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Abstract

Proponents of industrial policy argue that merger control should consider do-
mestic employment. I propose a model to assess how a product market merger
affects rival product entry, consumer welfare, and domestic employment. Firms
endogenously decide which products to offer. Domestic jobs depend on production
locations and equilibrium quantities in the product market. I estimate the struc-
tural parameters of this model for the U.S. home appliance industry. Using the
structural model, I examine the impact of Whirlpool’s acquisition of Maytag and
compare it to the impact of a counterfactual acquisition by a foreign buyer with no
prior presence in the U.S. market. Four key findings emerge from the comparison of
these two acquisitions: First, rival product entry is mostly independent of the ac-
quirer. Second, a Whirlpool acquisition leads to the removal of more merging party
products. Third, it always leads to lower consumer welfare. Fourth, a Whirlpool
acquisition leads to a smaller decrease in U.S. employment. I use these results to
estimate the job value necessary for domestic employment effects to offset consumer
welfare losses.
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1 Introduction

Foreign competition can make markets more competitive and benefit consumers (e.g. Bai
and Stumpner, 2019). It can also lead to the offshoring of jobs and harm domestic workers
(e.g. Autor, Dorn, and Hanson, 2013). Traditional merger control overlooks the latter
and narrowly focuses on competition. Voters however may care about overall domestic
welfare. This can create a disconnect between voters’ preferences and the objective of
merger control. Proponents of industrial policy therefore argue that domestic employment
effects should be considered in merger control.1

In this paper, I ask how foreign entry alters the consumer welfare and domestic
employment effects of a merger between domestic competitors. In this context, foreign
entry includes an alternative foreign buyer, as well as post-merger product entry by foreign
competitors. Using a structural model of demand and supply, I analyze how a product
market merger affects rival product entry, consumer welfare, and domestic employment.
To account for the effects of product entry and exit on consumers and employment, I
embed a consumer demand model into an endogenous product choice model, where the
demand for domestic labor depends on production locations and equilibrium quantities
in the product market. I use this model to study the acquisition of Maytag by Whirlpool
in the United States’ market for clothes washers. I estimate the parameters of the model
and simulate the consumer welfare and employment effects of two acquisitions: The
observed acquisition of Maytag by Whirlpool, as well as a hypothetical acquisition by
the alternative buyer at the time, Haier, which had no prior presence in the U.S. market.
I provide descriptive evidence around the time of the actual merger to corroborate the
predictions of the structural model.

Several findings emerge from the comparison of the two acquisitions: First, around
the time of the acquisition of Maytag by Whirlpool, markups increase, but prices do
not. Second, post-merger (foreign) rival product entry is mostly independent of who
acquires Maytag. Third, a Whirlpool acquisition always leads to the removal of more
merging party products than an acquisition by Haier. Fourth, a Whirlpool acquisition
is always substantially worse for consumers. Fifth, a Whirlpool acquisition leads to less
offshoring and a smaller decrease in U.S. manufacturing jobs. This effect is partially offset
by a larger gain in market shares by foreign competitors after a Whirlpool acquisition.
Sixth, I calculate how much each additional job maintained by the Whirlpool acquisition
(relative to the acquisition by Haier) must be worth to counteract the larger decrease

1Many jurisdictions incorporate public interest considerations into merger control (see OECD, 2016).
In Germany and South Africa, these include employment. There are no public interest considerations in
merger control in the European Union and the United States.
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in consumer welfare due to the Whirlpool acquisition. Comparing this to the estimated
local labor market effects of new multinational jobs by Setzler and Tintelnot (2021),
I cannot exclude the possibility that a Whirlpool acquisition leads to higher domestic
welfare. Seventh, welfare effects are unequally distributed. Relative consumer welfare
losses mildly decrease in household income. Employment effects are concentrated in a
few local labor markets.

The 2006 acquisition of Maytag by Whirlpool is a landmark case in which the De-
partment of Justice (DoJ) unconditionally cleared the merger between the two largest
U.S. laundry product manufacturers. Prior to the merger, the Chinese appliance manu-
facturer Haier made an offer to acquire Maytag. Since Haier did not have a prior U.S.
market presence, this acquisition would not have decreased competition. However, Haier
planned to relocate Maytag’s production to its existing manufacturing plants in China
(Goodman and White, 2005).2 Since there are no public interest exceptions in U.S.
merger control, the employment effects should not play a role in the decision. Instead,
the DoJ argued that competition would remain unharmed by a Whirlpool acquisition
as any attempt to raise prices would lead to imports by foreign competitors. This was
heavily disputed (see Baker and Shapiro, 2008a).

For the empirical analysis, I construct a comprehensive data set of the U.S. residen-
tial laundry market between 2005 and 2015. The core of the product market data comes
from TraQline, a representative survey of approximately 600, 000 U.S. households per
year. On the production side, I hand-collect product-level data on the locations of plants
manufacturing for the U.S. market. These location data serve three purposes: First, they
allow constructing a production cost shifter that can be used as an instrumental variable
for prices in the demand estimation. Second, they allow simulating the effects of different
counterfactual scenarios on the number of U.S. manufacturing jobs. Third, they enable
a data-driven approach to estimating the marginal cost efficiencies from offshoring.3

I descriptively document several trends around the time of Whirlpool’s acquisition
of Maytag. First, concentration strongly increases for clothes washers and dryers. Second,
after controlling for product characteristics, prices of clothes washers and dryers by the
merging parties do not increase compared to freestanding ranges by other brands, where
there was only a small pre-merger overlap.4 Third, while LG and Samsung introduce
new clothes washers and dryers after the merger, this is also true for freestanding ranges.

2Lacetera and Sydnor (2015) show that there is no inherent limitation to maintaining high-quality
production after relocating production. This is consistent with frequent production relocations through-
out the sample period.

3This is similar in spirit to Miller and Weinberg (2017), who estimate how the Miller/Coors merger
produced marginal cost efficiencies through a reduction in shipping distance.

4Ashenfelter, Hosken, and Weinberg (2013) study the price effects of the Maytag acquisition using
the same empirical design with other data. They also do not find any price increases for clothes washers,
however they find price increases of 14 percent for newly introduced Whirlpool dryers. I discuss how
these differences in results could be related to the different data sources in Section 2.
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This suggests that product entry could be at least partially independent of the merger.
Finally, I use a county-level difference-in-differences (DiD) design that shows that the
closure of Maytag plants and of its headquarter (HQ) increases unemployment, decreases
employment, and decreases average wages of the employed.5

Several questions remain: Does merger-independent entry reduce prices in the ab-
sence of the merger? Is overall entry sufficient to prevent the merging parties from
increasing prices? If an acquisition by Whirlpool harmed consumers, could this harm be
offset by benefits to U.S. workers? Answering these questions requires a model. As the
descriptive trends for clothes washers and dryers are very similar, I will focus on washers
from hereon after.

The model features manufacturers and consumers. Manufacturers choose their
product portfolios and prices. Consumers make purchase decisions. The model is set
up as a two-stage game. At the beginning of the game, each manufacturer is endowed
with a set of potential products that it is technologically capable of producing. Each
product is associated with an exogenous set of characteristics, a production location,
and a marginal cost of production. In the first stage, each firm chooses which potential
product to introduce into the market, at a per product fixed and sunk entry cost.6 Next,
marginal cost and demand shocks are realized. In the second stage, firms set prices and
consumers make purchases. I model consumer demand using a static random coefficients
discrete choice model, where the price sensitivity of consumers depends on income and
some consumers have an unobserved taste for front-loading clothes washers. Finally, the
number of manufacturing jobs is determined. This is linear in the quantities of the prod-
uct market equilibrium.7 Whether a job is created domestically or abroad depends on
the exogenous production location for each product.

On the demand side, the estimation is in the spirit of S. Berry, Levinsohn, and
Pakes (2004). Informally, the non-linear demand parameters are identified by the cor-
relation between household income and purchase prices and the correlation between the
characteristics of the first and second choice products. I construct a cost shifter based
on the production location of each product and the real exchange rate (RER) between
the production location and the U.S. This cost shifter is then used as an instrumental
variable for price, which is exogenous to product-level demand conditions (see Goldberg
and Verboven, 2001 or Grieco, Murry, and Yurukoglu, 2021). The granularity of the data

5This is in line with recent evidence showing that the presence of multinational firms affects the
wages of workers at other firms (see Card, Cardoso, Heining, and Kline, 2018, Alfaro-Ureña, Manelici,
and Vasquez, 2021, or Setzler and Tintelnot, 2021). Furthermore, Jacobson, LaLonde, and Sullivan
(1993) show that workers separating from distressed firms suffer long-term earnings losses and that these
depend on local labor market conditions.

6Since I only observe product-level entry but no firm-level entry around the time of the merger, I
focus on endogenous product choices and abstract away from firm entry.

7Wages are determined outside the model. They affect the demand for manufacturing workers
through their effect on marginal costs and the product market equilibrium.
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allows identifying rich substitution patterns and thus capture the closeness in competition
between products.

On the supply side, I estimate the product-level marginal costs that rationalize the
data assuming differentiated Bertrand-Nash competition (see Nevo, 2001). A growing
literature is concerned with estimating bounds on the fixed costs of introducing a new
product into the market using moment inequalities (see Pakes, Porter, Ho, and Ishii,
2015). Intuitively, the fixed and sunk cost of adding a product that was introduced to
the market can at most be the expected variable profit of the product. Similarly, the
fixed and sunk cost of adding a product that is part of the set of potential products
but is not introduced to the market must be at least as high as the expected variable
profit of that product. Methodologically, the estimation of fixed cost bounds is closest
to Eizenberg (2014). Finally, I combine evidence on the number of clothes washers
that a manufacturing worker produces per year with the hand-collected product-level
plant locations to estimate how different product market equilibria affect the demand for
domestic manufacturing workers.

I encounter several empirical challenges. A first challenge is to identify the set of
potential products that multi-product firms can introduce.8 Studying an unconditionally
cleared merger allows me to overcome this challenge. For rivals, the incentives to introduce
new products are greatest after the Whirlpool acquisition. Thus, any rival product not
observed after this acquisition is unlikely to be introduced after a Haier acquisition. In
contrast, for the merging parties I observe any product that was removed because of the
merger in their pre-merger product portfolio.9 Draganska, Mazzeo, and Seim (2009) and
Fan and Yang (2021) exploit cross-sectional variation in market structure to estimate the
set of potential products. This is infeasible in my setting, since I study product portfolio
choices at the national level.10 To make the analysis usable in merger control, where the
post-merger outcome cannot be observed, I describe how data available to competition
authorities (but not to researchers) pre-merger can be used to estimate the set of potential
products and simplify the fixed cost estimation.

A second empirical challenge is the multiplicity of equilibria when simulating coun-
terfactual entry. Due to the large number of products, computing all potential equilibria
is computationally infeasible. Instead, I follow a literature (e.g. Lee and Pakes, 2009,
Wollmann, 2018 or Fan and Yang, 2020) that uses heuristic learning algorithms to de-

8An earlier literature on endogenous product entry focuses on single-product firms with discrete
product types (e.g. Mazzeo, 2002 or Seim, 2006).

9I do not observe products that the merging parties do not carry pre-merger, do not introduce post-
merger, but would introduce in the absence of the merger. However, these products are probably less
important for firm profits and consumer welfare, since firms chose not to introduce them post-merger.

10Eizenberg (2014) analyzes a market without cross-sectional variation in entry. He estimates the set
of potential products based on existing product lines and technologies. This works in his context, as he
studies how the removal of a frontier technology affects the presence of older products. This is not a
viable strategy to study the introduction of new products.
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termine equilibrium entry. Each player optimizes her portfolio sequentially, taking the
choices of rivals as given. I iterate through players until there is no profitable one-step
deviation. I exploit two institutional features for the entry algorithm: First, since firms
do not choose product portfolios after the merger from scratch, I initialize the entry al-
gorithm at the pre-merger equilibrium. Second, I increase the computational tractability
of the entry game by assuming that firms optimize their product portfolio brand-by-
brand, whilst taking into account the effects on the profits of other brands of the same
firm. Since firms segment products targeting different consumer groups by brand, this
additional restriction should not have a strong impact on equilibrium entry.

The key methodological innovation of this paper is to propose a model to analyze
the trade-off between the effects on consumer welfare and employment of a product
market merger and estimate its structural parameters. This analysis differs to the nascent
literature on labor market power in merger analysis (e.g. Prager and Schmitt, 2021,
Shapiro, 2019 or Marinescu and Hovenkamp, 2019). In my case, there is no overlap
between the merging parties in local labor markets and thus also no change in labor
market power.11 Instead, I ask how the identity and restructuring plans of different
potential acquirers and product market rivals affects U.S. employment.12

The empirical results shed light on the interaction between the consumer welfare
and employment effects of a product market merger. Without efficiencies, an acquisition
of Maytag by Whirlpool leads to a decrease in consumer welfare between 6.6 and 10.1
percent compared to a Haier acquisition. However, it also leads to the maintenance of
1,021 to 1,507 additional U.S. manufacturing jobs. Decomposing the employment effect
into a relocation and a reallocation effect shows that foreign competition is a double-edged
sword. The relocation of Maytag jobs after a Haier acquisition is greater than after
a Whirlpool acquisition, since the latter only partially offshored Maytag’s production.
Although the presence of competitors reduces the post-merger harm to consumers, the
reallocation of market shares to competitors producing abroad also mildly decreases the
employment benefits of a Whirlpool acquisition.

The estimates show that domestic employment benefits of a Whirlpool acquisition
as compared to an acquisition by Haier could plausibly offset losses to consumer welfare.
Considering clothes washers only and without efficiencies, I show that an annual average
job value of between $135,000 and $316,000 is necessary to offset consumer welfare losses.
Using a back-of-the-envelope calculation, I find that this value is on average below $80,000
for other appliance categories. In comparison, Setzler and Tintelnot (2021) find that
the total wage bill in a local labor market increases by around $113,000 per year for
each additional job created by a foreign multinational firm. This does not include any

11Maytag and Whirlpool do not operate plants in the same local labor markets pre-merger.
12Wollmann (2018) estimates how output changes with and without the 2009 automobile bailout affect

employment. He assumes that all products are always produced in the United States.
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other bene�ts of employment, which further increase the value of a job. Given these

estimates, I cannot reject that the domestic employment e�ects overturned the consumer

welfare e�ects of a comparison between these two acquisitions. These �ndings relate

to a literature that quanti�es the trade-o� between consumer welfare and employment

of trade liberalization (see Jaravel and Sager, 2020) and restrictions (see Hufbauer and

Lowry, 2012 or Flaaen, Hortaçsu, and Tintelnot, 2020). Among these estimates, I �nd

the lowest job values necessary to o�set consumer welfare changes.

Finally, I contribute novel evidence to how endogenous product portfolio choices

change the consumer welfare e�ects of mergers.13 I �nd that even for an actual merger

that was marginally cleared because of an entry defense, endogenous portfolio adjustments

increase the harm to consumers. This is because foreign entry is mostly independent of

the merger, whereas the merger leads to fewer products o�ered by the merging parties.

Existing studies mostly consider hypothetical changes in concentration and �nd mixed

results. Fan and Yang (2020) �nd that endogenous product adjustments exacerbate

negative consumer welfare e�ects, whereas Wollmann (2018) �nds the opposite. Fan and

Yang (2021) show that product portfolio adjustments exacerbate negative merger e�ects

in small markets and reduce consumer harm in larger markets. Under certain conditions,

Caradonna, Miller, and Sheu (2021) show that without marginal cost e�ciencies product

portfolio adjustments can never be pro�table for the parties and also fully o�set consumer

harm. I �nd that marginal cost e�ciencies also limit the strength of an entry defense,

since they reduce the incentives for rivals to add new products.14

The remainder of the paper is structured as follows: The next section discusses the

details of the case and describes the data. Section 3 presents the descriptive evidence,

Section 4 outlines the industry model, Section 5 sketches the estimation strategy, Section 6

presents the results, Section 7 describes the welfare e�ects, Section 8 discusses simplifying

estimation with proprietary data, and Section 9 concludes.

2 Institutional Setting and Data

2.1 The acquisition of Maytag by Whirlpool

Prior to its acquisition by Whirlpool, Maytag had been struggling �nancially for several

years. Although the company had already cut costs by reducing its workforce by 20

percent, in 2004 it continued to struggle with cost pressure, a further decline in revenues

13A related literature (e.g., Werden and Froeb, 1998; Li, Mazur, Park, Roberts, Sweeting, and Zhang,
Forthcoming; and Ciliberto, Murry, and Tamer, 2021) studies mergers and static entry for single-product
�rms. Garrido (2020) studies dynamic product entry decisions by multi-product �rms assuming nested
logit demand. Fan (2013) studies product repositioning after mergers. Several papers study the e�ect of
mergers on entry and product variety for radio stations (e.g., S. T. Berry and Waldfogel, 2001; Sweeting,
2010; and Jeziorski, 2015).

14Cabral (2003) shows this theoretically for single-product �rms.
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and posted a net loss (Maytag, 2005). In May 2005, the management of Maytag agreed

to be bought by a group of private investors for $1.13 billion (Barboza, 2005). In June

2005, the Chinese household appliance manufacturer Haier made a competing bid of $1.3

billion. One month later, Maytag's biggest manufacturing rival in the U.S. appliance

market, Whirlpool, outbid Haier with an o�er of $1.4 billion. A few days later, Haier

withdrew its bid and in March 2006 Whirlpool acquired Maytag after an unconditional

merger clearance by the Department of Justice.

Haier's bid came at a time when the Chinese government pushed its large companies

to make foreign acquisitions to get access to foreign markets for its manufactured goods,

particularly in the European Union and the United States.15 Since Chinese acquirers

were met with resistance, these acquisitions often targeted well-known brand names slip-

ping into decline. This made the acquisition itself easier and also helped overcome the

resistance of consumers towards Chinese brands in the product market.16 With its weak

�nancial performance and its strong brand portfolio, Maytag perfectly �t the bill. Haier,

who previously had negligible sales in the U.S. appliance market, planned to use Maytag's

brands, repair network and distribution channels, whilst o�shoring production to Haier's

existing plants in China (Goodman and White, 2005).

Against this backdrop, Whirlpool's bid for Maytag could be seen as fending o�

a foreign takeover. The main caveat, however, was that Whirlpool and Maytag were

close competitors in the product market for several major appliance categories. In its

investigation of the acquisition, the DoJ focused on residential clothes washers and dryers.

For the manufacturing of laundry products, this was a merger from four to three, where

Whirlpool and Maytag were the largest and second largest manufacturers in the U.S.

market. With its Kenmore brand Sears was another large brand owner in the laundry

market; they however did not manufacture any appliances themselves but purchased

them from original equipment manufacturers (OEMs) instead. For instance, all clothes

washers sold under the Kenmore brand in 2005 were produced by Whirlpool. The DoJ

concluded that despite the high market shares of the merging parties, they would not

be successful in raising prices because �LG, Samsung, and other foreign manufacturers

could increase their imports into the U.S.� (Department of Justice, 2006). It therefore

unconditionally cleared the acquisition. Baker and Shapiro (2008a) called this decision

�[...] a highly visible instance of underenforcement� and Baker and Shapiro (2008b)

described it as �fueling the perception that the Justice Department has adopted a very

lax merger enforcement policy [...]�. They conclude that in this case the DoJ was willing

to accept entry and expansion arguments in a highly concentrated merger case, although

entrants had thus far only achieved relatively low market shares.

15This was part of China's �Go Out Policy�, promoting Chinese investments abroad (Goodman and
White, 2005).

16A famous example is the 2005 acquisition of I.B.M.'s personal computer division by Lenovo.
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2.2 The data

To analyze the implications of the Maytag acquisition by Whirlpool, I construct a com-

prehensive data set on the U.S. market for residential laundry products between 2005

and 2015.

2.2.1 Sales, products, and households

The centerpiece of the data comes fromTraQline. This is a data set well-known across

the appliance industry and is used by major retailers and all of the major brands in the

industry as a source for market insights.17 In every quarter, a representative sample of

around 150; 000 U.S. households is asked about appliance purchases. The survey is a

repeated cross-section and in total around600; 000 households are surveyed every year.

The data spans the years 2005 until 2015. For each respondent,TraQline records the

number of appliances bought, the price, a detailed set of product characteristics (e.g. the

brand or whether a product is Energy Star certi�ed), other brands that the household

considered buying, the retailer at which the appliance was bought, as well as a detailed

set of household demographics. The data includes information for clothes washers and

dryers, as well as for freestanding ranges.

Although TraQline records detailed characteristic information, respondents are not

asked to provide the exact model speci�cation of the appliance they purchased. I therefore

use brand, retailer and key characteristics information to aggregate appliance purchases

into products. Most brand owners use di�erent brands to cluster their product o�ering

according to the consumers that they target.18 Thus, the brand of a product already

captures much of the variation in, otherwise unobserved, product quality. Certain key

product characteristics need to be reported by all survey respondents. For clothes wash-

ers, this includes whether a clothes washer is a regular top-loader (with an agitator), a

high-e�ciency top-loader (without an agitator) or a front-loader. Finally, I further re�ne

the product de�nition by using information on the retailer at which the product is sold.

Di�erent retailers serve di�erent customers. If a brand and key characteristics combi-

nation (e.g. a Whirlpool high-e�ciency top-loading washing machine) is sold at both, a

higher-end retailer such as Sears, and a lower-end retailer such as Best Buy, these prod-

ucts may still slightly di�er in other characteristics.19 To capture all of these sources in

17The only other comparable source of data on volume and value sales in the appliance industry is a,
now discontinued, retailer panel by the NPD Group, which was the basis of the analysis by Ashenfelter,
Hosken, and Weinberg (2013). To the best of my knowledge, the key di�erence between the data sets is
that the retailer panel does not include any sales from Sears, which, at the time, was the largest U.S.
retailer for household appliances and accounted for an important share of Maytag and Whirlpool sales.

18In its 2007 Annual Report, Whirlpool describes what each of its brands represents and what type
of consumers it targets. Amana, for example, is described as stylish and a�ordable, whereas KitchenAid
should stand for quality and craftsmanship, Whirlpool for innovation and Maytag for reliability.

19For retailers, I distinguish between Best Buy, H. H. Gregg, Home Depot, Lowe's, Sears, and all
others. The latter group pre-dominantly includes smaller, regional retailers. A further disaggregation
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observed and unobserved characteristics variation, I de�ne a product as a brand, retailer

and key characteristics combination.

Other characteristics only need to be reported by a random subsample of respon-

dents. This is to reduce the burden on respondents. Households that are selected to

answer the more detailed characteristics questions do not have the possibility to opt-out,

ruling out any selection problems. For clothes washers, these more detailed characteris-

tics include whether it has a child lockout, the number of special programs, whether it is

a stacked pair or whether it has additional noise insulation. For each product, I calculate

the average value of these characteristics among the subsample of respondents.

Although household demographics allow constructing di�erent geographic markets

within the U.S., I decide to aggregate products at the national level, because product

entry is determined for each major retailer at the national level. I also aggregate responses

at the yearly level.

I enrich the TraQline product data set with two additional product characteristics:

the brand repair rate and brand-level advertising expenditures.

The brand repair rates come from Consumer Reports, a nonpro�t consumer organi-

zation that tests products across multiple categories and publishes a monthly magazine

with test results by product category. Major appliances have long been an important

product category for Consumer Reports. Between 2005 and 2015, clothes washers were

featured at least once a year. Each report included an overview of brand-level repair rates.

This data is based on responses to the Annual Product Reliability Survey conducted by

the Consumer Reports National Research Center for more than100; 000clothes washers.

I digitize this information to create a measure of the perceived product reliability of a

brand in a particular year.

Annual information on advertising expenditures comes from Kantar AdSpender

between 2005 and 2015. This is a database that includes information on the annual

advertising expenditure of a brand by product and media channel. I use the total ad-

vertising expenditure of a brand across media channels to capture variation in brand

reputation over time. Benkard, Yurukoglu, and Zhang (2021) use this data set to track

brand ownership over time.

The TraQline data set only includes household demographics for respondents that

purchase an appliance but not for those that do not. To identify how household income

a�ects the sensitivity to prices in the demand estimation, I also need data on the uncon-

ditional distribution of income among the population of households (not only of those

who purchased an appliance). For this, I draw a random sample of households from

the IPUMS Current Population Survey (CPS). This data set includes rich demographic

information for a representative household sample for every year in the analysis period.

within this group would lead to many products with very few sales and thus noisy estimates.
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2.3 Production locations and an instrumental variable for price

On the supply side, the core of the data consists of a hand-collected data set containing

the locations of plants manufacturing clothes washers for the U.S. market at the product

level. This data set serves three purposes. First, it allows constructing a product-level

instrumental variable for prices based on di�erences in the production costs. Second,

the product-level plant locations allow simulating how the number of U.S. clothes washer

manufacturing jobs changes between counterfactual scenarios. Third, it enables a data-

driven approach to estimate marginal cost e�ciencies coming from o�shoring and the

resulting changes in production costs.

Figure 1 shows the plant locations of major clothes washer manufacturers for the

U.S. market in 2005. To construct the panel of production locations, I collect production

locations for all manufacturers with a market share of more than3 percent in any year

between 2005 and 2015. These are Electrolux, General Electric, LG, Maytag, Samsung,

and Whirlpool. Whenever possible, I collect information on the exact plant location (e.g.

Newton, Iowa). For the purpose of the analysis in this paper however, it is su�cient to

know in which country a product is produced.

Figure 1: Clothes washer plants manufacturing for the U.S. market, 2005

Notes: The map shows all plants manufacturing clothes washers for the U.S. market in 2005 by manu-
facturers with a market share of more than 3 percent in any year in the sample. The Appendix includes
a map for 2007 in Figure A.5, for 2009 in Figure A.6 and for 2011 in Figure A.7.

For LG and Samsung, the production locations before 2012 are mostly based on

the investigation by the U.S. International Trade Commission (USITC) into imports of

large residential clothes washers from Mexico and South Korea. For 2012 until 2015,

production locations for LG and Samsung are based on �rm-level clothes washer imports

based on the PIERS data set, which uses bill of landing documents and is reported in

Flaaen, Hortaçsu, and Tintelnot (2020).

For Electrolux, Maytag and Whirlpool, the bulk of the information on manufac-

turing plant locations is based on information in their annual reports. Since General

Electric is not primarily an appliance manufacturer, its annual report does not contain
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information on appliance plant locations. I therefore base plant locations on a combina-

tion of documents from the USITC investigation and news reports. Finally, to make sure

that plants produce clothes washers for the U.S. market, I check plant locations against

import data split by top-loading and front-loading clothes washer at the country-level

from the USITC.

Occasionally, a product is produced in multiple countries for the U.S. market (e.g.

in 2008 Whirlpool front-loaders are produced in Mexico and Germany). In this case, I

use the same sources as described above to construct weights on the share of the product

produced in each production location. I summarize plant weights in Table A.1.

To explain the need for an instrumental variable for price and how I construct one,

let us brie�y jump ahead to the estimation of clothes washer demand as part of the

structural model. As is well-known in the literature on demand estimation, there can

be unobserved demand shocks that simultaneously a�ect prices and quantities. Simply

regressing quantities on prices would therefore lead to biased estimates. To get an un-

biased estimate of the reaction of quantities to price changes, I need an instrument for

price that is unrelated to unobserved demand shocks (exogeneity) and has a su�ciently

strong e�ect on prices (relevance).

An ideal instrument is a variable that captures di�erences in product-level marginal

costs and is unrelated to demand. I use the product-level weighted average real exchange

rate (RER) between the U.S. and the countries in which the production of the product is

located. This is also used by Grieco, Murry, and Yurukoglu (2021) to estimate demand for

automobiles. The RER comes from the Penn World Table. Product-level plant weights

are constructed as described above.

I use the RER based on consumption expenditures. This is calculated by dividing

the consumption of households at nominal prices by the the same consumption using the

U.S. price level in 2005 and then multiplying this by the nominal exchange rate between

the local currency and the U.S. dollar (Feenstra, Inklaar, and Timmer, 2015). It therefore

consists of di�erences in the relative price levels and serves as a proxy for the local wage

level, as well as �uctuations in the nominal exchange rate.

Figure 2 shows the evolution of the average RER over time and illustrates the

source of the variation. The left panel plots the average RER of all production locations

for a particular manufacturer. The average RER is based on the country-level RER of

di�erent plant locations of a manufacturer for a product in a particular year, weights

that capture which share of a product is produced by a particular plant, and weights

based on the sales volume of di�erent products sold by a manufacturer. Although this

masks within-manufacturer variation in the RER, already at this level there is signi�cant

variation. In the right panel, I further disentangle the average RER for Whirlpool and

Maytag products.20 This shows that there is additional variation in the RER below

20Maytag includes all products marketed under the brands owned by Maytag pre-acquisition (i.e.
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the manufacturer level, because the same manufacturer produces di�erent products in

di�erent countries. For example, whereas all Maytag and Whirlpool top-loaders are

produced in the U.S., over the sample period Maytag front-loaders were produced in the

U.S. and Mexico and Whirlpool front-loaders in the U.S., Mexico and Germany.

Figure 2: Average real exchange rate over time

(a) RER by manufacturer (b) RER by product of merging parties

Notes: The left panel plots the average real exchange rate of all production locations by manufacturer
over time. It includes the RER for all manufacturers with a market share of at least 3 percent in any
year in the sample. The right panel plots the average RER of all production locations by product of
the merging parties. The average RER is based on the plant locations in a particular year, the plant
weights and the country-level RER. In the right panel, Maytag includes all products marketed under the
brands owned by Maytag pre-acquisition (i.e. Admiral, Amana, MagicChef and Maytag) and Whirlpool
includes all other brands owned by Whirlpool.

The large variation in the RER over time is also consistent with anecdotal evidence

about the importance of the local cost of production for appliance manufacturers. One

of the principal reasons why Maytag was struggling �nancially pre-merger was that its

production costs were too high, in parts due to its lack of international production.21 In

a similar spirit, Electrolux launched its global cost-cutting program in 2004, with the aim

to o�shore more than half of its production to low-cost countries by 2009 (Electrolux,

2007).22 Both �rms exclusively served the U.S. clothes washer market from the U.S.

until 2007. This highlights the importance of production locations for costs and compet-

itiveness in the appliance industry and also describes the source of variation in the cost

measure: Changes in the RER between the U.S. and a particular production location

over time, as well as changes in the production locations.

Admiral, Amana, MagicChef and Maytag) and Whirlpool includes all other brands owned by Whirlpool.
21This was highlighted throughout Maytag's 2004 annual report, as for example in the following:

�Globalization of manufacturing is allowing companies to reduce costs by reaching around the world
farther, faster and cheaper than ever before. It's no longer a trend we can watch with interest but a
reality to which we are responding� (Maytag, 2005; p. 3).

22By the end of the sample period, Electrolux had lost most of its share of the U.S. laundry market
and served its remaining customers from low-cost countries.
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2.4 Labor market data

Finally, I use data on local labor markets from the U.S. Bureau of Labor Statistics (BLS).

To analyze the labor market e�ects of plant closures, I am particularly interested in local

wage and employment data. These come from the Quarterly Census of Employment and

Wages (QCEW) and the Local Area Unemployment Statistics (LAUS).

The QCEW collects quarterly employment and wage data at the county level as

reported by employers. I use the quarterly wages per employee, disaggregated by county

and industry. These wages include total compensation, bonuses, stock options, severance

payments, the cash value of meals and lodging, tips, and other gratuities. I annualize

these wages for ease of interpretability.

The LAUS aggregates data from state-level workforce agencies. It includes monthly

information on the number of employed and unemployed individuals for every U.S.

county.

3 Descriptive Evidence

Before diving into the theoretical model, I document descriptive trends around the May-

tag acquisition. To this end, I study the evolution of concentration, prices, product entry,

and U.S. appliance manufacturing employment around the time of the acquisition.

3.1 Changes in concentration

Table 1 shows the evolution of brand owner shares around the time of the Maytag ac-

quisition by Whirlpool. Prior to the merger, Whirlpool and Maytag were the largest and

third largest brand owners for laundry products in the U.S. market. Since Sears does

not manufacture any appliances itself, Whirlpool and Maytag were also the largest and

second largest laundry product manufacturers.23 In contrast, Haier had no signi�cant

market shares in either product market.

The largest rival manufacturers of clothes washers and clothes dryers before the

merger were General Electric and Electrolux. LG started gaining market shares, whereas

Samsung was not yet present in the U.S. laundry market in 2005. It did, however, already

have existing relationships with retailers, since it sold other products (e.g. consumer

electronics) at these retailers.

23One approach could be to count all sales of Sears products towards the respective manufacturer.
This would not be an appropriate re�ection of market power, however, as Sears could switch supplier if
faced with a large increase in prices. Indeed, although Whirlpool manufactured all Sears clothes washers
prior to the merger, Sears switched to LG as a supplier of front-loading clothes washers in 2008. This
shows that switching suppliers is not only a theoretical possibility and suggests that separately analyzing
brand owners is more appropriate.
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Table 1: Volume share by brand owner (%)

Clothes washers Clothes dryers

2005 2007 2009 2005 2007 2009

Whirlpool 25
44 42

27
44 42

Maytag 23 21
Sears 25 20 18 25 21 19
General Electric 14 17 16 15 17 16
Electrolux 7 6 6 7 6 5
LG 3 7 10 2 6 10
Samsung 0 1 5 0 1 5

HHI 2,048 2,729 2,506 2,072 2,784 2,507
� HHI 1,149 1,124

Notes: The table shows the market share in terms of volume sales by brand
owners for clothes washers and clothes dryers pre-merger (2005) and post-
merger (2007 and 2009). The HHI is calculated as the sum of squared market
shares using whole percentages. The increase in the HHI is based on pre-
merger market shares.

The pre-merger Her�ndahl-Hirschman Index (HHI) and the increase in the HHI

because of the merger based on pre-merger market shares indicate that the transaction

led to a strong increase in concentration.24 According to the U.S. horizontal merger

guidelines, the acquisition therefore potentially raises signi�cant competitive concerns.25

Finally the evolution of market shares from just after the merger in 2007 to 2009

show that although some rivals gained market shares and the HHI gradually declined (as

compared to the post-merger HHI based on pre-merger market shares), the increase in

concentration due to the merger remains substantial and persistent.

3.2 Evolution of prices

I next turn to the descriptive evolution of prices around the time of the acquisition. Ashen-

felter, Hosken, and Weinberg (2013) compare the evolution of Maytag and Whirlpool

product prices for appliance categories with a large increase in concentration to cate-

gories with low increases in concentration. Since I use a di�erent data source, I repeat

the descriptive price analysis. In particular, theNPD data used by Ashenfelter, Hosken,

and Weinberg (2013) only includes product sales at a subset of retailers (e.g. omitting

sales at Sears), which could lead to systematically di�erent results.

As a comparison appliance category, I use freestanding ranges.26 This is an appro-

24The HHI is calculated as the sum of squared market shares using whole percentages (i.e.1 to 100).
25The U.S. horizontal merger guidelines identify mergers with a pre-merger HHI between1; 500 and

2; 500and an increase in the HHI by more than100as potentially raising signi�cant competitive concerns.
26Ashenfelter, Hosken, and Weinberg (2013) use ranges, cooktops, ovens and freezers as comparison

categories.
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priate control group if, in the absence of the merger, prices would have evolved similarly

in the treatment and the control groups. Since I cannot observe the price evolution of

laundry products without the merger directly, I use two indirect ways of assessing this

assumption. First, I verify the parallel trends assumption prior to the acquisition. Sec-

ond, I assess whether other market trends, in particular product entry, are likely to have

a�ected the treatment and control groups similarly, had the merger not occurred.

The analysis starts in the �rst quarter of 2005 and ends in the last quarter of 2008.

Each observation is a product in a particular quarter. To analyze the evolution of prices

conditional on product characteristics in the treatment and control groups, I estimate

the parameters of the following model for each appliance category separately

log(pit ) = �x it +  t + � it ; (1)

wherelog(pit ) is the logarithm of price for product i at time t, x it is a vector of product

characteristics and t are quarter � year �xed e�ects. For clothes washers and dryers, I

only include products by Whirlpool and Maytag. For freestanding ranges, I only include

products not produced by Whirlpool and Maytag. Instead of product �xed e�ects, I

control for a rich set of characteristics, including the brand and the retailer. This has

the advantage of not absorbing merger-speci�c price changes into the �xed e�ects for

products present only before or only after the merger.27

Figure 3: Change in the average log price conditional on product characteristics

(a) Clothes washers (b) Clothes dryers

Notes: The solid red line shows the characteristics adjusted log price of Maytag and Whirlpool clothes
washers and clothes dryers. The dashed blue line shows the characteristics adjusted log price of com-
petitor freestanding ranges. The vertical line corresponds to the date of the merger, 30 March 2006.

Figure 3 plots the quarterly �xed e�ects  t for clothes washers and dryers over
27Ashenfelter, Hosken, and Weinberg (2013) show that controlling for product characteristics instead

of product �xed e�ects yields to similar overall time trends, suggesting that there are no important
additional unobserved product quality di�erences.
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Table 2: Reduced form price e�ects of the Maytag acquisition

Washers vs. ranges Dryers vs. ranges

(1) (2) (3) (4) (5) (6)

Merging parties � post -0.030 -0.017
[-0.076, 0.016] [-0.081, 0.046]

Maytag � post -0.049�� -0.026 -0.043 -0.015
[-0.097, -0.001] [-0.070, 0.018] [-0.097, 0.011] [-0.063, 0.032]

Whirlpool � post -0.016 -0.006 0.007 0.028
[-0.077, 0.045] [-0.036, 0.023] [-0.048, 0.062] [-0.018, 0.075]

Characteristics controls Yes Yes Yes Yes Yes Yes
Quarter � year �xed e�ects Yes Yes Yes Yes Yes Yes
Brand �xed e�ects Yes Yes No Yes Yes No
Product �xed e�ects No No Yes No No Yes

Observations 3599 3599 3280 4088 4088 3739

Notes: Columns (1) to (3) compare the logarithm of prices for clothes washers and freestanding ranges. Columns (4) to (6) compare the logarithm of
prices for clothes dryers and freestanding ranges. Di�erences in observations in columns (3) and (6) as compared to preceding columns are due to the
iterative dropping of singleton observations when clustering standard errors. 95% con�dence intervals are reported in parentheses. Standard errors are
clustered at the brand level. � p < 0:10, �� p < 0:05, ��� p < 0:01

time, as well as for freestanding ranges as a control group. The time �xed e�ects evolve

mostly horizontally for freestanding ranges, indicating that there are no important price

increases over the observation period. For clothes washers by the merging parties, these

are mildly decreasing over time. For dryers, this decrease is less pronounced than for

washers. Overall, the descriptive evidence suggests that there are no price increases for

either clothes washers or dryers throughout the observation period.

I next estimate the price e�ects around the time of the merger separately for Maytag

and Whirlpool products, using freestanding ranges as a control group. To do this, I

estimate the parameters of the following model for washers (treatment) and freestanding

ranges (control) and for dryers (treatment) and freestanding ranges (control)

log(pit ) = � 1Maytagit � postt + � 2Whirlpool it � postt + �x it + � i +  t + � it : (2)

The parameters of interest are� 1, which captures the average price increase for Maytag

products and� 2, which captures the average price increase for Whirlpool products.

Table 2 includes the estimates of the reduced form e�ects of the Maytag acquisition

on the logarithm of prices. Columns (1) and (4) include estimates from a regression

where I pool Maytag and Whirlpool products together and estimate a joint price e�ect.

These results suggest that there is no large price increase for clothes washers or dryers.

Based on the95% con�dence intervals, I reject price increases of more than1:6 percent

for clothes washers and4:6 percent for dryers.

In Columns (2) and (5), I disaggregate this by Maytag and Whirlpool products.

Based on the95%con�dence intervals, I reject large price increases for Maytag products

in both categories. For Whirlpool products, the point estimates are just below (washers)

and just above (dryers) zero, however, the width of the con�dence intervals do not allow
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me to reject price changes of between� 7:7 and +4:5 percent for clothes washers and

� 4:8 and +6:2 percent for clothes dryers. In Columns (3) and (6) I repeat the previous

analysis, however swapping brand �xed e�ects for more granular product �xed e�ects.

This leads to a smaller price decrease for merging party products after the merger, but

decreases are still found for Maytag clothes washers and dryers and Whirlpool washers.

A causal interpretation of these results could lead to two conclusions: First, the

acquisition of Maytag by Whirlpool at most mildly increased prices for laundry products.

Second, the acquisition similarly a�ected clothes washers and dryers.

Irrespective of whether these �ndings are causal, they are only partially in agreement

with the �ndings by Ashenfelter, Hosken, and Weinberg (2013). In line with their results,

I do not �nd any reduced form evidence for clothes washer price increases around the

time of the acquisition. In contrast to their results, I also do not �nd any reduced form

evidence for large price increases for dryers.28 Given the very similar evolution of market

shares and prices for washers and dryers, it seems plausible to expect similar price e�ects

of the merger for both categories. Although I cannot verify this claim, as I do not have

access to theNPD data used by Ashenfelter, Hosken, and Weinberg (2013), selection in

how NPD recorded sales could be responsible for the di�erent results.

In any event, the estimated price e�ects from the reduced form regressions should

be interpreted with great caution. As previously described, a causal interpretation of

these results requires that prices for laundry products would evolve similarly to prices

for freestanding ranges in the absence of the merger. As also noted by Ashenfelter,

Hosken, and Weinberg (2013), product entry by LG and Samsung in the market for

clothes washers may confound the reduced form estimates of the price e�ects of the

merger. These entries may or may not be related to the merger. Similar market trends

may or may not be present for clothes dryers and freestanding ranges.29

Finally, the regression analysis does not treat products di�erently depending on their

relative importance in the marketplace (i.e. their market share). Thus, if price changes

are not homogeneous across all products, the estimated price changes may strongly be

in�uenced by many products with relatively low market shares. If these are products

that most consumers do not consider in any case, this may not be the most informative

estimate to assess the price e�ects experienced by consumers.

28Compared to ranges, they �nd an increase in prices for Maytag dryers newly introduced after the
merger of3 percent and of14 percent for Whirlpool dryers newly introduced after the merger. They also
�nd that the acquisition did not change prices of old Maytag dryers and reduced prices of old Whirlpool
dryers by 6 percent. Unfortunately, the data does not allow me to identify when a product was �rst
introduced to the market and so I cannot make this additional decomposition.

29Using more or di�erent appliance categories in the control group does not necessarily alleviate the
problem, since it remains di�cult to establish that the control markets would have developed like the
treatment markets in the absence of the acquisition.
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