lower price
per battery. Common package sizes are 4, 8, and 16, though they can vary by
brand and retailer. In the empirical analysis, we define a product as a specific
combination of battery line and package size.

2.1.2 Class Actions against Walmart and Energizer

A class action lawsuit was filed against Energizer and Walmart in April 2023 over
the companies’ allegedly anticompetitive scheme to raise prices for disposable
batteries.12 The plaintiffs include the following three groups: (i) Don Copeland
et al., consumers who purchased Energizer batteries from non-Walmart retailers;
(ii) Kimberly Schuman et al., consumers who purchased Energizer or Duracell
batteries directly from Walmart stores; and (iii) Portable Power, Inc., an online
battery retailer that bought directly from Energizer.

From 2018 to 2021, Energizer implemented multiple wholesale price increases
of 8–11%, while Walmart correspondingly raised the retail prices of Energizer

Rechargeable series.
12See https://www.classaction.org/walmart-batteries-price-fixing-lawsuit.
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batteries by 20% in 2019 and 40% in 2020. Plaintiffs allege that Duracell, Energizer’s
main rival, also raised its price due to reduced competitive pressure, resulting in
inflated prices across the disposable battery market and harming both consumers
and retailers.

The plaintiffs point to internal Energizer communications from “Project Atlas,”
a group created by Energizer that allegedly tracked retailers’ prices to ensure
Walmart retained a competitive edge (Portable Power v. Energizer 2023). Evidence
cited includes internal emails and sales staff remarks suggesting Walmart pressed
Energizer to enforce these pricing practices.

The Portable Power Case. A concrete example cited in the complaint, Portable
Power v. Energizer (2023), concerns Portable Power, an online retailer selling via
Amazon. The plaintiffs allege that when Portable Power attempted to undercut
Walmart’s prices in November 2018, Energizer increased its wholesale prices by
50–85%.

According to the complaint, in January 2021 an Energizer sales representative
is alleged to have forwarded an email from Energizer’s Project Atlas team that
identified Portable Power as one of the top ten Amazon sellers “in violation” of
Energizer’s pricing policies. The plaintiffs further claim that this enforcement was
tied to Walmart’s demands, citing one internal message that allegedly stated: “This
is 1000% about Walmart and wanting the best price.”

The complaint also alleges that on February 1, 2021, the same sales repre-
sentative warned Portable Power that Energizer would halt shipments unless
its retail prices matched Walmart’s. Later that month, the representative is said
to have offered a revised wholesale quote designed to permit a markup only if
Portable Power kept its retail prices closely aligned with Walmart’s. For additional
background on the case, see Portable Power v. Energizer (2023).

Case Proceeds to Discovery Phase. On February 9, 2024, the court denied Wal-
mart and Energizer’s motions to dismiss the case and lifted the stay on discovery.
It recognized that the plaintiffs’ claims, including Walmart’s preferential pricing
power, Energizer’s wholesale increases, Project Atlas enforcement, and market
dominance, were plausible at the pleading stage; although not a ruling on the
merits, the decision allows the litigation to proceed into discovery phase.
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Alleged Vertical Agreement. According to the complaints, the agreement be-
tween Walmart and Energizer involves two main points: (1) Energizer raised
wholesale prices for all retailers except Walmart, forcing others to increase prices
and allowing Walmart to charge more than in a competitive market. (2) In ex-
change, Walmart protects Energizer by raising its prices for Duracell batteries so
as to avoid undercutting Energizer batteries. In this way, Energizer profits not
only from higher wholesale revenues but also by making its main competitor less
competitive at Walmart.13

In early 2021, there were reports that Energizer punished some retailers who
priced below Walmart by first issuing warnings and then raising wholesale prices
if they did not comply. Our model did not focus on this conduct, as it occurred
later in the data period and appears limited in scale, given that Walmart’s prices
were usually lower than those of most retailers.

2.2 Data

Our data for the empirical analysis come from an omni-channel consumer panel
provided by Numerator, covering the period from 2018 to 2025. We restrict the
analysis to 2018–2021, excluding data from 2022 onward due to significant price
increases driven by inflation. The data capture households’ purchases through
receipt submissions across all categories, including both e-commerce and in-store
transactions.14 We define the pre-period and post-period as the periods before and
after the vertical agreement, respectively: the pre-period is 2018 to 2019 Q1, and
the post-period is 2019 Q2 to 2021.

For each receipt, defined as a “trip,” we observe the retailer visited or online
venue (e.g., Walmart, Target, or Amazon), along with the price, quantity, brand,
product category, and detailed product description for every product listed. We
identify battery purchases based on the major category “Household Batteries.” The

13See https : / / www . findlaw . com / legalblogs / consumer - protection / a - battery - of -
lawsuits-against-energizer-and-walmart-for-price-fixing/.

14Numerator collects data from users who voluntarily upload their receipts, so the consumer
panel may break if participants stop uploading. To capture as many battery transactions as possible,
we do not restrict the sample to consumers who remain active throughout the period. Instead, we
use all receipts recorded during this period, which corresponds to a cross-sectional snapshot of
consumer receipts. In Appendix B, we compare consumer characteristics before and after the case
study period of focus and find no substantial differences.
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purchase of batteries is relatively infrequent; overall, trips that include household
batteries account for only 0.98% of total shopping trips in our data. We also observe
consumer characteristics (see Appendix B) and map each consumer’s five-digit
ZIP code to the corresponding core-based statistical area (CBSA), subsequently
defining each CBSA-by-quarter as a market.

We use text analysis to extract the battery type (i.e., AA, AAA, or others) and
size (i.e., 4-, 6-, or 12-pack) from the product description. For example, “Energizer
MAX AA Alkaline 8 Pk” is classified as AA batteries in a pack of eight. We
focus on AA batteries for our main empirical exercises, which account for 43.23%
of household battery purchases, while AAA batteries, the second most popular
type, account for 30.61% and exhibit similar empirical patterns. We exclude 5.50%
of household battery purchases that do not specify battery types. For products
with missing pack information on the receipt, accounting for about 23.54% of
purchases, we use retailer, brand, and price information to impute the package size.
Appendix A discusses this procedure in detail. Between 2018 and 2021, we observe
approximately 1.87 million AA battery purchases made by 566,960 households.

Summary Statistics. Table 2 summarizes the key variables in the data for trips
that include at least one AA battery purchase. On average, consumers purchase
1.2 battery products per trip, with a median of 1. These battery products typically
contain 17.43 pieces per pack and are priced at $8.33 on average, with a median
price of $7.00. Batteries are usually bought alongside other products rather than
as the sole purchase in a trip, with only 8% of trips consisting solely of battery
products, not limited to AA batteries. On each trip, consumers purchase an average
of 18.13 items in total, with a median of 11.00, and the average total spending is
$79.97, with a median of $42.97.

Most trips involve visits to physical stores, with 11% occurring online. Of
these, the majority are Amazon purchases; excluding Amazon, online transactions
account for only 3%. Accordingly, in the empirical analysis we do not separately
consider the online channel, as it is primarily captured by Amazon.
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Mean Median Standard Deviation

Number of Battery Products per Trip 1.18 1.00 0.81
Battery Size 15.38 8.00 15.72
Price 8.33 7.00 6.15
Number of Products per Trip 18.13 11.00 23.07
Battery Only 0.08 0.00 0.28
Spending per Trip 79.97 42.97 102.89
Online Purchase 0.11 0.00 0.32
Online Purchase (Excluding Amazon) 0.03 0.00 0.18

Total Battery Sales 1,848,310
Number of Trips 1,562,501
No. of Consumers 566,960

Notes: The table summarizes the key variables in the data for trips that include at least
one AA battery purchase. A trip is defined as a unique basket or receipt. Number of battery
products per trip refers to the number of AA battery products purchased in a single trip.
Price is the retail price per unit of product. Battery Only is an indicator equal to one if the
trip consists solely of household battery purchases (not limited to AA batteries). Number of
products per trip refers to the total number of products (including non-battery items) in the
basket, while Spending per trip refers to the total payment made in a trip. Online purchase
is a dummy variable equal to one if the basket is an online purchase. Online purchase
(excluding Amazon) is equal to one if the basket is an online purchase made through a
retailer other than Amazon.

Table 2: Summary Statistics

3 Empirical Evidence

3.1 Retailer Competition

Figure 1a presents normalized retailer prices from 2018 to 2021 for Walmart, Dollar
Tree, Amazon, Dollar General, Costco, Target, and all other remaining retailers.
Prices are normalized to each product’s pre-agreement level. Products are defined
as a specific combination of brand line (e.g., Energizer Max, Duracell Coppertop)
and pack size (e.g., 4, 8, or 12 batteries per pack).15 The vertical line at the second

15For Amazon, because products and product lines are sold by numerous individual third-party
sellers rather than a single centralized retailer (as in, e.g., Walmart or Target), we normalize prices
using the product identifier in the data rather than our definition of a product, which is a specific
combination of battery line and package size. Prices on Amazon are also more volatile, reflecting
the decentralized pricing decisions of many individual sellers.
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quarter of 2019 marks the timing of the vertical agreement. With the exception
of Dollar Tree, all retailers significantly increased their prices after the agreement.
Dollar Tree, being a fixed-price retailer, kept its battery products at $1 throughout.
Dollar General exhibits a particularly large increase, driven primarily by Energizer
products (see the decomposition in Appendix D). Since Dollar General’s prices
were typically lower than those of other retailers, its battery prices rose more
sharply after the agreement to maintain Walmart’s competitiveness.

Figure 1b presents the market shares for Walmart, Dollar Tree, Amazon, Dollar
General, Costco, Target, and all other remaining retailers. Walmart experienced
a decline in market share, much of which was absorbed by Dollar Tree. Large
retailers besides Walmart and Dollar Tree display relatively stable market shares,
suggesting that substitution occurs more within retailers than across them. Ama-
zon’s share has increased since 2020, largely reflecting the broader trend toward
online shopping. The remaining smaller retailers show a gradual decline in market
share. Appendix E further decomposes retailer shares by brand, showing that
Walmart’s decline is primarily driven by a reduction in Duracell sales, while Dollar
Tree’s increase comes mainly from its own brands other than Energizer or Duracell,
most notably its private label E-Circuit.

Section 2.2 shows that battery purchases are usually not made as stand-alone
purchases but are bundled with other grocery shopping trips. We examine grocery
shopping trip patterns by retailer in Appendix F. We find that the overall shares of
trips across retailers and the number of other products purchased per trip remain
relatively stable over time and therefore do not explain the changes in retailers’
shares of battery purchases.

3.2 Retail Prices

Figure 2a and Figure 2b plot normalized retailer prices from 2018 to 2021, with
prices normalized to each product’s pre-agreement level, for Walmart and other
retailers, respectively. At Walmart, retail prices of both Energizer and Duracell
products increased, with Duracell rising more than Energizer. At other retailers,
prices of both brands also increased, but Energizer rose more than Duracell.
Appendix C shows that the cost of inputs related to battery manufacturing does
not exhibit a significant increase that coincides with the rise in retail prices. In
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Notes: The upper panel displays quarterly prices from 2018 to 2021 for different retailers,
including Walmart, Dollar Tree, Amazon, Dollar General, Costco, Target, and all other
remaining retailers, normalized to each product’s pre-agreement price. The vertical line at
the second quarter of 2019 marks the timing of the vertical agreement. The lower panel
shows the quarterly market shares for these retailers.

Figure 1: Retailer Prices and Market Shares by Retailer from 2018 to 2021

Appendix D, we show that private-label batteries do not exhibit a statistically
significant increase in prices.

We estimate the following regression to quantify changes in retailer prices for
Energizer and Duracell, as well as for other brands. The outcome variable is the

16



.98

1

1.02

1.04

1.06

1.08

N
or

m
al

iz
ed

 R
et

ai
l P

ric
e

2018 2019 2020 2021

Energizer Duracell

(a) Retail Prices at Walmart

1

1.05

1.1

1.15

1.2

N
or

m
al

iz
ed

 R
et

ai
l P

ric
e

2018 2019 2020 2021

Energizer Duracell Dollar Tree

(b) Retail Prices at Other Retailers
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and Eveready) and Duracell, normalized to their respective pre-agreement prices for each
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Duracell Coppertop) and pack size (e.g., 4, 8, or 12 batteries per pack). The vertical line at
the second quarter of 2019 marks the timing of the vertical agreement. The lower panel
shows quarterly prices at other retailers for Energizer, Duracell, and Dollar Tree’s battery
products.

Figure 2: Retail Prices from 2018 to 2021

log of the retail price of product g from retailer j on trip i in quarter t:

log pijgt = β1 1{Energizer}g × 1{Post}t + β2 1{Duracell}g × 1{Post}t

+ β3 1{Post}t + ϕjg + τt + ϵijgt,
(1)
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where the specification includes indicator variables for: (i) Energizer brands in
the post-agreement period, (ii) Duracell brands in the post-agreement period,
and (iii) all products in the post-agreement period. The fixed effects ϕjg absorb
cross-sectional variation at the product-by-retailer level. We also include a linear
time trend τt to account for the upward trend in retail battery prices.

All Retailers Walmart Other Retailers

1{Energizer}g × 1{Post}t 0.057*** 0.012 0.088***
(0.022) (0.014) (0.024)

1{Duracell}g × 1{Post}t 0.070*** 0.047*** 0.072***
(0.021) (0.014) (0.022)

1{Post}t -0.008 -0.004
(0.018) (0.017)

τ 0.001* 0.003** 0.001
(0.001) (0.001) (0.001)

Product-by-retailer fixed effects Yes Yes Yes

No. of observations 1,695,180 514,517 1,180,663
Adjusted R-squared 0.957 0.934 0.956

Notes: The table reports the estimates from Equation (1) with the log of retail price as the
dependent variable. Column 1 includes observations from all retailers, Column 2 focuses
on observations from Walmart retailers (Walmart, Sam’s Club, and Walmart Neighborhood
Market), and Column 3 focuses on observations from non-Walmart retailers. For Walmart,
we exclude 1{Post}t in Equation (1) because the majority of its sales come from either
Energizer or Duracell. Robust standard errors are clustered at the product-by-retailer level.
Significance levels: *(p < 0.10), **(p < 0.05), ***(p < 0.01).

Table 3: Changes in Retail Prices by Brand and Retailer

Column 1 of Table 3 reports the regression estimates using all retailer obser-
vations. Energizer and Duracell’s prices increase by exp(0.057)− 1 = 5.9% and
exp(0.070)− 1 = 7.3%, respectively, while prices for other brands do not exhibit a
significant change. Columns 2 and 3 of Table 3 separate the estimates for Walmart
and other retailers.16 At Walmart, Energizer’s price rises by exp(0.012)− 1 = 1.2%,
although the effect is not statistically significant, whereas Duracell’s price increases
significantly by exp(0.047)− 1 = 4.8%, consistent with the agreement that Wal-
mart would raise Duracell’s retail prices. At other retailers, Energizer’s retail price

16For Walmart, we include all Walmart-affiliated retailers, including Walmart, Sam’s Club, and
Walmart Neighborhood Market. In addition, we exclude 1{Post}t in Equation (1) because the
majority of its sales come from either Energizer or Duracell (see Table 1).
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increases by exp(0.088)− 1 = 9.2%, which is larger than Duracell’s increase of
exp(0.072)− 1 = 7.5%. Other brands again show no significant change following
the agreement, which is consistent with Appendix D, where most of the remaining
brands, primarily private-label batteries, do not exhibit a statistically significant
increase in prices.

The empirical results are similar to Miller and Weinberg (2016), who document
an abrupt increase in retail prices for ABI and MillerCoors following the horizontal
merger between Miller and Coors in the beer industry. Our setting, however, differs
in several key respects. First, we study a vertical agreement rather than a horizontal
merger. Second, the extent of the retail price increases differs across Energizer and
Duracell and between Walmart and other retailers. On the other hand, Miller and
Weinberg (2016) find broadly similar magnitudes of price increases across firms,
with ABI experiencing only slightly smaller increases than MillerCoors.

Conduct Scenarios. In the framework presented in Section 4, we test several
conduct scenarios, including vertical conduct between Energizer and Walmart,
horizontal coordination in the upstream manufacturing market, horizontal coor-
dination in the downstream retail market, and hub-and-spoke coordination with
either Energizer or Walmart as the hub, to assess whether these scenarios can
explain the empirical pattern. However, the observed price patterns, where prices
rise for both Energizer and Duracell, with a larger increase for Duracell at Walmart
and for Energizer at other retailers, are not replicated by these alternative conduct
scenarios. Instead, they point toward vertical bilateral internalization between
Energizer and Walmart.

3.3 Battery Sales

Figure 3a and Figure 3b present the shares of battery sales for Walmart and other
retailers, respectively. At Walmart, the second quarter of 2019 marks a notable
increase in Energizer’s sales, accompanied by a decline in Duracell’s sales. This
shift is consistent with the price changes: within Walmart, sales were steered
away from Duracell, which experienced a larger price increase, toward Energizer,
which had a smaller price increase. At other retailers, Dollar Tree shows an abrupt
increase in market share in the second quarter of 2019, as its price remained fixed at
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$1, leading much of the demand to be diverted there. Meanwhile, Energizer’s sales
gradually declined, while Duracell’s share increased, catching up with Energizer
by 2022.
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Notes: The upper panel plots quarterly battery sales shares at Walmart for Energizer

(including Rayovac and Eveready) and Duracell. The vertical line at the second quarter of
2019 marks the timing of the vertical agreement. The lower panel shows quarterly battery
sales shares at other retailers for Energizer, Duracell, and Dollar Tree’s battery products.

Figure 3: Battery Sales Shares from 2018 to 2021

We next estimate the following regression to examine how retailer sales changed
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for Energizer, Duracell, and other brands, using Equation (1). The dependent
variable is defined as the sales of product g from retailer j in quarter t, and the
regression is estimated using Poisson pseudo-maximum likelihood.17

All Retailers Walmart Other Retailers

1{Energizer}g × 1{Post}t -0.177*** -0.069 -0.172**
(0.069) (0.085) (0.077)

1{Duracell}g × 1{Post}t -0.182* -0.303** -0.029
(0.104) (0.126) (0.081)

1{Post}t 0.170*** 0.183***
(0.059) (0.062)

τ 0.017*** 0.025** 0.015**
(0.005) (0.012) (0.006)

Product-by-retailer fixed effects Yes Yes Yes

No. of observations 33,850 1,550 32,300

Notes: The table reports estimates from Equation (1) with sales as the dependent variable,
estimated using Poisson pseudo-maximum likelihood regressions. Column 1 includes
observations from all retailers, Column 2 focuses on observations from Walmart retailers
(Walmart, Sam’s Club, and Walmart Neighborhood Market), and Column 3 focuses on
observations from non-Walmart retailers. For Walmart, we exclude 1{Post}t in Equation (1)
because the majority of its sales come from either Energizer or Duracell. Robust standard
errors are clustered at the product-by-retailer level. Significance levels: * (p < 0.10), **
(p < 0.05), *** (p < 0.01).

Table 4: Changes in Sales by Brand and Retailer

Column 1 of Table 4 reports the regression estimates using all retailers. En-
ergizer and Duracell’s sales decrease by around exp(−0.177)− 1 = −16.2% and
exp(−0.182) − 1 = −16.6%, respectively. Column 2 of Table 4 shows that at
Walmart, Duracell experiences a much larger sales decrease (exp(−0.303)− 1 =

−26.1%) compared to Energizer (exp(−0.069)− 1 = −6.7%), which is consistent
with the magnitude of the price change. On the other hand, Column 3 of Table 4
shows that at other retailers, Energizer experiences a much larger sales decrease
(exp(−0.172)− 1 = −15.8%) than Duracell (exp(−0.029)− 1 = −2.9%), consistent
with the fact that Duracell’s price increase was smaller than Energizer’s. Other
brands exhibit an increase in sales in the post period, although these increases are

17Since many smaller brands and retailers record zero sales while larger brands have substantial
sales, we follow Chen and Roth (2024) and estimate the regression using Poisson pseudo-maximum
likelihood.
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not statistically significant. Overall, battery sales show an upward trend, which is
captured by the linear time trend.

4 Conceptual Framework

Motivated by the reduced-form evidence, we develop a simplified conceptual
framework that replicates the observed asymmetric pricing pattern: Duracell
prices rise more than Energizer prices at Walmart, while Energizer prices rise
more than Duracell prices at other retailers. We also show that alternative conduct
scenarios, aside from vertical coordination, cannot explain this pattern.

4.1 Market structure

We simplify the battery market to two manufacturers and two multi-product retail-
ers. Appendix G illustrates this simplified market structure, with two upstream
manufacturers, Energizer and Duracell, and two downstream retailers, Walmart
and Target. Energizer (E) and Duracell (D) each produce a single brand, while
Walmart (W) and Target (T) each carry both brands, yielding four products: Ener-
gizer at Walmart (EW), Energizer at Target (ET), Duracell at Walmart (DW), and
Duracell at Target (DT).

Manufacturers supply retailers at wholesale prices: Energizer and Duracell
charge Walmart wEW and wDW , respectively, and charge Target wET and wDT,
respectively. Given these wholesale prices, the multi-product retailers then set
retail prices for Energizer and Duracell, denoted by pEW and pDW at Walmart, and
pET and pDT at Target.

4.2 Battery Demand

We assume linear demand, with demand for the EW product is given by

DEW = a − b pEW + γs pET + γc pDW + γc pDT,

where γs > 0 captures cross-brand substitution within a retailer, while γc > 0
captures across-retailer substitution. We impose γs > γc, reflecting stronger
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substitution within a retailer than across retailers. Demand for the other three
products is specified analogously.

Motivated by the empirical observation that total battery sales do not decline
with price increases, as well as by the essential nature of batteries, we assume
aggregate demand is inelastic. Specifically, total battery demand is fixed at M, so
that

DEW + DET + DDW + DDT = M ∀p.

This condition holds if and only if b = γs + 2γc, which we impose as a parameter
restriction. Under this restriction, consumers only substitute across products; no
consumer exits the market in response to a price change.

4.3 Retail and Wholesales Pricing

Each manufacturer–retailer pair simultaneously negotiates a linear wholesale
price wij, taking all other contracts as given, as in Nash-in-Nash bargaining. In
the second stage, retailers set retail prices given the negotiated wholesale prices.
Manufacturer (E, D) and retailer (W, T) profits are defined as

πE = (wEW − cE) DEW + (wET − cE) DET,

πD = (wDW − cD) DDW + (wDT − cD) DDT,

πW = (pEW − wEW) DEW + (pDW − wDW) DDW , and

πT = (pET − wET) DET + (pDT − wDT) DDT,

where cE and cD denote the marginal production costs of manufacturers E and D,
respectively. For the Energizer–Walmart pair, the Nash product is

NEW =
(
πE − d−EW

E
)ρ(

πW − d−EW
W

)1−ρ,

where ρ ∈ [0, 1] denotes the manufacturer’s bargaining power, πE and πW are
the equilibrium profits of Energizer and Walmart, respectively, and d−EW

E and
d−EW

W are the disagreement payoffs in the subgame in which product EW is absent
from Walmart’s assortment.18 The wholesale price wEW is determined by the

18In computing the disagreement payoff, we assume that Walmart continues to internalize
Energizer’s profit because the vertical agreement, parameterized by θ, is a structural feature of the
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first-order condition associated with the Nash product. The wholesale prices for
other manufacturer–retailer pairs are determined analogously.

4.3.1 Bilateral Internalization

We model the vertical agreement using a reduced-form conduct parameter θ ∈
[0, 1), which captures the extent to which each party internalizes the other’s profit.
Following Crawford et al. (2018), we exclude the case of θ = 1 because, because
at this boundary the Nash bargaining solution over the wholesale price becomes
indeterminate. A value of θ = 0 corresponds to the standard no-internalization
baseline, while θ = 1 corresponds to full internalization. This internalization
makes sales through the favored retailer more valuable to the manufacturer, and
manufacturer profits more relevant to the retailer’s pricing decisions. Importantly,
the model does not impose any explicit no-undercutting or parity restriction on the
manufacturer, allowing it to replicate the observed pricing patterns that advantage
the parties to the agreement without relying on specific, but unobserved, RPM or
MFN instruments. A natural microfoundation for the conduct parameter is bilateral
contracting with transferable utility: Walmart and Energizer can use lump-sum
transfers, such as slotting allowances, marketing funds, co-op advertising payments,
or volume bonuses, to divide surplus while inducing partial internalization of each
other’s profits in the decisions they control. The estimated parameter therefore
indexes the degree of internalization achieved by the agreement, rather than any
specific contractual instrument. Relatedly, Collard-Wexler, Gowrisankaran, and
Lee (2019) formalize Nash-in-Nash bargaining as the equilibrium outcome of an
extensive-form game with bilateral pairs and lump-sum side payments; Crawford
et al. (2018) introduce an internalization weight on a vertically related party’s
profit, analogous to our θ, to capture post-merger conduct.

In Walmart’s pricing problem, the objective function is given by

ΠEW = πW + θπE.

Symmetrically, when Energizer bargains with other retailers, it behaves as if it

relationship rather than an outcome of any individual wholesale-price negotiation. Accordingly, θ
enters payoffs in both on-path and off-path states. This parallels Crawford et al. (2018), in which
the integration structure is taken as predetermined when firms bargain.
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internalizes Walmart’s profit. In the empirical model, we later relax this sym-
metry restriction. Retail and wholesale pricing under this conduct reflect three
mechanisms of vertical coordination (M1–M3), discussed below.

M1. Walmart internalizes the cross-product effect of pDW on Energizer’s profit.
The first-order condition for Duracell’s price at Walmart, pDW , is

∂πW

∂pDW
+ θ

∂πE

∂pDW
= 0,

∂πE

∂pDW
= γc

[
(wEW − cE) + (wET − cE)

]
> 0. (2)

A higher pDW diverts demand from Duracell at Walmart to Energizer at both retail-
ers, increasing the joint profits of the agreement parties. Bilateral internalization
therefore raises the rival brand’s retail price at Walmart and softens intra-retailer
brand competition.

M2. Energizer’s bargaining with Target internalizes the effect on Walmart’s
profit. When Energizer bargains over the wholesale price wET with Target under
bilateral internalization, its payoff from supplying Target is

SET
EW = θ

(
πW − d−ET

W
)︸ ︷︷ ︸

< 0

+
(
πE − d−ET

E
)
. (3)

This term enters the Nash product as Energizer’s payoff under bilateral internal-
ization. Because Energizer at Target competes with Energizer at Walmart, Walmart
is worse off when Energizer supplies Target. The first term is therefore negative,
reducing the joint surplus from supplying Target. As a result, bilateral internal-
ization raises wET, which is passed through to a higher pET and thereby softens
inter-retailer competition.19

M3. Duracell raises wholesale prices through weakened retailer disagreement
payoffs. The increase in wET from M2 also weakens Target’s disagreement payoff
in its separate bargaining with Duracell. When the Duracell–Target contract is

19For sufficiently large θ, SET
EW may become negative, in which case Energizer optimally refuses

to supply Target, resulting in an exclusive-dealing outcome.
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absent, Target’s profit comes only from Energizer–Target sales,

d−DT
T = (p−DT

ET − wET) D−DT
ET ,

which is decreasing in wET:
∂d−DT

T
∂wET

< 0.

A weaker outside option for Target translates into a higher equilibrium wholesale
price for Duracell,

∂w∗
DT

∂wET
> 0,

and, through retail pass-through, a higher pDT. Although Duracell is not a party to
the Walmart–Energizer agreement, it benefits indirectly from this spillover, while
Target’s consumers face higher retail prices for Duracell products as well.

We show that M1–M3, together with strategic complementarity in retail pricing,
can account for our empirical findings, generating asymmetric price increases
across retailers and higher overall market prices.

4.4 Equilibrium Retail Prices

The equilibrium consists of a vector of wholesale prices (w∗
EW , w∗

ET, w∗
DW , w∗

DT)

that simultaneously satisfy the four Nash bargaining first-order conditions, and
a vector of retail prices (p∗EW , p∗ET, p∗DW , p∗DT) that satisfy the four retailer first-
order conditions, with analogous conditions for Target in the absence of bilateral
internalization.

The cross-product channel (M1) raises pDW , making Duracell more expensive
at Walmart. By contrast, the upstream bargaining channel (M2) raises wET and
therefore pET, making Energizer more expensive at Target. Together, the increases
in pDW (M1), pET (M2), and pDT (M3) soften competition both within Walmart
and across retailers. Because retail prices are strategic complements, Walmart’s
best response is also to raise pEW , generating market-wide retail price increases
across all four products.

In this scenario, the vertical conduct functions as a raising-rivals’-costs strategy
(Salop and Scheffman 1983) on both sides of the market. On the upstream side, the
agreement raises Target’s wholesale cost through a higher wET; on the downstream
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side, it weakens Duracell’s position at Walmart through a higher pDW , reflecting
the Edgeworth-Salinger effect. Together, these mechanisms soften competition and
raise equilibrium prices across all four products.

Figure 4 plots the equilibrium retail prices simulated using the following
parameter values: M = 50, cE = cD = 1.0, γs = 0.3, γc = 0.5, ρ = 0.5, and b = 1.3,
with θ varying from 0 to 1. Figure 4a shows retail prices at Walmart. Under
bilateral internalization, prices rise for both brands, with a larger increase for
Duracell. Figure 4b shows retail prices at Target (representing other retailers in the
empirical context), where the increase is larger for Energizer. Prices increase for all
four products. These patterns align closely with the empirical evidence.
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Notes: The equilibrium retail prices are simulated based on the following parameter values:
M = 50, cE = cD = 1.0, γs = 0.3, γc = 0.5, ρ = 0.5, and b = 1.3, with θ varying from 0 to 1.

Figure 4: Equilibrium Retail Prices Under Vertical Conduct

4.4.1 Alternative Modeling Choices and Conduct Scenarios

An alternative would be to model the vertical agreement as a shift in Energizer’s
or Walmart’s bargaining power rather than as bilateral internalization. We do not
model the agreement in this way for three reasons. First, a shift in bargaining
power alone cannot reproduce the cross-product and cross-retailer pricing patterns
observed in the data: it would alter only wholesale prices, leaving Walmart’s retail
pricing of Duracell products (M1) unaffected. Second, a bargaining-power shift
would redistribute surplus between Walmart and Energizer in a zero-sum manner,
rather than generating the joint gains that motivate a bilateral agreement of this
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kind. Third, bargaining power is typically interpreted as a slow-moving structural
parameter reflecting market position and outside options, whereas the conduct
parameter θ more naturally captures the discrete shift in firm objectives triggered
by the agreement.

We also consider four alternative conduct scenarios: (i) upstream horizontal
coordination, in which Energizer and Duracell coordinate wholesale prices; (ii)
downstream horizontal coordination, in which Walmart and Target coordinate
retail prices; (iii) manufacturer hub coordination, in which both retailers internalize
Energizer’s profit in pricing and bargaining; and (iv) retailer hub coordination, in
which both manufacturers internalize Walmart’s profit in wholesale bargaining.

However, these alternative conduct scenarios are unable to replicate the em-
pirical retail price patterns. In particular, it is difficult to reproduce the observed
increase in prices for both brands, with a larger increase for Duracell at Walmart
and for Energizer at Target. See Appendix H for a detailed discussion of the
results.

5 Empirical Model

Building on the conceptual framework, we extend the model into an empirical
framework of battery demand, retail pricing, and wholesale price bargaining
between retailers and manufacturers to match the observed empirical patterns.

5.1 Demand

A market is defined as a CBSA–quarter combination. Consumer i obtains the
following indirect utility in each quarter t from purchasing battery product j at
retailer g, where g denotes a CBSA–retailer pair:

uijgt = apjgt + ϕj + ζg + τt + ηigt + (1 − λ)εijgt, (4)

where pjgt represents the retail price, ϕj is an index of unobserved product at-
tributes, and ζg represents an index of unobserved CBSA-retailer attributes. The
term τt denotes quarterly fixed effects, and the idiosyncratic group preference ηigt

follows a distribution such that εijgt also follows a Type 1 extreme value distribu-
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tion. The demand is therefore modeled as a nested logit, where the parameter
0 ≤ λ < 1 represents the correlation in utilities that consumers perceive among
products within the same retailer. When λ = 0, the model collapses to the standard
logit, and as λ increases, consumers become more likely to substitute toward other
battery products within the same retailer.

As batteries are a necessity product, we model demand as inelastic: consumers
must satisfy their unit demand by purchasing from one of the available retailers.
Consumers choose the retailer–product pair, or the outside option, Dollar Tree,
that maximizes their utility. The utility of the outside option, represented by Dollar
Tree, is normalized to the cost of one dollar, ui0t = a × 1.20

Based on Equation (4), for each consumer i, the choice probability of buying
product j from retailer g in quarter t is given by

sj|gt =
exp

(
δjgt

1−λ

)
Dgt

,

where δjgt = apjgt + ϕj + ζg + τt + ηigt, Dgt = ∑l∈Jgt exp
(

δlgt
1−λ

)
, and Jgt is the set

of products offered by retailer g in quarter t.

For each quarter t, consumers choose from the set of retailers available and
Dollar Tree (g = 0). We use Gt to denote the set and define D0t = exp

( 0
1−λ

)
= 1.

The unconditional probability of buying from retailer g is

sgt =
D1−λ

gt

∑l∈Gt D1−λ
lt

.

The unconditional probability of choosing product j from retailer g in quarter t
is given by sjgt = sj|gt × sgt.

5.2 Retailer Pricing

Retail prices follow standard Bertrand price competition, as outlined in Sec-
tion 5.2.1. For Walmart in the post-period, pricing differs from the pre-agreement

20This also implies that, in the counterfactual, Dollar Tree’s pricing is treated as exogenous,
which is consistent with our empirical finding that its E-Circuit batteries remain priced at $1 even
after the vertical agreement.
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period, as Walmart takes Energizer’s profit into account and can also set Ener-
gizer’s wholesale prices for other retailers. We discuss this change in Section 5.2.2.

5.2.1 Pricing Equations

Retailers may offer multiple products and set their product prices to maximize
profit:

πS
t (Jgt) = max

{plgt}l∈Jgt
∑

l∈Jgt

(
plgt − ωlgt

)
slgt(Pt)Mt.

where ωjgt is the wholesale price, assumed here to be the marginal cost to the
retailer, Pt is the set of prices pjgt over all products, retailers and quarters, and
Mt is the market size in quarter t. The first-order condition with respect to pjgt is
therefore:

sgt(Pt) +
∂sgt(Pt)

T

∂pgt
(pgt − ωgt) = 0, (5)

where sgt, pgt and ωgt are the vectors stacking all sjgt, pjgt and ωjgt across j
respectively.

Solving Equation (5) yields the pricing equations. In practice, there may be
additional marginal costs arising from labor or storage. However, since retailers
typically offer a large assortment of other non-battery products simultaneously, and
batteries are small in both price and size, these costs can be considered negligible.
We therefore assume that the retailer’s marginal cost of battery products is equal
to the wholesale price.

5.2.2 Post-Agreement Pricing at Walmart

We model the vertical agreement by assuming that Walmart maximizes a weighted
sum of profits, where the Walmart conduct parameter θW ∈ [0, 1) captures the
extent to which Walmart internalizes Energizer’s profit. Walmart’s retail pricing
problem is given by:

ΠEW = max
{pW

lt }l∈J W
t

{
∑

l∈J W
t

(
pW

lt − ωW
lt

)
sW

lt (Pt)Mt + θW ∑
g∈GE

t

∑
j∈J E

t

(
ωjgt − cj

)
sjgt(Pt)Mt

}
. (6)
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where cj denotes the input cost, i.e., the manufacturing cost incurred by battery
manufacturers to produce batteries; J W

t is the set of battery products available
at Walmart in quarter t; J E

t is the set of all Energizer products; and GE
t is the

set of retailers except for Walmart that sell Energizer products in quarter t. The
first-order conditions are as follows:

sW
t (Pt) +

∂sW
t (Pt)T

∂pW
t

(
pW

t − ωW
t

)
+ θW

∂sE
t (Pt)T

∂pW
t

(
ωE

t − cE
)
= 0, (7)

for pW
t = {pW

lt }l∈J W
t

.

5.3 Wholesales Price Bargaining

We model wholesale prices as the outcome of a bilateral bargaining process
between battery manufacturers and retailers, with product-specific wholesale
prices determined for each product. Bargaining occurs between each manufacturer
and each retail chain. The profit function for retail chain h is therefore

πS
t (Jht) = ∑

g: h(g)=h
πS

t (Jgt),

where Jht denotes the union of product assortments offered by all CBSA–retailers
belonging to chain h in quarter t. The profit function for upstream battery manu-
facturer m is given by:

πM(Em
t ) = ∑

(j,g)∈Em
t

(
ωjh(g)t − cj

)
sjgt(Pt)Mt,

where Em
t = J m

t × Gm
t is the set of all product–retailer pairs for manufacturer m in

quarter t. J m
t is the set of all products from manufacturer m, and Gm

t is the set of
all market-retailers that sell products from manufacturer m.

Wholesale prices are assumed to be determined through simultaneous Nash-
in-Nash bargaining between each battery manufacturer and the retailer for a given
product. The Nash product for retail chain h and battery manufacturer m at quarter
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t is

NP(ωmht, Ω−mht) =
[
πM(Em

t ; ωmht, Ω−mht)− dM(Em
t ; ∞, Ω−mht)

]ρmh (8)

·
[
πS(Jht; ωmht, Ω−mht)− dS(Jht; ∞, Ω−mht)

]1−ρmh ,

where ρmh is the manufacturer’s bargaining parameter, taking values between 0
and 1, and dS and dM are the disagreement payoffs. These are defined as the
payoffs when manufacturer m’s products are delisted from retailer-chain h only,
while all other products, including those of manufacturer m at other retailers and
those of other manufacturers at retailer-chain h, remain available.

The bargaining outcome is to find ωmht = {ωjht}j∈Jht∩J m
t

, which maximizes
the bilateral Nash product in Equation (8), given the wholesale prices between
other retailers and manufacturers:

ω∗
mht = arg max

ω
NP(ωmht, Ω−mht).

We solve for the wholesale prices based on the first-order condition; details are
provided in Section J.2.

Post-Agreement Re-Bargaining. Our main data do not contain information on
wholesale prices. However, using DecaData for a limited set of products and a
small subset of retailers, we find that wholesale prices increase after the vertical
agreement (see Appendix I). This suggests that changes in wholesale prices are an
important mechanism to capture. We therefore model re-bargaining as occurring
after the vertical agreement for all manufacturer–retailer pairs, leading to changes
in wholesale prices in the post-agreement period.

After the vertical agreement, when Energizer bargains with non-Walmart retail-
ers, the manufacturer-side payoff πM in Equation (8) is replaced by Energizer’s
joint objective:

SEW = ∑
g∈GE

t

∑
j∈J E

t

(
ωjgt − cj

)
sjgt(Pt)Mt + θE ∑

l∈J W
t

(
pW

lt − ωW
lt

)
sW

lt (Pt)Mt,

where the Energizer conduct parameter θE ∈ [0, 1) captures the extent to which
Energizer internalizes Walmart’s profit. Following Crawford et al. (2018), we
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exclude the case of θ = 1 because, because at this boundary the Nash bargaining
solution over the wholesale price becomes indeterminate.

Similarly, after the vertical agreement, when Walmart bargains with non-
Energizer manufacturers, the retailer-side payoff πS in Equation (8) is replaced
by Walmart’s joint objective, as defined in Equation (6). For Walmart–Energizer
negotiations, we allow both parties to partially internalize each other’s profits in
the agreement payoff through the conduct parameter, following the mechanism
described in Section 4.3.1. In computing the disagreement payoff for Walmart–
Energizer, we assume that each side continues to internalize the other’s profit
because the vertical agreement, parameterized by the internalization parameter, is
a structural feature of the relationship rather than an outcome of any individual
wholesale-price negotiation. Accordingly, the internalization parameter enters
payoffs in both on-path and off-path states. This parallels Crawford et al. (2018), in
which the integration structure is taken as predetermined when firms bargain.

6 Estimation

The model contains five sets of primitives to be estimated: demand parameters,
wholesale prices, battery input costs, bargaining parameters, and conduct param-
eters. Estimation proceeds in three steps. First, we estimate the demand system.
Second, we recover marginal costs from retailers’ pricing first-order conditions and
interpret these costs as wholesale prices. Third, we estimate the bargaining model
to recover bargaining power, input costs, and conduct parameters that rationalize
the wholesale prices obtained in the second step. We discuss each step in turn,
beginning with the demand side.

6.1 Demand

Based on the method in Berry (1994), we derive the following estimation equation
for demand:

ln(sjgt)− ln(s0t) = αpjt + ϕj + ζg + τt + λ ln(sjt|g) + ξ jgt.

Because unobserved demand shocks, ξ jgt, may be correlated with prices, we
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instrument for prices using supply-side cost shocks to zinc, potassium, and steel,
which are key input materials in battery production and important components of
manufacturing costs. These cost shifters are plausibly orthogonal to unobserved
demand shocks. The instruments include zinc and potassium price indices, the
battery manufacturing producer price index, and an indicator for periods of high
steel input costs, defined as a dummy equal to one when the steel price index
exceeds its sample median.21

We calculate market size as total battery sales observed in the data within
each CBSA–quarter, based on the assumption that aggregate battery demand is
inelastic. Market shares are then computed for each product j at retailer g within
each market.

6.2 Wholesales Prices

Based on the pricing first-order condition in Equation (5), we recover wholesale
prices, that is, retailers’ marginal costs for battery products, in the pre-agreement
period and for non-Walmart products in the post-agreement period. We use the
standard approach for estimating marginal costs under Bertrand price competition,
as discussed in Section J.1.

We parameterize the log wholesale price at the product–CBSA–retailer level as a
function of retail chain–product fixed effects, ω1h(g)j; retail chain–product-specific
post-agreement shifts, ω2h(g)j, which capture changes in wholesale prices after
the vertical agreement; and quarterly fixed effects, ω3

t :

log(ωjgt) = ω1
h(g)j + ω2

h(g)j × Postt + ω3
t + νjgt,

where Postt indicates quarters following the vertical agreement. We compute
the average wholesale price for each product, retail chain, CBSA, and quarter as
ω̂∗

jht = exp(ω̂1
h(g)j + ω̂2

h(g)j × Postt + ω̂3
t ), and use these values in the bargaining-

parameter estimation.

21Specifically, we collect from FRED the price indices for primary batteries (PCU3359123359120),
chemicals and allied products: chlorine, sodium hydroxide, and other alkalies (WPU06130302),
zinc (end use) (IR14260), and metals and metal products: iron and steel (WPS101).
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6.3 Input Costs and Bargaining Parameters

We parameterize input costs as

cj = mcm(j) × Qj,

where Qj denotes the size of battery product j (i.e., the number of pieces per pack),
and mc is the marginal cost of producing a single battery, which we allow to vary
across brands manufacturers.

Retailer Classification. We categorize retailers into four types: Walmart, large,
medium, and small. Walmart represents the top 75th percentile in sales, while the
large, medium, and small categories are defined as retailers whose battery sales
fall into the 50th–75th percentiles, the 25th–50th percentiles, and the bottom 25th
percentile, respectively. We allow bargaining parameters to vary across retailer
types.

6.3.1 Identification

We do not observe manufacturers’ battery input costs directly. This creates a key
identification challenge, as high wholesale prices may reflect either (i) high input
costs or (ii) strong manufacturer bargaining power. We therefore rely on additional
pre- and post-agreement variation in the data to separately identify input costs and
bargaining parameters. The estimation uses empirical moments from one quarter
before and one quarter after the vertical agreement, assuming that bargaining
parameters and input costs remain fixed over this short horizon. Under this
assumption, input costs are identified from the level of average wholesale prices.
Bargaining power is then identified from the change in wholesale prices relative to
the change in retail prices after the agreement: any pre-to-post shift in wholesale
prices reflects renegotiation over the retail margin. A larger increase in wholesale
prices relative to retail prices implies greater manufacturer bargaining power.

The Walmart conduct parameter is primarily identified from Duracell’s post-
period retail prices at Walmart. A larger Walmart conduct parameter implies that
Walmart internalizes more of Energizer’s profits and therefore raises Duracell’s
retail prices more aggressively. The Energizer conduct parameter is identified from
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Energizer’s post-period wholesale prices. Once bargaining power and input costs
are identified, the remaining variation in wholesale prices can be attributed to
conduct: greater internalization of Walmart’s profits by Energizer leads to larger
increases in wholesale prices charged to competing retailers.

6.3.2 Two-Step Generalized Method of Moments

We estimate 15 parameters, collected in the vector b: marginal costs for manufac-
turing Energizer, Duracell, and private-label products; two conduct parameters
θW and θE; bargaining power parameters for Energizer and Duracell across four
retailer types; and bargaining power parameters for private-label products across
above-medium and small retailer groups.22

In the inner loop, we solve for the model-implied wholesale prices ω̂∗
jht(b) for

each product that maximize the Nash product in both the pre-period (t = 0) and
the post-period (t = 1). In the outer loop, we choose b to minimize the distance
between the model-implied wholesale prices ω̂∗

jht(b) and the observed wholesale
prices ωjht. The moment condition is

E




1
|Jh0 ∩ J m

0 | ∑
j∈Jh0∩J m

0

(
ω̂∗

jh0(b)− ωjh0
)

1
|Jh1 ∩ J m

1 | ∑
j∈Jh1∩J m

1

(
ω̂∗

jh1(b)− ωjh1
)

 = 02×1.

For Energizer and Duracell products sold at Walmart after the vertical agree-
ment, wholesale prices cannot be separately recovered because they depend on the
conduct parameters. We therefore replace the moment condition in Section 6.3.2
with the restriction that, at the true parameter values, the model-implied retail
prices equal the observed retail prices. Section J.1.2 provides the details of the
price derivation.

E
[

p∗jh1(b)− pjh1

]
= 0. (9)

22We group Walmart, large, and medium retailers into a single above-medium retailer type for
private-label products because these retailers have relatively few private-label observations. We
also do not model bargaining with other small brands in the estimation, as most retailers primarily
offer Energizer, Duracell, and private-label products, while the remaining brands account for only
a small share of the market, as shown in Table 1.
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The vector g stacks 22 moment conditions: 20 wholesale-price moments from
Section 6.3.2 across brand–retailer-type pairs, and two retail-price moments from
Equation (9) for Duracell and Energizer products at Walmart in the post period.
We implement a two-step Generalized Method of Moments estimator with the
objective function

L(b) = g(b)′ W g(b).

In the first step, we estimate the model using an identity weighting matrix to
obtain an initial estimator, which we use to compute the optimal weighting matrix.
In the second step, we obtain the efficient estimator by weighting the moment
conditions with the optimal weighting matrix W.

7 Results

We first present the structural estimates, then discuss the equilibrium outcomes
and welfare measures from the counterfactual simulations.

7.1 Estimates

7.1.1 Demand Estimates

Table 5 presents the demand estimates. Column 1 includes product characteris-
tics, such as the number of batteries per pack and brand indicators for Energizer,
Duracell, and private-label products. Consumer utility increases with the number
of batteries in a pack. Consumers also derive similar positive utility from Ener-
gizer and Duracell, both of which exceed the utility associated with private-label
products. Column 2 further controls for product fixed effects, while Column 3
presents our preferred specification, which includes CBSA–retailer chain fixed
effects to account for the possibility that some retailers are more likely to be visited
because of their geographic presence in a CBSA. The estimates of λ range from
approximately 0.24 to 0.40 across specifications. The estimated nesting parameter
suggests that consumers are more likely to substitute across products and brands
within the same retailer than across retailers. We therefore use Column 3 as our
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main specification in the subsequent stages of the analysis.23 Appendix K further
presents the distribution of price elasticities based on our main specification in Col-
umn 3. The average own-price elasticity is approximately −2.76, while substitution
toward the outside option is relatively small, at approximately −0.34.

(1) (2) (3)

λ 0.373 0.403 0.237
(0.163) (0.080) (0.085)

Prices -0.237 -0.244 -0.259
(0.038) (0.020) (0.023)

Size 0.022
(0.006)

Energizer 0.451
(0.111)

Duracell 0.537
(0.130)

Private Label 0.128
(0.071)

Retailer Chain FEs Yes Yes
CBSA FEs Yes Yes
Quarter FEs Yes Yes Yes
Product FEs Yes Yes
CBSA–Retailer Chain FEs Yes

No. of Observations 401,413 401,413 401,413

Notes: The table shows the parameter estimates of the demand model. Standard errors (in
parentheses) are clustered at the CBSA–retailer–brand level.

Table 5: Demand Estimates

7.1.2 Wholesales Price Estimates.

Columns 2 and 4 of Table 6 report mean wholesale price estimates by retailer
type and manufacturer in the pre- and post-periods. Average wholesale prices
range from $2.4 to $7.0 and are consistently higher in the post-period. We do not
directly estimate post-period wholesale prices for Energizer and Duracell products
at Walmart, because these prices are functions of the conduct parameters; instead,

23We also estimate a random coefficient on price, but the standard deviation is small and not
statistically different from zero. Therefore, we use the nested logit model as our main specification.
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we use retail price moments for these observations. Appendix L further compares
the distribution of Duracell wholesale prices before and after the agreement and
shows a noticeable increase, highlighting the role of re-bargaining in explaining
Duracell’s price increase.

E[ω0] E[ω1]

Data Model Data Model

Energizer
Walmart 2.589 2.443 7.339 7.992
Large Retailers 6.525 6.537 6.973 6.933
Medium Retailers 3.437 3.410 4.027 4.063
Small Retailers 3.495 3.388 3.894 4.031

Duracell
Walmart 1.291 1.922 9.306 9.260
Large Retailers 6.332 6.303 6.769 6.870
Medium Retailers 4.642 4.679 4.985 4.956
Small Retailers 5.073 5.205 5.775 5.634

Private Labels
Medium Retailers 3.286 3.392 3.546 3.411
Small Retailers 2.421 2.496 2.607 2.527

Notes: The table reports model fit from the bargaining model. Columns 1 and 3 present
the empirical moments used in the GMM estimation, while Columns 2 and 4 report
the corresponding model-predicted moments. Underlined entries reflect the retail price
moment used in estimation, rather than a wholesale price.

Table 6: Model Fits

7.1.3 Input Cost and Bargaining Power Estimates

Table 7 reports the estimates from the wholesale-price bargaining model. The
table includes manufacturer marginal costs, bargaining-power parameters, and
the Energizer and Walmart conduct parameters. Standard errors, reported in
parentheses, are computed using the two-step GMM sandwich formula.

The estimated marginal costs are economically plausible and reflect meaningful
cost differences across brands. The marginal cost of producing one battery is ap-

39



proximately $0.20 for Energizer and similarly for Duracelly. Private-label batteries
have the lowest estimated marginal cost, around $0.05 per battery, consistent with
their lower-price positioning and more limited branding intensity.

The bargaining-power estimates indicate substantial heterogeneity between
manufacturer-retailer pairs. Energizer has very low bargaining power with Wal-
mart, with an estimate close to zero, implying that Walmart captures a large share
of the bilateral surplus in their negotiations. Energizer’s bargaining power is higher
with other large retailers, at 0.585, but lower when bargaining with medium-sized
and smaller retailers, where the estimates are around 0.3. Duracell also exhibits
relatively low bargaining power with Walmart, with an estimate around 0.13,
suggesting that Walmart has particularly strong leverage in negotiations with both
major national brands. By contrast, Duracell has substantially greater bargaining
power with other retailers: its estimates are around 0.4–0.5 for large, medium-sized,
and smaller retailers.

For private-label products, we constrain the bargaining-power parameters for
large and medium-sized retailers to be equal because of the limited number of
private-label observations in these groups. The estimates suggest that private-
label suppliers have relatively low bargaining power: the estimated bargaining
power is around 0.42 with large and medium-sized retailers and slightly higher, at
approximately 0.46, with smaller retailers.

The estimated Energizer–Walmart conduct parameters are similar, around 0.78–
0.79, indicating partial, but not complete, bilateral internalization of each party’s
profit.

Model Fits. Columns 3 and 5 of Table 6 further report the model’s predictions
for these brand–retailer pairs. The bargaining model is able to match the pre- to
post-agreement changes in wholesale prices, which are important for rationalizing
the retail price changes observed in the post-agreement period.

7.2 Counterfactual Simulations

We adopt an equilibrium concept in which each manufacturer and retailer forms
beliefs about the average retail price, p̄mrt, for each manufacturer–retailer type–
period group (m, r, t). Bargaining profits are evaluated based on these beliefs. In
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Energizer Duracell Private Labels

mc 0.212 0.246 0.116
(0.009) (0.066) (0.491)

ρmW 0.001 0.001
(0.017) (0.281)

ρmL 0.477 0.431 0.321
(0.009) (0.069) (1.541)

ρmM 0.214 0.372
(0.022) (0.063)

ρmS 0.260 0.398 0.377
(0.018) (0.074) (0.740)

θW = 0.764, θE = 0.837
(0.463), (0.236)

Notes: The table reports the parameter estimates of the wholesale price bargaining
model. The subscript m denotes manufacturer bargaining power; W refers to
Walmart, L to large retailers, M to medium retailers, and S to small retailers. θW is
Walmart’s internalization of Energizer upstream profit (EN@WM Nash and retail
markup); θE is Energizer’s internalization of Walmart retail profit (EN@nonWM
foreclosure channel). For private label, ρmL and ρmM are constrained to be equal;
the value is shown only under ρmL. Standard errors, shown in parentheses, are
computed using the two-step GMM sandwich formula. The average Energizer
wholesale price at Walmart increases from about $2.75 in the pre-period to
about $3.49 in the post-period. The average Duracell wholesale price at Walmart
increases from about $6.21 in the pre-period to about $6.46 in the post-period.

Table 7: Input Cost and Bargaining Power Estimates

equilibrium, beliefs must be internally consistent: the sales-weighted average of
Bertrand equilibrium prices must coincide with the beliefs used in the bargaining
stage.

To compute the counterfactual equilibrium, we initialize a vector of wholesale
prices, ω(0), and compute the corresponding Bertrand retail prices, p(0). We then
iterate on wholesale prices, updating to ω(k) and recomputing the associated retail
prices, p(k), until convergence to a fixed point. Convergence is defined as

max
m,r,t

∣∣ p̄(k+1)m, r, t − p̄(k)m, r, t
∣∣ < ϵ,

where ϵ = 10−3. Welfare is then computed as described in Section J.3.
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7.2.1 Retail and Wholesale Channels in Vertical Agreements

To assess the welfare effects of the Walmart–Energizer vertical conduct, we simulate
equilibrium outcomes under the estimated conduct parameters, θ̂, and compare
them with a benchmark without bilateral internalization, θ = 0. Table 8 reports
the resulting changes in consumer surplus, retailer profits, manufacturer profits,
total welfare, and retail prices relative to the benchmark.

Column 1 of Table 8 presents the equilibrium outcomes under the Walmart–
Energizer agreement. As discussed in Section 4, the agreement operates through
two channels: a retail-pricing channel, in which Walmart partially internalizes
Energizer’s profit when setting retail prices, and a wholesale-pricing channel, in
which Energizer partially internalizes Walmart’s profit when negotiating wholesale
terms. The results show that the agreement increases the profits of both Walmart
and Energizer, consistent with the bilateral internalization incentives present in the
model. On the other hand, most non-Walmart retailers, especially those carrying
Energizer products, lose from the agreement because they face higher wholesale
prices that raise their costs. Most manufacturers, including Duracell, benefit from
the agreement, although a small fraction are worse off. Consumers experience
substantial losses, driven primarily by higher retail prices.

To better understand the importance of combined vertical restraints that operate
jointly on the downstream retailer side and the upstream manufacturer side, we
separately simulate cases in which only one channel of the agreement is active.
Column 2 of Table 8 presents the scenario in which only the Edgeworth-Salinger
effect is present: Walmart internalizes Energizer’s profit when making retail-
pricing decisions using θ̂, while θ = 0 for Energizer. In this case, the agreement
only alters Walmart’s retail-pricing incentives in favor of Energizer. Walmart lowers
the average price of Energizer products and raises the average price of Duracell
products. Both Energizer and Walmart gain on average, while consumers lose
from higher prices.24 However, the magnitudes are small: the consumer-welfare
loss is only about 1.64% of the loss in the full-agreement scenario in Column 1,
suggesting that the retail-pricing channel alone has limited impact and may help
explain why the agreement involves more than this channel alone.

24Walmart may also benefit because, in the full equilibrium, prices at other retailers adjust as
well. Walmart’s pricing decisions can affect disagreement payoffs and negotiated wholesale terms,
which are not taken into account in the retail-pricing first-order condition alone.
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Wholesale & Retail Channels Retail Channel Wholesale Channel

Panel A: Surplus Changes ($10,000 per mil. consumers)
Consumer Surplus
∆CS -103.852 -1.724 -11.488
Retailer Profit
∆πS

Walmart 13.984 1.267 2.256
∆πS

Others -83.608 1.560 -6.345
Carrying Energizer -85.543 1.486 -6.547
Without Energizer 1.935 0.074 0.202

Fraction of retailers with loss (%) 30.750 0.250 49.250
Manufacturer Profit
∆πM

Energizer 11.349 0.555 4.567
∆πM

Duracell 3.788 0.172 0.664
∆πM

Others 7.129 0.989 4.862
Fraction of brands with loss (%) 3.500 2.750 1.500

Panel B: Price Changes (%)
%∆pWalmart

Energizer 2.997 -0.117 0.666
%∆pWalmart

Duracell 5.664 1.929 0.398
%∆pOthers

Energizer 5.457 0.059 6.410
%∆pOthers

Duracell 3.469 0.051 0.242
Carrying Energizer 3.417 0.053 0.251
Without Energizer 4.519 0.017 0.068

Notes: The table reports the equilibrium outcomes of the Walmart–Energizer
vertical conduct agreement relative to the baseline with no agreement. Column 1
reports the total effect of the agreement. Column 2 isolates the retail pricing effect
by fixing wholesale prices at their θ = 0 levels while setting retail conduct to
θ̂. Column 3 isolates the wholesale price effect by computing wholesale prices
under θ̂ while setting retail conduct to θ = 0. Panel A reports surplus changes
in units of $10,000, computed by dividing total surplus changes by the number
of consumers in the sample markets, scaling to a base of one million consumers.
∆πS

Others denotes the profit change for retailers other than Walmart; within this
group, retailers are split by whether they carry Energizer. ∆πM

Duracell and ∆πM
Others

denote wholesale profit changes for Duracell and the remaining manufacturers,
respectively. The fractions of retailers and brands that experience profit losses are
also reported. Panel B reports average retail price changes in percentage terms.

Table 8: Welfare Impacts of the Walmart–Energizer Vertical Conduct

Column 3 of Table 8 considers the counterfactual in which only the raising-
rivals’-costs channel is present: Energizer internalizes Walmart’s profit when
negotiating wholesale prices and charges higher wholesale prices to retailers
that compete with Walmart, thereby increasing their retail prices and benefiting
Walmart. However, Walmart does not adjust its own retail prices in response. In
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this case, Energizer gains from higher wholesale margins, while other retailers
carrying Energizer are worse off because their input costs rise. Consumers lose
from higher retail prices, but the welfare loss remains smaller than in the full-
agreement case, suggesting that the wholesale channel is important but that its
effects are amplified when combined with the retail-pricing channel.

Together, Table 8 shows that each channel benefits the parties to the agreement,
but neither channel alone generates effects as large as their combined impact. The
retail and wholesale channels are not independent: their interaction substantially
amplifies the overall effect, leading to larger price increases, greater gains for
Walmart and Energizer, and larger losses for consumers.

7.2.2 Comparison to Alternative Vertical Restraints

We further compare the estimated Walmart–Energizer agreement with several
standard forms of vertical restraints between manufacturers and retailers. These
counterfactuals help assess whether more conventional vertical arrangements can
generate similar welfare effects. We consider four scenarios: (i) an MFN clause
under which Energizer commits to offering Walmart the lowest wholesale price
among all retailers; (ii) RPM imposed by Energizer on other retailers, requiring
their resale prices to be no lower than Walmart’s; (iii) a price-parity constraint
imposed by Walmart, requiring Duracell’s price to be no lower than Energizer’s
price for each comparable sub-brand, with the sub-brand mappings reported in
Appendix M; and (iv) hub-and-spoke coordination with Walmart as the hub, under
which both Duracell and Energizer internalize Walmart’s profit using the estimated
conduct parameters.

Column 1 of Table 9 reports the results for the MFN restraint, an upstream
restraint under which Energizer offers Walmart the lowest wholesale price. The
MFN reduces consumer welfare while leaving the other parties weakly better off on
average, reflecting softer competition. Under the restraint, Walmart raises its retail
price, while other retailers lower their prices for Energizer products on average.
However, the overall effects are quantitatively small. Because Walmart already
receives relatively favorable wholesale terms in the baseline equilibrium, requiring
Energizer to offer Walmart the lowest wholesale price does not substantially alter
equilibrium wholesale prices or downstream outcomes.
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MFN RPM Price Parity Hub-and-Spoke

Panel A: Surplus Changes ($10,000 per mil. consumers)
Consumer Surplus
∆CS -0.639 -9.716 -0.008 -0.165
Retailer Profit
∆πS

Walmart 0.551 2.193 -0.001 0.038
∆πS

Others 1.040 -2.879 -0.003 -0.079
Carrying Energizer 0.773 -0.174 0.002 -0.044
Without Energizer 0.782 -0.093 0.002 -0.042

Fraction of retailers with loss (%) 5.750 11.000 3.750 63.500
Manufacturer Profit
∆πM

Energizer 0.156 0.504 0.000 0.047
∆πM

Duracell 0.133 0.570 0.000 0.013
∆πM

Others 0.752 7.141 0.011 0.071
Fraction of brands with loss (%) 2.757 2.005 2.005 1.504

Panel B: Price Changes (%)
%∆pWalmart

Energizer 0.124 0.171 0.005 0.758
%∆pWalmart

Duracell 0.104 0.148 3.128 0.673
%∆pOthers

Energizer -0.016 6.732 0.001 7.808
%∆pOthers

Duracell 0.005 0.095 0.003 6.345

Notes: The table reports equilibrium outcomes under four alternative vertical conduct
scenarios relative to a baseline with no vertical agreement. Column 1 considers a most-
favored-nation wholesale pricing clause requiring Energizer to offer Walmart the lowest
wholesale price available to any retailer. Column 2 considers resale price maintenance,
which imposes a retail price floor on Energizer products sold at Walmart. Column 3
considers a within-retailer price parity constraint under which Walmart’s Duracell prices
per pack size cannot be lower than its Energizer prices. Column 4 considers an arrangement
in which all brands at Walmart internalize Walmart’s profit, given θ̂, similar to hub-and-
spoke coordination. Panel A reports surplus changes in units of $10,000, computed by
dividing total surplus changes by the number of consumers in the sample markets, scaling
to a base of one million consumers. ∆πS

Others denotes the profit change for all retailers
other than Walmart; within this group, retailers are split by whether they carry Energizer.
∆πM

Duracell and ∆πM
Others denote wholesale profit changes for Duracell and the remaining

manufacturers, respectively. The fractions of retailers and brands that experience profit
losses are also reported. Panel B reports average retail price changes in percentage terms.

Table 9: Alternative Vertical Agreements
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Column 2 of Table 9 considers RPM imposed by Energizer on other retailers, an
upstream-imposed restraint on downstream retail prices. This restraint generates
a larger loss in consumer welfare. However, RPM primarily increases Walmart’s
profit while harming other retailers. Moreover, the joint gain to Walmart and
Energizer remains smaller than under the estimated vertical agreement, suggesting
that RPM alone does not replicate the full effects of the agreement.

Column 3 of Table 9 examines a downstream restraint: Walmart-imposed price
parity between Duracell and Energizer products. This counterfactual has limited
effects because Duracell is typically already priced above Energizer at Walmart
in the baseline equilibrium. As a result, the parity constraint binds only weakly.
Moreover, Walmart is worse off under this restraint, suggesting that it would have
little incentive to impose price parity absent a transfer. Overall, the counterfactual
leads to small losses for Walmart and other retailers, small gains for Energizer, and
only minimal reductions in consumer welfare.

Column 4 of Table 9 considers hub-and-spoke coordination with Walmart as
the hub, under which both Duracell and Energizer partially internalize Walmart’s
profit. Walmart, Duracell, and Energizer gain, while other retailers and consumers
are harmed. However, the overall effects remain smaller than under the estimated
Walmart–Energizer agreement.

Taken together, Table 9 shows that standard vertical restraints alone generate
much smaller effects than the estimated Walmart–Energizer agreement. MFN
and price parity bind only weakly, RPM harms Energizer absent transfers, and
hub-and-spoke coordination produces limited gains. The estimated agreement has
larger effects because it combines both the downstream retail-pricing channel and
the upstream wholesale-pricing channel, with this interaction affecting competition
across brands and across retailers.

Combined Vertical Restraints. We also examine outcomes under combined
standard upstream and downstream restraints in Table 10. Column 1 combines
an MFN clause, under which Energizer offers Walmart the lowest wholesale
price, with Walmart-imposed price parity requiring Duracell’s price to be no
lower than Energizer’s for each comparable sub-brand. Column 2 combines
RPM, under which Energizer requires other retailers’ resale prices to be no lower
than Walmart’s, with the same Walmart-imposed price-parity constraint. These

46



MFN + Price Parity RPM + Price Parity

Panel A: Surplus Changes ($10,000 per mil. consumers)

Consumer Surplus

∆CS -2.748 -11.593

Retailer Profit

∆πS
Walmart 0.828 2.368

∆πS
Others 0.568 -2.993

Carrying Energizer 0.978 0.061

Without Energizer 1.014 0.127

Fraction of retailers with loss (%) 2.250 9.250

Manufacturer Profit

∆πM
Energizer 0.682 0.669

∆πM
Duracell 0.248 0.693

∆πM
Others 2.292 8.401

Fraction of brands with loss (%) 1.754 2.005

Panel B: Price Changes (%)

%∆pWalmart
Energizer 0.173 0.201

%∆pWalmart
Duracell 3.293 3.322

%∆pOthers
Energizer 0.196 6.778

%∆pOthers
Duracell 0.022 0.336

Table 10: Combined Upstream and Downstream Vertical Restraints

counterfactuals isolate the stand-alone effects of MFN, RPM, and price parity,
absent the agreement’s internalization channels, and therefore generate smaller
price changes than bilateral internalization.

The key difference is the wholesale re-bargaining channel. Under bilateral inter-
nalization, Energizer’s non-Walmart wholesale price rises, increasing Energizer’s
wholesale margin. This strengthens Duracell’s bargaining position at non-Walmart
retailers, since higher Energizer prices shift demand toward Duracell and make
Duracell more valuable to those retailers. Under RPM without internalization,
Energizer’s retail prices at non-Walmart retailers may still rise, but its wholesale
margin is much smaller. As a result, the Duracell re-bargaining channel remains
weak, and Duracell prices at non-Walmart retailers change little.

The same logic explains the smaller effect on Energizer’s Walmart price. Under
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bilateral internalization, Walmart partially internalizes Energizer’s profit, lower-
ing Walmart’s effective input cost for Energizer and raising its optimal markup.
Walmart also raises the price of competing Duracell products, diverting demand
toward Energizer. Under RPM, these channels are absent because the price floor
applies to Energizer products at non-Walmart retailers, not at Walmart. Energizer’s
Walmart price therefore changes only indirectly through cross-retailer substitution,
generating a much smaller effect than under bilateral internalization.

8 Conclusion

This paper studies the market effects of a vertical agreement between a multi-
product retailer and a manufacturer in the consumer battery industry. Using
the alleged Energizer–Walmart agreement as a natural experiment, we document
significant price increases across major retailers and shifts in market shares toward
lower-priced private-label alternatives. To rationalize these patterns, we develop
an empirical model of multiproduct retail pricing with wholesale-price bargaining
and partial bilateral internalization between the two parties. The estimates suggest
that Walmart and Energizer partially internalized each other’s profits, altering
both Walmart’s retail-pricing incentives and Energizer’s wholesale-pricing incen-
tives. Counterfactual simulations show that the agreement increased profits for
Walmart and Energizer while reducing consumer welfare through higher retail
prices and lowering other non-Walmart retailers’ profits through higher wholesale
prices. Alternative standard vertical restraints, including MFNs, RPM, retail price
parity, and hub-and-spoke coordination, do not replicate the magnitude of the
agreement’s estimated effects.

Taken together, the results suggest that vertical agreements between large
retailers and manufacturers can have welfare consequences comparable to those
of vertical integration, without necessarily involving a change in ownership, and
that these consequences depend critically on how restraints interact across the
upstream and downstream sides of the market rather than on any single contractual
instrument. The results highlight the limits of focusing on individual vertical
restraints in isolation when assessing competitive effects and incentives for vertical
coordination.
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A Package Size Imputation

We impute missing battery package sizes, accounting for 23.54% of purchases,
using the following sequential procedure. At each step, the imputed size is
calculated as the average observed pack size for products matching the specified
criteria, and then rounded to the nearest whole number after taking the average. If
a product’s size cannot be imputed using the current criterion because no products
with observed size information match it, the product is carried forward to the next
step. The criteria, in order, are as follows:

1. Same retailer, same battery brand line, and same retail price (84.2%).

2. Same battery brand line and same retail price (10.2%).

3. Same retailer and same retail price (3.8%).

4. Same retailer, same battery brand line, and same rounded retail price (0.8%).

5. Same battery brand line and same rounded retail price (0.28%).

6. Same retailer, same battery brand, and same rounded retail price (0.25%).

7. Same retailer and same rounded retail price (0.19%).

8. Same battery brand and same rounded retail price (0.30%).

9. Same rounded retail price (0.02%).

10. All products in the dataset (0.006%).

The numbers in parentheses indicate the percentage share of the total missing-
size products that were imputed at each step. Figure A1 shows the distribution
of package sizes after imputation, with noticeable bunching at common package
sizes such as 4, 6, 8, 16, 24, and 48 per pack.
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Notes: Note: The figure presents the distribution of battery package sizes after imputation,
as described in Appendix A.

Figure A1: Distribution of Battery Package Sizes After Imputation

B Consumer Composition Comparison

Pre-Period Post-Period

Mean Standard Deviation Mean Standard Deviation

Female 0.81 0.39 0.83 0.38
Age 42.80 12.07 43.04 12.03
White 0.68 0.47 0.69 0.46
Household Size 3.25 1.52 3.21 1.52
College Graduate 0.61 0.49 0.61 0.49
Full-Time Employment 0.52 0.50 0.52 0.50
High Income 0.16 0.37 0.17 0.37
Medium Income 0.53 0.50 0.54 0.50

No. of Consumers per Quarter 252351.53 167307.94

Notes: The table summarizes consumer characteristics for cross-sectional observations,
with each line representing one consumer and values averaged across all consumers. Age
brackets are categorized into the following groups: 18-20, 21-24, 25-34, 35-44, 45-54, 55-64,
and 65+, with ages represented by the lowest value within each range. Household sizes
above 7 are grouped under the value 8. High-income and medium-income brackets are
categorized based on Numerator.

Table A1: Cross-Sectional Comparison of Consumer Composition
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Table A1 presents the summary statistics of consumer characteristics for all
trips (not limited to trips with battery purchases) during the periods before and
after the vertical agreement. While there are more consumers in the pre-period
and fewer in the post-period, their characteristics are largely similar.

C Battery Cost Index

Figure A2 displays quarterly average cost indices related to battery manufacturing
from 2018 to 2021, normalized such that each series equals 1 in 2019 Q1. We do not
observe a sharp increase in input costs that coincides with the rise in retail prices.
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Notes: The figure displays quarterly average cost indices related to battery manufacturing
from 2018 to 2021, normalized such that each series equals 1 in 2019 Q1. Zinc (IR14260) and
potassium (WPU06130302) are key chemical inputs; manufacturing (PCU3359123359120)
represents the producer price index for primary battery production; and steel (WPS101)
captures packaging and structural costs. All series are sourced from FRED. The vertical
line at the second quarter of 2019 marks the timing of the vertical agreement.

Figure A2: Battery Cost Index from 2018 to 2021
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D Retailer Prices By Retailer and by Brand
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Notes: The two panels display quarterly normalized prices for Energizer and Duracell,
respectively, from 2018 to 2021 across Dollar General and Target, which are major retailers
with relatively large shares in both brands, as shown in Table 1. Prices are normalized to
their respective pre-agreement prices for each product. Products are defined as a specific
combination of brand line (e.g., Energizer Max, Duracell Coppertop) and pack size (e.g., 4,
8, or 12 batteries per pack). The vertical line at the second quarter of 2019 marks the timing
of the vertical agreement.

Figure A3: Retailer Prices By Retailer and by Brand from 2018 to 2021

We plot the normalized prices for Energizer and Duracell from 2018 to 2021 at
Dollar General and Target, two major retailers with relatively large shares in both
brands, as shown in Table 1.

Figure A3a illustrates the retail price trend at Dollar General, where Energizer
products experienced a larger increase in prices. As a dollar store that offers dis-
counted (but not $1) Energizer products, Dollar General had to raise its Energizer
prices substantially to ensure Walmart’s Energizer products remained competitive.
On the other hand, Duracell’s products saw only a modest price increase.

Figure A3b shows the retail price trend at Target. Unlike Dollar General,
the divergence in price increases between Energizer and Duracell is much less
pronounced. Both Energizer and Duracell raised prices by a similar magnitude.
This is likely because Target has no other major battery brands besides Energizer
and Duracell to serve as substitutes (see Table 1), allowing Duracell to raise prices
significantly alongside Energizer.
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D.1 Retail Prices of Private-Label Products
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Notes: The left panel displays quarterly normalized prices for private-label products from
2018 to 2021 across Dollar General and Target, which are major retailers with relatively
large shares of private-label sales, as shown in Table 1, as well as for other retailers. Prices
are normalized to their respective pre-agreement prices for each product. Products are
defined as a specific combination of brand line (e.g., Energizer Max, Duracell Coppertop)
and pack size (e.g., 4, 8, or 12 batteries per pack). The vertical line at the second quarter of
2019 marks the timing of the vertical agreement. The right panel presents the estimates of
γq along with their 95% confidence intervals from Equation (A1). Robust standard errors
are clustered at the product-by-retailer level.

Figure A4: Retail Prices of Private-Label Products from 2018 to 2021

Figure A4a plots the quarterly normalized prices for Dollar General and Target,
two major retailers with relatively large shares of private-label sales, as shown
in Table 1, as well as for other retailers. Dollar General’s private-label batteries
experienced a substantial increase in retail prices, similar to the pattern observed
for other brands. At Target and other retailers, retail prices also display an upward
trend, though the increases are less pronounced.

In light of the unclear upward trends outside of Dollar General, we estimate the
following regression to assess the statistical significance of private-label product
price changes. The outcome variable is the normalized retail price of private-label
product g from retailer j on trip i in quarter t, where t measures the number of
quarters since 2018:

p̃ijgt =
15

∑
q=1,q ̸=5

γq1{t = q}+ ϕjg + ϵijgt, (A1)
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where the fixed effects ϕjg absorb cross-sectional variation at the product-by-retailer
level. The coefficient for the period prior to the vertical agreement (the first quarter
of 2019) is normalized to zero.

Figure A4b presents the estimates of γq along with their 95% confidence
intervals from Equation (A1). While there may appear to be an upward trend in
prices, the estimates are noisy, suggesting that the overall changes in prices are not
statistically different from zero.

E Retailer Market Shares by Brand

Figure A5a presents the retailer shares for Energizer, where Walmart’s share
increases over time while the shares of other retailers decline, indicating that
Walmart is the main substitution margin. The remaining retailers display relatively
stable shares throughout the period. Figure A5b shows the retailer shares for
Duracell, with Walmart experiencing a marked decline that is primarily absorbed
by Costco and Amazon. Figure A5c presents the shares for other remaining
brands, where Dollar Tree shows a significant increase and Amazon also exhibits
an upward trend, largely capturing sales from other retailers. The other major
retailers maintain relatively stable market shares.
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Notes: The three panels display quarterly retailer shares for Energizer, Duracell, and
Other Brands, respectively, from 2018 to 2021 across Walmart, Dollar Tree, Amazon, Dollar
General, Costco, Target, and all other remaining retailers. The vertical line at the second
quarter of 2019 marks the timing of the vertical agreement. Retailers with less than 1%
within-retailer market share for a given brand in 2018 are excluded from the corresponding
panels, consistent with the definition applied in Table 1.

Figure A5: Retailer Shares by Brand from 2018 to 2021

F Trends in Shopping Trips

Figure A6a displays the quarterly trip shares from 2018 to 2021, which remain
relatively stable, except for a sharp increase in Amazon’s share that reflects the
growing trend in e-commerce during this period. Overall trip shares differ from
the battery market shares shown in Section 3.1. With the exception of Walmart
and Amazon, most major retailers account for a smaller share of total trips than of
battery purchases.

Figure A6b displays the number of products purchased per trip, which has
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(b) Number of Products per Trip by Retailer
Notes: The upper panel displays quarterly trip shares from 2018 to 2021 for different
retailers, including Walmart, Dollar Tree, Amazon, Dollar General, Costco, Target, and all
other remaining retailers. The vertical line at the second quarter of 2019 marks the timing
of the vertical agreement. The lower panel shows the number of products purchased per
trip for these retailers.

Figure A6: Trip Shares and Number of Products per Trip from 2018 to 2021

remained relatively stable over time. The growth of e-commerce does not appear
to significantly reduce the number of items purchased during in-store trips. After
the second quarter of 2022, the number of products per trip increases slightly,
possibly due to higher demand or increased travel costs during the pandemic, but
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the change is modest, about one or two additional products on average.

G Market Structure

Figure A7a illustrates the non-internalization baseline. Suppose Energizer enters
into a vertical agreement with Walmart, as shown in Figure A7b. Under bilateral
internalization, the parties maximize a weighted sum of their joint profits, weighted
by a conduct parameter. This setting is analogous to (partial) vertical integration,
in which Walmart no longer treats the wholesale price wEW as given, but instead
takes into account Energizer’s marginal cost when determining its retail price.

H Alternative Conduct Scenarios

Following the model setup in Section 4, we consider three alternative conduct
scenarios: (i) full horizontal coordination in the upstream market, in which Ener-
gizer coordinates with Duracell; (ii) full horizontal coordination in the downstream
market, in which Walmart coordinates with Target; and (iii) hub-and-spoke co-
ordination, in which Energizer coordinates with both Walmart and Target, each
indexed by a scalar conduct parameter in [0, 1].

H.1 Upstream Manufacturer Coordination

Under Upstream Manufacturer coordination, Energizer and Duracell coordinate
so that each manufacturer’s effective bargaining surplus includes a fraction ϕ

of the rival’s change in profit. For Energizer–Walmart bargaining, the effective
manufacturer profit becomes

SEW
E (ϕ) =

(
πE − d−EW

E
)
+ ϕ

(
πD − d−EW

D
)︸ ︷︷ ︸

<0

, (A2)

The second term in Equation (A2) implies that Duracell is worse off when Energizer
sells at Walmart due to demand substitution. The same logic applies to all four
manufacturer–retailer pairs. Retailer first-order conditions remain unchanged from
Section 4, given that θ = 0.
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(b) Vertical Conduct
Notes: The upper panel shows the baseline non-internalization case, in which Energizer
and Duracell each sell a product through two multiproduct retailers, who then set retail
prices. The lower panel shows the vertical bilateral internalization case, in which Energizer
and Walmart internalize each other’s margins while also affecting Duracell’s retail price at
Walmart and Energizer’s wholesale price to Target.

Figure A7: Market Structure: Non-internalization Baseline vs. Vertical Conduct

Upstream coordination therefore reduces the manufacturer’s profit from each
bilateral relationship relative to the non-internalization case, leading to higher
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wholesale prices across all retailers. As a result, all four retail prices increase
monotonically in ϕ, as shown in Figure A8. This pattern is inconsistent with the
asymmetric price changes between Walmart and Target observed in the data.
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(b) Target Retail Prices
Notes: The equilibrium retail prices are simulated based on the following parameter values:
M = 50, cE = cD = 1.0, γs = 0.3, γc = 0.5, ρ = 0.5, and b = 1.3, with ϕ varying from 0 to 1.

Figure A8: Equilibrium Retail Prices Under Upstream Manufacturer Coordination

H.2 Downstream Retailer Coordination

Under downstream retailer coordination, each retailer internalizes the other re-
tailer’s profit when setting retail prices. Walmart’s first-order condition for pEW

becomes

∂πW

∂pEW
+ ψ

∂πT

∂pEW
= 0,

∂πT

∂pEW
= mET γs + mDT γc > 0,

where mET = pET −wET and mDT = pDT −wDT denote Target’s retail margins. An
increase in pEW at Walmart diverts demand to Energizer at Target and to Duracell at
Target, both of which benefit Target. Downstream coordination therefore raises all
four retail prices simultaneously. The same retail pricing logic applies analogously
to pDW , pET, and pDT. Wholesale Nash–Nash bargaining remains unchanged from
Section 4, given that θ = 0.

Figure A9 shows the equilibrium retail prices at Walmart and Target. All four
retail prices increase monotonically in ψ. This pattern is again inconsistent with

65



the asymmetric price changes between Walmart and Target.25
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(b) Target Retail Prices
Notes: The equilibrium retail prices are simulated based on the following parameter values:
M = 50, cE = cD = 1.0, γs = 0.3, γc = 0.5, ρ = 0.5, and b = 1.3, with ψ varying from 0
to 1. Results for ψ > 0.9 are omitted, as the joint profit–maximizing retail price becomes
unbounded under perfectly inelastic aggregate demand.

Figure A9: Equilibrium Retail Prices Under Downstream Retailer Coordination

H.3 Hub-and-Spoke Coordination: Energizer as the Hub

Energizer acts as a hub, while both retailers, acting as spokes, internalize En-
ergizer’s profit in their retail pricing and wholesale bargaining decisions. The
same three channels that operate under vertical Energizer–Walmart coordination
in Section 4 apply symmetrically at both Walmart and Target.

Retail Prices. Target’s first-order condition for pET includes an additional term:

∂πT

∂pET
+ θ

∂πE

∂pET
= 0,

∂πE

∂pET
= (wEW − cE) γs + (wET − cE)(−b).

Hub-and-spoke coordination may lower pET by reducing double marginaliza-
tion at Target; the same logic applies to pEW , thereby lowering Energizer’s retail
prices at both Target and Walmart. In addition, Duracell’s retail prices increase at
both retailers in order to favor Energizer products.

25Because aggregate demand is perfectly inelastic, the joint profit–maximizing retail price is
unbounded: coordinated retailers can raise all prices proportionally without reducing total volume.
We therefore report results only for ψ ≤ 0.9.
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Wholesale Prices. Under hub-and-spoke coordination, Target also internalizes
Energizer’s profit when bargaining. Each spoke values Energizer’s profit and is
therefore willing to pay a higher wholesale price:

SET
T (hub) =

(
πT − π−ET

T
)
+ θ

(
πE − π−ET

E
)︸ ︷︷ ︸

>0

.

The equilibrium prices under hub-and-spoke coordination are therefore quali-
tatively different, as shown in Figure A10. Duracell retail prices increase at both
retailers, while the retail channel pushes Energizer’s retail prices downward by
reducing double marginalization. At the same time, the wholesale channel pushes
Energizer’s retail prices upward because retailers pay higher wholesale prices for
Energizer products. As a result, Duracell prices rise more than Energizer prices at
both Walmart and Target.
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Notes: The equilibrium retail prices are simulated based on the following parameter values:
M = 50, cE = cD = 1.0, γs = 0.3, γc = 0.5, ρ = 0.5, and b = 1.3, with θ varying from 0 to 1.

Figure A10: Equilibrium Retail Prices Under Hub-and-Spoke Coordination with
Energizer as the Hub

H.4 Hub-and-Spoke Coordination: Walmart as the Hub

Walmart acts as a hub, coordinating bilaterally with both Energizer and Duracell
simultaneously. The coordination operates through wholesale bargaining: each
manufacturer, acting as a spoke, internalizes Walmart’s profit change when negoti-
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ating its own Target contracts. Energizer’s effective surplus at Target becomes

SET
E (W-hub) =

(
πE − π−ET

E
)
+ θ

(
πW − π−ET

W
)︸ ︷︷ ︸

<0

.

Energizer therefore bargains for a higher wET, which passes through to a higher
pET. The same mechanism applies symmetrically to Duracell at Target. Because
Target prices rise more than Walmart prices, the equilibrium price gap shifts
demand toward Walmart. As a result, Figure A11 shows that prices increase for
both Energizer and Duracell at both retailers, but without the asymmetric pricing
pattern observed in the data.
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Notes: The equilibrium retail prices are simulated based on the following parameter values:
M = 50, cE = cD = 1.0, γs = 0.3, γc = 0.5, ρ = 0.5, and b = 1.3, with θ varying from 0 to 1.

Figure A11: Equilibrium Retail Prices Under Hub-and-Spoke Coordination with
Walmart as the Hub

I Trends in Wholesale Prices

The main data used in our analysis do not contain information on wholesale
prices. To assess wholesale price patterns, we therefore use DecaData (http:
//decadata.io), which provides wholesale prices for a limited set of products and
a small subset of retailers from 2018 to 2021. Figure A12 plots wholesale prices
for 8-pack battery products for Energizer Max and Duracell Coppertop and the
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corresponding retailer prices in those retailers, showing that these prices increase
after the vertical agreement.

5

6

7

8

9

10
Pr

ic
e

2018q1 2019q1 2020q1 2021q1 2022q1
Year-Quarter

Energizer Max AA 8pk wholesale price
Duracell Coppertop AA 8pk wholesale price
Energizer Max AA 8pk regular sticker price
Duracell Coppertop AA 8pk regular sticker price

Notes: The figure plots quarterly retail and wholesale prices for 8-pack battery products
for Energizer Max and Duracell Coppertop, respectively. The vertical line at the second
quarter of 2019 marks the timing of the vertical agreement.

Figure A12: Wholesale Prices from 2018 to 2021

J Estimation Details

J.1 Retail Pricing First-Order Conditions

We define the demand Jacobian Dgt = ∂sgt/∂pgt. We further partition products
within a market into three groups:

WE = {j : j ∈ J W
t ∩ J E

t } (Walmart-Energizer),

WD = {j : j ∈ J W
t , j /∈ J E

t } (Walmart non-Energizer),

OE = {(j, g) : j ∈ J E
t , g ∈ GE

t } (non-Walmart Energizer),

where J W
t is Walmart’s product assortment, J E

t is the set of all Energizer products,
and GE

t is the set of non-Walmart retailers carrying Energizer in quarter t. The
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sub-Jacobians are:

DW = [D]W,W , DW,OE = [D]W,OE, DOE = [D]OE,OE,

where [D]A,B denotes the submatrix of the demand derivative matrix with rows
corresponding to products in group A and columns corresponding to products
in group B. Each element [D]kl

A,B captures the sensitivity of the market share of
product k ∈ A to a change in the price of product l ∈ B, that is,

[D]kl
A,B =

∂sk
∂pl

, for k ∈ A, l ∈ B.

J.1.1 Wholesale Prices

Before the vertical agreement, all retailers maximize their own retail profits. Solving
Equation (5) for wholesale prices yields:

DW (pW − ω
pre
W ) = sW , =⇒ ω

pre
W = pW − D−1

W sW ,

where ω
pre
W denotes Walmart’s wholesale price vector in the pre-agreement pe-

riod.In the post-agreement period, this remains the same for non-Walmart retailers.

J.1.2 Post-Agreement Walmart Prices

Basedon the Bertrand first-order condition in Equation (7), the retail price for
Walmart products in the period is as following:

ppost
W (θ) = ωW + D−1

W sW︸ ︷︷ ︸
pbase

W

− θ D−1
W DW,OE D−1

OEsOE︸ ︷︷ ︸
pcoef

W

,

where pbase
W,j is the retail price at θ = 0. For non-Energizer products, such as

Duracell, DW,OE captures substitution toward Energizer through positive cross-
price derivatives, while D−1

OEsOE is negative. Hence, pcoef
W,j < 0 and −θpcoef

W,j > 0, so a
higher θ raises Duracell’s retail price. Therefore, the conduct parameter θ is mainly
identified from the observed post-agreement increase in Duracell’s retail price at
Walmart.
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J.2 Nash First-Order Condition

Taking logs and differentiating Equation (8) with respect to ωmht gives the Nash
first-order condition:

ρm,h(g)

∆U
mg,t

∂πM
t

∂ωmht
+

1 − ρm,h(g)

∆D
mg,t

∂πS
t

∂ωmht
= 0.

We assume fixed retail prices, ∂pmht/∂ωmht = 0 (Crawford et al. 2018; Dragan-
ska, Klapper, and Villas-Boas 2010; Ho and Lee 2017). Under this assumption, only
the direct margin effect remains:

∂πS
t

∂ωmht
= −sjgt, Mt,

∂πM
t

∂ωmht
= sjgt, Mt.

We then obtain the closed-form wholesale price

ωmht = ρm,h(g)pmht +
(

1 − ρm,h(g)

)
cU

mht,

where cU
mht denotes the manufacturer’s effective disagreement cost. We then solve

the resulting linear system for the vector of wholesale prices.

J.2.1 Bargaining Implementation Details

For each manufacturer–retailer pair (m, g) in period t, we solve for the average
wholesale price that satisfies the retailer-level Nash first-order condition in Sec-
tion J.2. Having obtained ω̄∗

mg,t, we then recover individual-product wholesale
prices by scaling each product’s predicted wholesale price proportionally within
the same retailer based on fixed effects:

ωjgt = ω̄∗
mg,t ·

ω̂jgt
¯̂ωmg,t

,

where ¯̂ωmg,t is the sales-weighted average of ω̂jgt across products sold by man-
ufacturer m at retailer g in period t. In this way, the recovered wholesale prices
preserve the empirical within-retailer cross-product price dispersion, reflecting
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sub-brand-level variation, while ensuring that the empirical mean matches the
model-implied Nash wholesale price ω̄∗

mg,t.

J.3 Welfare Calculation

We compute the following welfare measures for a given vector of equilibrium
wholesale prices:

Consumer Surplus. Using the nested-logit exact formula, consumer surplus is
given by

CS = ∑
t

Mt ·
1
−β

ln

(
1 + ∑

g
D1−σ

g

)
, (A3)

where Dg = ∑j∈g exp(Uj/(1 − σ)) is the nest-level inclusive value for nest g, and
σ is the nesting parameter.

Upstream Manufacturer Profits. Upstream manufacturer profit is computed as

ΠU = ∑
j,g,t

(ω∗
jgt − cj) sjgt Mt,

where cj = mcm(j) × Qj is the estimated upstream marginal cost.

Downstream Retailer Profits. Downstream retailer profit is computed as

ΠD = ∑
j,g,t

(pjgt − ω∗
jgt) sjgt Mt.

The counterfactual effect of the vertical agreement is measured as the difference
between θ = θ̂ and θ = 0 for each welfare measure.

K Price Elasticity

Figure A13 plots the distribution of estimated price elasticity. The average own-
price elasticity is around -2.81, while the aggregate price elasticity is relatively
small, at approximately -0.29.

72



4 3 2 1 0
0

200

400

600

800

1000

1200

1400

1600 Mean Own Elasticities
Aggregate Elasticities

Notes: The figure shows the distribution of price elasticities implied by the demand
estimates in Column 2 of Table 5.

Figure A13: Price Elasticity

L Distribution of Duracell’s Wholesale Prices

Figure A14 displays the distribution of wholesale prices for Duracell, estimated
from the retailer pricing model, for the pre-period and post-period, respectively.
The estimated wholesale prices show a noticeable increase in the post-period
relative to the pre-period: the average rises from $5.50 to $6.07, representing
a 10.36% increase. This pattern highlights the significance of the re-bargaining
process.
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Figure A14: The figure shows the distribution of Duracell wholesale prices, es-
timated from the retailer pricing model, in the pre- and post-agreement periods.
The gray bars represent the period before the vertical agreement between Walmart
and Energizer, while the transparent black bars represent the period after the
agreement. The average Duracell wholesale price at Walmart increases from about
$6.21 in the pre-period to about $6.46 in the post-period. Similarly, the average
Duracell wholesale price at other retailers rises from about $6.17 to about $6.43.

M Sub-Brand Tier Mappings

In the counterfactual analysis, we set wholesale or retail price floors for each
corresponding sub-brand, as shown in Table A2. For the MFN and RPM coun-
terfactuals, each Energizer Holdings sub-brand faces a wholesale (MFN) or retail
(RPM) price floor equal to its mean per-pack price at Walmart. For the price parity
counterfactual, the average per-size price of Duracell is constrained to be at or
above the lower of the Energizer and Rayovac brand prices within the same tier at
Walmart.
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Duracell Energizer Holdings

Tier Sub-Brand Positioning Energizer Rayovac

Mainstream alkaline CopperTop Value-tier alkaline MAX High Energy

Ultra-premium Quantum Longest-lasting Ultimate
Lithium

Fusion

High-performance Optimum Premium alkaline Ultimate
Lithium

Fusion

Rechargeable NiMH Recharge Rechargeable Recharge Recharge

Professional Procell Industrial / bulk Industrial Ultra Pro

Note: When the sub-brand information is generic (e.g., Energizer or Duracell), we assign it to
the mainstream alkaline tier. Energizer Holdings includes both Rayovac and Energizer. For
the MFN and RPM counterfactuals, each Energizer Holdings sub-brand faces a wholesale
(MFN) or retail (RPM) price floor equal to that sub-brand’s mean per-pack price at Walmart.
For the price parity counterfactual, the average per-size price of Duracell is constrained to
be at or above the lower of the Energizer and Rayovac brand prices within the same tier at
Walmart.

Table A2: Sub-Brand Tier Mappings

75


	Introduction
	Literature Review

	Institutional Background and Data
	Institutional Background
	Data

	Empirical Evidence
	Retailer Competition
	Retail Prices
	Battery Sales

	Conceptual Framework
	Market structure
	Battery Demand
	Retail and Wholesales Pricing
	Equilibrium Retail Prices

	Empirical Model
	Demand
	Retailer Pricing
	Wholesales Price Bargaining

	Estimation
	Demand
	Wholesales Prices
	Input Costs and Bargaining Parameters

	Results
	Estimates
	Counterfactual Simulations

	Conclusion
	References
	Online Appendix
	Package Size Imputation
	Consumer Composition Comparison
	Battery Cost Index
	Retailer Prices By Retailer and by Brand
	Retail Prices of Private-Label Products

	Retailer Market Shares by Brand
	Trends in Shopping Trips
	Market Structure
	Alternative Conduct Scenarios
	Upstream Manufacturer Coordination
	Downstream Retailer Coordination
	Hub-and-Spoke Coordination: Energizer as the Hub
	Hub-and-Spoke Coordination: Walmart as the Hub

	Trends in Wholesale Prices
	Estimation Details
	Retail Pricing First-Order Conditions
	Nash First-Order Condition
	Welfare Calculation

	Price Elasticity
	Distribution of Duracell's Wholesale Prices
	Sub-Brand Tier Mappings


