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Abstract

I model consumer demand for new cars, and pricing and advertising decisions
of automobile manufacturers and dealers. I estimate the model with detailed car
transaction and local advertising data, and I recover consumer preferences and firm
surplus. On the demand side, the consumer purchase decision depends on the dis-
tance between dealers and consumers and advertising spending by both dealers and
manufacturers. On the supply side, both dealers and manufacturers make a price-
cost markup which is the result of a double marginalization pricing externality, and
there is a public goods advertising externality. Advertising is under-provided from
the perspective of total vertical surplus compared to the optimal decisions of an in-
tegrated vertical structure. I recover manufacturer and dealer surplus in a similar
way to the previous literature that only models pricing decisions of firms. Dealer and
manufacturer surplus depends not only on price-cost markups, but also on advertising
spending. I find that dealers earn 8% more surplus on average than manufacturers,
in contrast to about 16% more in a specification without advertising decisions.

The automobile dealer-manufacturer relationship is highly regulated by U.S. states.
I use the estimation results to predict how dealer and manufacturer decisions would
change after changes to two dealer franchise regulations. In a first counterfactual, I
find that if a dealer-manufacturer pair is allowed to coordinate decisions, advertis-
ing more than doubles and prices fall by 15% on average for the coordinated firm.
However, the average price falls by 20% if advertising is held constant. In a second
counterfactual, I simulate the effect of forced dealer exit. Brand advertising falls sub-

stantially, which harms the remaining dealers, even though they face less competition.
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Chapter 1

Introduction

It is common for retailers and manufacturers of the same product to engage in pro-
motional effort. Naturally, promotion by one level of a vertical structure benefits
the other; for example, retail advertising shifts consumer demand and positively af-
fects manufacturer surplus. However, promotional incentive concerns arise within
vertical relationships, akin to the well-studied pricing incentive problem of double
marginalization. If the retailer considers only its own marginal benefit of promotion
decisions, then a public goods externality exists and promotion is under-provided from
the perspective of joint manufacturer-retailer surplus. As in the case of the double
marginalization externality, the promotion public goods externality may have signifi-
cant consequences for consumer welfare and firm surplus. Although promotion plays
a large role in many industries, structural empirical models of vertical relationships
do not account for promotion decisions.

I empirically study promotion decisions within the context of new car dealer and
manufacturer local market advertising. In this market, pricing and promotional in-

centive problems arise for two reasons. First, both car dealers (retailers) and man-



ufacturers spend significant resources on advertising in local markets. For example,
in 2010, new car dealers spent an average of $335,000 on promotion, about half of
accounting profits on average; and car manufacturers spent a total of more than $2 bil-
lion in local market advertising expenditures.! Second, strict state regulations govern
dealer-manufacturer interactions. These regulations inhibit the ability of manufactur-
ers and dealers to resolve price and promotional incentive issues. For example, dealers
and manufacturers cannot contract on retail prices, quantity, or advertising spending.
Also, manufacturers cannot sell directly to consumers, and their ability to terminate
existing dealer relationships is restricted. The result is that the vertical relationship
is well approximated by the textbook two-stage game in which manufacturers set
linear wholesale prices, and dealers make retail pricing decisions in response. Because
these regulations promote vertical inefficiencies, they have been recently criticized for
harming consumer welfare and potentially contributing to the weakness of the U.S
car manufacturing industry.?

Estimating the economic power of firms from structural models of supply and
demand has a long tradition in the industrial organization literature, including the
seminal studies of Bresnahan (1987), Berry, Levinsohn, and Pakes (1995) (BLP), and
Nevo (2001). These and many related studies typically ignore the distinction between
manufacturing and retailing. Implicit in the interpretation of results is the assumption

that retailers (or manufacturers) are passive agents that make no strategic decisions.

!Dealer data from the National Association of Automobile Dealers December 2010 Dealer-
ship Financial Profile and includes all costs associated with advertising: http://www.nada.org/
Publications/NADADATA/dealership_profile/.Manufacturer data come from my own calcula-
tions based on data from Kantar Media and includes only costs associated with the purchase of
advertising space.

2For two recent examples of criticisms from U.S. government policy-makers, see Bodisch (2009)
a 2001 speech made by Federal Trade Commission chairman Thomas Leary, http://www.ftc.
gov/speeches/leary/learystateautodealer.shtm. Also see Lafontaine and Morton (2010) for a
broader overview.



However, recent empirical studies have extended structural methods to examine ver-
tical relationships. For the most part, these studies assume that manufacturers and
retailers compete by choosing prices, for example, Villas-Boas (2007), Brenkers and
Verboven (2006), and Bonnet and Dubois (2010). Other studies model pricing deci-
sions along with an additional strategic variable, such as the set of products offered
for sale (Crawford and Yurukoglu (2012) and Ho (2009)), but not promotional or
selling effort.

I make three primary contributions to the literature. First, I estimate a model of
demand for new cars using complete new car transaction data and local market ad-
vertising data in the state of Virginia. Second, I contribute to the structural empirical
literature on vertical relationships by estimating a model where firms choose prices
and promotion effort, and I show how incorporating promotion decisions change esti-
mated firm surplus and policy predictions. I use the demand estimates and the model
to recover dealer and manufacturer surplus in the tradition of previous studies such
as BLP and Nevo (2001). Third, through a set of counterfactual exercises, I quantify
the pricing and advertising incentive problems in this industry and evaluate the effect
of dealer-manufacturer regulations on welfare.

I estimate a random coefficients logit model of demand for new cars using complete
transaction level purchase data in the state of Virginia. Consumers in the model have
preferences over prices, car characteristics, distances to dealers, and dealer and brand
advertising. Dealer advertising increases demand for all cars at a particular dealer,
and brand advertising affects the quality of all products of the same make/model sold
in a local market. To my knowledge, I am the first to study this industry using data on
the population of transactions in a market. These data reveal a complete sense of the

substitution patterns of consumers and competition between individual car dealers.



The data include the entire population of new car transactions in the state of Virginia,
the locations of consumers and dealers, and actual transaction prices. I combine these
data with local market advertising expenditures of both dealers and manufacturers.
The estimation results imply that consumers have a strong distaste for traveling
in order to purchase new cars. I also find that both dealer and brand advertising
positively affect demand, but there is substantial heterogeneity among consumers in
their taste for advertising. Many consumers are not affected by advertising.

On the supply side, I present a model of manufacturer and dealer behavior. In
the model, manufacturers set wholesale prices and brand advertising each quarter.
Dealers react by setting retail prices and dealer advertising. Double marginalization
exists because both the dealer and manufacturer make separate pricing decisions,
which results in a price-cost markup for both firms. There is also an advertising
public goods externality: since dealers and manufacturers make separate decisions,
the dealer (manufacturer) does not take into account the marginal benefit of adver-
tising to the manufacturer (dealer). The advertising externality implies advertising is
under-provided compared to the optimal decision of an integrated vertical structure.
The fact that consumers dislike traveling in order to purchase cars implies that the
geographic differentiation of dealers affects dealer competition. Two geographically
close dealers are much closer substitutes, and thus much closer competitors, than two
more distant dealers. Because of this, dealers only compete against a relatively close
subset of rival dealers instead of all the dealers in their media market, for example,
Richmond and all of the surrounding counties.

After estimating demand, I recover cost functions of firms using the model of firm
behavior and quantify the division of surplus between dealers and manufacturers.

Villas-Boas (2007) and Villas-Boas and Hellerstein (2006) show how to solve for and



identify cost functions in empirical models of vertical structures. I build on their work
by modeling a second choice variable for both upstream and downstream firms and
show how to solve the model analytically to recover the cost structure of dealers and
manufacturers. Costs have closed-form solutions and are computed in a similar way to
previous empirical models of differentiated products. I define the division of surplus
as dealer average profits over manufacturer average profits per product (including
advertising costs). I find that dealers earn about 8% more surplus than manufacturers
per car sold on average. I contrast this measure with the ratio of markups (dealer
to manufacturer) per product, estimated from a model without advertising decisions,
which implies dealers make 16% more surplus on average than manufacturers. Also,
the division of surplus varies much more across brands after accounting for advertising
decisions. Variation in estimated surplus reflects the advertising incentives within the
vertical relationship that are not captured in a model without advertising.

The new car market is heavily regulated at the state level. One regulation that
has received recent attention from academics, policy makers, and the media is the
requirement that cars be sold through an independent network of licensed franchises.
Manufacturers may not sell directly to consumers, nor can they own a controlling
stake in any dealers’ operations. This separation in decision-making leads to double
marginalization and the advertising externality discussed earlier. To address the ef-
fect of this regulation, I use the estimated model to simulate vertical coordination
between dealers and manufacturers. I allow one dealer-manufacturer pair to coordi-
nate at a time, and then solve for retail prices and dealer advertising in the retail
sub-game. I find that dealer advertising increases by 150% on average, suggesting
that the advertising externality in this industry is quite large. I also find that retail

prices fall drastically, by about 15% on average. A decline in retail prices as a result of



solving the double marginalization problem is often cited as a reason to allow vertical
coordination/mergers.®> However, I find that when firms can also adjust their adver-
tising levels, the price benefit of coordination weakens. On average, across different
manufacturer-dealer pairs, prices are 30% higher when firms also adjust advertising
levels after coordination takes place.

In most states, including Virginia, regulations make it very difficult for manufac-
turers to close dealer franchises.* In 2009, Chrysler and General Motors proposed
closing more than 3,000 dealers. They used their impending bankruptcy proceedings
as a legal way around the state laws regulating dealer terminations. I use the model
to simulate the effect of hypothetical Chrysler dealer closings in 2007 and evaluate
claims made by Chrysler and GM about the anticipated market effects. I predict that
Chrysler would substantially decrease brand advertising in local markets after closing
dealers. The decrease in brand advertising harms the remaining dealers, outweighing
any positive competitive effects from the exit of rivals.

In the next chapter, I review both the related theoretical and empirical literature.
In chapter 3 I describe the industry. In chapter 4 I introduce the empirical model. In
Chapter 5 I describe the data and present some descriptive analysis of the market. I
detail the estimation of the model in chapter 6 and results are presented in chapter
7. Chapter 8 provides a discussion of the policy implications of my results and

counterfactual exercises. Chapter 9 concludes.

3 Arguments against vertical mergers, such as market foreclosure, are not explicitly in the model.
However, the results of one of my counterfactual exercises suggest that foreclosure might not be a
concern.

4This particular regulation has its roots in the Dealer’s Day in Court Bill of 1956.



Chapter 2

Literature Review

This research is closely related to four mostly separate literatures: empirical models of
vertical relationships, empirical models of advertising, theoretical models of vertical
relationships, and empirical studies of the automobile industry. In this section, I

describe the most relevant papers.

2.1 Theoretical Models of Vertical Relationships

There is a rich literature that studies the economics of vertical relationships, including
a long tradition of focusing on selling effort between vertically related firms. Typically,
these papers are concerned with how to resolve price and effort/service externalities
in vertical relationships using vertical restraints.

The most commonly examined vertical externality in the literature is double
marginalization. To illustrate double marginalization, consider a simple economy
with a monopolist manufacturer and retailer. The manufacturer sells goods to the

retailer for a linear price, who then sells the goods to consumers. Both have some



degree of market power and both charge a price markup over marginal cost. The re-
tailer does not take into account the effect of its price decision on the marginal profit
of the manufacturer. The final retail price of the good is higher than a single, inte-
grated firm would choose. Total consumer surplus is lower, and direct consequence of
the higher price, and total firm surplus is lower than if a single integrated firm made
all pricing decisions.! As I will describe below, this externality extends naturally to
oligopolistic competition and to non-price competition. Much of the theoretical lit-
erature is concerned with analyzing contractual arrangements, termed “restraints in
the literature,” that resolve the double marginalization problem. Common examples
of restraints suggested in the literature include fixed fees, two-part tariffs, and retail
price maintenance.?

To provide some context for a review of the literature, I preview the model of
firm behavior I use to describe the automobile industry. Manufacturers and dealers
compete in two stages. In the first stage, all manufacturers compete against each
other by simultaneously setting wholesale prices and brand level advertising in local
markets. In the second stage, dealers compete against each other by simultaneously
setting retail prices and dealer advertising. Manufacturers have full information about
dealers, and the equilibrium concept is sub-game Nash perfection. This set-up is a
very standard case in the theoretical literature, and it applies particularly well to the
automobile industry because state regulations restrict the ability to use anything other
than linear wholesale prices, or otherwise control the pricing and advertising decisions
of dealers. The assumption of linear prices and non-cooperative behavior between

dealers and manufacturers implies a double marginalization pricing externality, as

!Two seminal references on double marginalization and the theory of vertical relationships are
Spengler (1950) and Rey and Tirole (1986).
2See Mathewson and Winter (1984) for a detailed analysis of many common vertical restraints.



well as a public goods advertising externality akin to double marginalization.

Rey and Vergé (2008) review much of the literature on vertical relationships and
provide a general treatment of vertical restraints and selling effort in vertical rela-
tionships. They conclude that standard results about restraints that resolve double
marginalization no longer hold when selling effort is introduced along with price set-
ting behavior. For example, retail price maintenance can no longer induce the retailer
to sell the first-best quantity from the perspective of total firm surplus, but a two
part tariff can still achieve the first best outcome. My treatment of selling effort, or in
my case advertising, differs from Rey and Vergé (2008), as they consider a marginal
cost of effort and I consider advertising from a fixed cost perspective.

Mathewson and Winter (1984) consider a monopolist selling to many spatially
differentiated retailers. Retailers must inform consumers of a product’s existence.
Once a consumer has seen an advertisement, he or she knows their valuation for the
product and can purchase the product for the price. They also find that there is an
advertising externality, and a simple price maintenance contract by the manufacturer
is not sufficient to resolve both a pricing and advertising externality.

Perry and Porter (1990) model a single manufacturer selling to downstream firms
spatially competing on a Salop circle. The retailers set prices and provide a service
that increases consumers willingness to pay for the good. With linear prices, there
is an externality and retailers can provide either too little or too much service from
the perspective of total firm surplus and total welfare. This is the same public goods
externality that arises in my model. Furthermore, the authors find that retail price
maintenance does correct the externality, and retailers continue to under-provide
service. Combinations of price maintenance and a fixed fee can correct the service

externality. The main takeaway is that results about vertical restraints and economic
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efficiency do not generalize to situations when more than prices are being decided
in the vertical relationship. They propose contracts that achieve the joint profit
maximizing equilibrium, and find that price maintenance and territorial restrictions
are substitutes.

Winter (1993) considers a setting where a monopolist manufacturer sells through
multiple retailers. The retailers compete by setting price and a “service” variable.
Service acts to decrease the transportation cost in a linear spatial model. Naturally,
retailers are biased towards price competition, so too little service is provided from
the manufacturers point of view. However, the manufacturer can use a price floor to
limit price competition and induce more service for the product.

There is a group of more recent marketing papers that explore sales effort, or
advertising decisions, in vertical relationships using a Hotelling line framework. Iyer
(1998) finds that retailers tend to provide too little service in a framework where a
monopolist sells to multiple retailers who compete on a Hotelling line. He finds that
if variation in consumer tastes are high enough, the manufacturer will offer different
contracts to different retailers, or alternatively, the manufacturer can offer a menu
of contracts to retailers and the retailers will self select themselves into different
contracts. Shaffer and Zettelmeyer (2004) model two manufacturers selling through a
single retailer that faces a linear demand. They show that when advertising decreases
the substitution between the products (by decreasing “transportation” costs similar
to the mechanism in Winter (1993)), manufacturers are better off compared to a
zero advertising world, but when the advertisements are only seen by low valuation
consumers, manufacturers are worse off. This is in contrast to my model, where I treat
advertising as persuasive. See the discussion below in Chapter 2.3 for a dichotomy of

alternative mechanisms for advertising in consumer demand.
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2.2 Empirical Models of Vertical Relationships

There is a growing literature on empirical models of vertical relationships in both
industrial organization and quantitative marketing. Two different paradigms are used
to model the interactions of vertically related firms in the literature: non-cooperative
games, the approach I take, and cooperative games. In the non-cooperative game
approach, one type of firm, typically manufacturers, make take it or leave it offers
to the other type of firm, typically retailers. This framework can potentially imply
incentive problems, like double marginalization. This is a natural framework for
industries where there are many retailers compared to manufacturers, or a bargaining
setting is implausible, or both. The cooperative game framework is most natural is
settings there there are a similar number of upstream and downstream firms, or
there is a good reason to believe that a specific bargaining mechanism exists between
firms. For example, this is the framework generally used to model hospital-insurer
interactions because there is documentation of contract bargaining in this industry,
and there are relatively few firms.

In probably the most relevant paper, Villas-Boas (2007) uses the non-cooperative
framework to model the interactions between grocery retailers and yogurt manufac-
turers. The author estimates consumer demand for yogurt and then infers the costs of
grocery stores and yogurt manufacturers from various models of retailer-manufacturer
price setting behavior, including manufacturer Stackelberg with linear prices, retailer
Stackelberg with linear prices, manufacturer marginal cost pricing (with a fixed fee),
retailer marginal cost pricing, and various degrees of manufacturer or retailer col-
lusion. The author tests these models against each other using non-nested model

testing procedure and finds that the models that attribute greater pricing power to
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the retailer fit the data better. My research is related to Villas-Boas (2007) along two
dimensions. First, it may be the case that the ability to advertise could be a source
of relative pricing power for the retailer not explained by the models. In other words,
a different model might fit the data better, for instance the manufacturer Stackelberg
model, if both pricing and advertising decisions are incorporated. Second, she devel-
ops a procedure to calculate markups in vertical relationships that is nested in the
BLP and Nevo (2001) framework of empirical models of product differentiation com-
petition. I extend this framework by showing how to calculate markups when both
manufacturers and retailers choose a second strategic variable, in my case advertising.

There is a growing literature that uses the methods and insights of Villas-Boas
(2007) to empirically examine vertical relationships. Bonnet and Dubois (2010) test
for the presence of non-linear tariffs in bottled water retailing and find that a model
with a two part tariff rationalizes the data better than linear wholesale pricing. In
their model of two part tariffs, they assume the manufacturer prices at marginal cost
and then charges the retailer a fixed fee at the end of a certain time frame. Bonnet
et al. (2013) consider how vertical restraints influence cost pass-through in the German
coffee industry. They find that price maintenance increases pass-through rates. In
an application to international trade, Goldberg and Hellerstein (2007) examine the
sources of incomplete exchange rate pass-through in the US beer market. Meza and
Sudhir (2010) study private labels and extend the framework to deal with chains of
stores and deviations from Nash-Bertrand pricing in a conduct parameter framework.
Villas-Boas (2009) look at the welfare effects of wholesale price discrimination in a
grocery product.

Other examples of non-cooperative models of vertical relationships can be found in

the quantitative marketing literature. An early example of a paper that uses similar
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methods is Sudhir (2001). In that paper, the author also, like Villas-Boas (2007) con-
siders multiple models of vertical interaction and multiple models of demand, however
between a single retailer and multiple manufacturers in the grocery industry. Using
data from two grocery categories, he finds that logit demand and a manufacturer
Stackelberg pricing model fit the data better than a multiplicative demand model
and collusive behavior by the manufacturers.

More generally, the empirical investigation of vertical relationships has been an
active area of research and involves a mix of empirical strategies. Many studies infer
an effect of organizational form on some outcome variable, while other papers explic-
itly model the behavior of vertically related firms and estimate firm surplus. However,
much of the structural work in this area only considers price decisions between firms,
or discrete decisions like contracting outcomes between parties. There are a range of
industries where vertical issues have recently been examined, such as airlines (Forbes
and Lederman (2009) and Forbes and Lederman (2010)), hospitals (Ciliberto (2006),
Ho (2009) , Brand et al. (2012)), cable television (Crawford and Yurukoglu (2012) ),
groceries (Bonnet, Dubois, and Simioni (2006) and Kadiyali, Chintagunta, and Vil-
cassim (2000). Lafontaine and Slade (2007) provide a thorough review of the empirical
literature on vertical relationships. They present mixed evidence from the literature
on the effect of vertical integration on firm performance/quality, but slightly more
conclusive evidence that integration benefits consumer welfare.

There are two studies that are particularly related to my work. Mortimer (2008)
studies vertical coordination in the video rental industry by examining how a change
from linear price to revenue sharing contracts in affected profits and consumer wel-
fare. She estimates substantial benefits for upstream firms, downstream firms, and

consumers from revenue sharing contracts. Ho (2009) uses a model of demand for
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hospital services and a cooperative bargaining game of contracting decisions between
hospitals and insurance companies to estimate hospital and insurance surplus. She
concludes that higher quality hospitals have an incentive to invest in cost saving tech-
nology (relative to insurance companies) because they capture the benefit of these
investments in the form of price markups, whereas lower quality hospitals do not
have this investment incentive. There is a similar mechanism in my model, where

high quality car dealers have greater incentives to spend more on advertising.

2.3 Empirical Models of Advertising

There is an established literature in industrial organization that is concerned with
empirically examining the effects of advertising on consumer demand, and quantify-
ing the effect of advertising on competition between firms. I estimate elasticities of
demand with respect to advertising in the automobile market, and also show that
advertising is an important competitive concern for firms not just horizontally among
rivals, but also vertically.

Advertising’s effect on consumer demand can be classified into two broad cate-
gories, persuasive and informative. Along with many other papers, I treat adverting
as persuasive. There are a number of earlier examples of structural models of per-
suasive advertising. Roberts and Samuelson (1988) estimate a dynamic model of
advertising in the cigarette industry. They test between two potential effects of ad-
vertising on industry competition, segment promotion and business stealing. They
find that advertising’s primary role is to steal business from rivals. In other words,
greater industry advertising does not lead to significantly greater total industry sales.

Ackerberg (2003) uses a dynamic learning model of yogurt sales to distinguish between
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the persuasive and informative effects of advertising. He finds that the primary role
of advertising in this market is to inform consumers about new products, although
the informational benefit is low, and so advertising is wasteful in terms of total sur-
plus. In static model of demand, Nevo (2001) treats advertising as persuasive in the
breakfast cereal market and finds economically and statistically significant elasticities
of advertising, however he does not control for the likely endogeneity of advertis-
ing. Shum (2004) treats advertising in a persuasive role and interacts the effect of
advertising with whether the consumer has purchased the product before. He finds
that advertising is effective at getting consumers to change brands. Anderson et al.
(2012) estimate a structural model of advertising decisions by pharmaceutical firms.
Advertising is persuasive, but can either positively persuade a consumer to purchase
a product, or negatively attack a rival product.

While Ackerberg (2003) separately distinguishes between a persuasive and infor-
mative effect of advertising, most papers a single role for advertising is assumed. For
example, Erdem and Keane (1996) study grocery purchase decisions in a dynamic
model. Advertising informs consumers about product characteristics by decreasing
the uncertainty a consumer has about the value of the true product characteristic.
Sovinsky Goeree (2008) estimates a model of purchase behavior in the new PC market
using aggregate and micro-level data on PC sales and advertising exposure. Advertis-
ing acts to inform consumers of a product’s existence. Each consumer makes a static,
discrete choice facing an individual choice set, where the products in the choice set

are a function of whether or not the consumer has been exposed to advertising.
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2.4 The Automobile Dealer Manufacturer Rela-
tionship

There is a sparse literature on the new car dealer-manufacturer relationship. Bresna-
han and Reiss (1985) find that markups between dealers and manufacturers is pro-
portional across the product line. More recently Busse, Silva-Risso, and Zettelmeyer
(2006) use transaction level data to infer pass-through rates of dealer versus consumer
oriented sales incentives. Their results imply that dealers take advantage of informa-
tion asymmetries between the two types of sales incentives. Using aggregate sales
data from Europe, Brenkers and Verboven (2006) predict welfare gains from a change
in the way manufacturers sell through dealers in Europe.

There has been some recent work on auto industry policy issues relating to both
the recent financial crisis, and to auto retailing regulations more generally. Lafontaine
and Morton (2010) provide an overview of manufacturer and dealer issues relating
to the recent U.S. automobile manufacturer financial crisis. They also suggest that
many state auto industry regulations contributed to the financial weakness of U.S.
automobile manufacturers, and regulations may adversely effect consumer welfare.
Albuquerque and Bronnenberg (2012) use transaction data to investigate the impact
of the recent decrease in auto demand on the car industry.®> They estimate a struc-
tural model of demand, supply, and entry/exit among a set of dealers and provide
an argument for GM and Chrysler to close dealers based on fixed distribution costs
per dealer. I contribute to their work simulating how advertising decisions change
competition after dealer closures. Recently, the Department of Justice advocated

eliminating state bans on direct sales to consumers. They predict that direct sales

3Their data covers a sample of dealers in the San Diego, California metropolitan area.
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would reduce distribution costs and better match consumer preferences with car pro-
duction. Although my model is not able to address production and inventory issues,

my results suggest consumers would benefit from direct sales through lower prices
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Chapter 3

Industry Background

In this section I present industry background that motivates the model and counter-
factual exercises.! There are nearly 500 new car dealers in Virginia, selling every ma-
jor car brand.? Dealers are traditional franchises, and they have what are essentially
perpetual contracts to sell cars from manufacturers. Manufacturers must offer their
full-line of cars to any dealer that it has established a franchise relationship with.
Dealers can only sell new cars from manufacturers with which they have franchise
contracts, so dealer entry is ultimately a decision of the manufacturer. Traditionally
dealers sold only a single brand at each location, it has become more common for
a single location to be a franchise for multiple brands. Dealers buy cars directly
from the manufacturer and then sell to consumers. This means that every car on a

dealership lot is either owned out right, or financed by the dealer through a bank.

'Much of the knowledge presented in this section is derived from interviews with various industry
insiders. One interview with a dealer who owns multiple dealerships, sits on many dealer association
boards, and has been president of the National Automobile Dealer Association was particularly
useful. An understanding of the historical regulatory framework is due to McHugh (1956)

2“Dealership” is the common term for the physical location of a dealer’s selling operations.
However, throughout the paper I adopt the term “dealer” to refer both to the person and the
location of sales.
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State regulations tightly govern the new car market.®> Traditionally, dealers and
dealer associations have had significantly more influence in state legislatures than
manufacturers, leading to regulations that are viewed as favoring dealers. Modern
regulations date back to the Dealers” Day in Court Bill of 1956 passed by the U.S.
Congress. The bill centered around the ability of manufacturers to terminate dealer
franchise relationships; it protected dealers legally and made it difficult for a manufac-
turer to end or fail to renew a dealer franchise contract without just cause. Since then
state laws have expanded to included those that regulate not only dealer termination,
but almost every other interaction between manufacturers and dealers. For exam-
ple, manufacturers generally are prohibited from using tools such as quantity forcing,
price maintenance, two part tariffs, service or quality provisions, or investment re-
quirements, such as advertising or showroom quality.? In practice, if a manufacturer
wants to close a dealer it must offer the dealer a buyout which the dealer could freely
choose to accept or reject. For example, General Motors spent more than $1 billion
on dealer buyouts when it closed its Oldsmobile line.?

A striking feature of the new car market is the difference in dealer network sizes
across manufacturers. American car manufacturers, most notably GM, Ford, and
Chrysler, have many more dealers than foreign manufacturers. Dealers affiliated

with American car manufacturers sell many fewer cars than dealers associated with

3For a thorough review on the current regulatory environment see Lafontaine and Morton (2010)
and Canis and Platzer (2009).

4Since these tools generally resolve externalities in the vertical relationship, there is some question
to why dealers lobbied for them in the first place. Initial legal analysis of the “Dealers Bill” of 1956
suggests that dealers felt like they had zero bargaining power, and so surplus from the relationship
was unfairly in favor of manufacturers. There is also some sense in which franchise contracts may
have included terms that were not enforceable, and the nature of the burden of proof for enforcement
favored manufacturers. See, for example McHugh (1956) and Fulda (1956)

®See James Surowiecki, Dealer’s Choice, The New Yorker, September 4, 2006, http://tinyurl.
com/5fgjjh.
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foreign brands. This is partly because many dealer termination regulations were
enacted after American brands had established dealer franchise networks and before
foreign brands entered the market. Lafontaine and Morton (2010) establish this fact
in detail and describe the dynamics of dealer networks. In order to avoid dealer
termination penalties, GM and Chrysler used their recent financial problems and
potential bankruptcies as an opportunity to downsize dealer networks. In fact, U.S.
car manufacturers have been shrinking dealer networks for the past half century, but
can typically only through attrition because state laws restrict the termination of
dealer relationships. During bankruptcy those manufacturers proposed about three
thousand dealer terminations, but only a few hundred for each brand actually closed
after the proposal prompted court and legislative challenges at the state and federal
level.

Manufacturers and dealers spend significant resources advertising in local mar-
kets. Manufacturers either advertise directly in local markets and/or organize dealer
advertising associations to coordinate regional and local brand advertising. Dealer
associations are typically funded by manufacturers, sometimes explicitly through ad-
vertising “fees” posted as a line item on invoice prices to dealers. Participation in such
associations is not mandatory, but conversations with dealers suggest that participa-
tion is nearly universal, especially in larger markets. Dealers can contribute their own
funds for the dealer association, but this behavior is relatively rare. Instead, dealers
use their own funds to pay for dealer specific advertising which is an independent
decision apart from the dealer association in terms of advertising funds and content.
Manufacturers cannot require dealers to advertise. In some cases dealers use creative
material provided by the manufacturer, but it is not clear whether this is provided

gratis by the manufacturer.
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Manufacturers and dealers associations advertise the “brand,” and dealers adver-
tisements typically focus less on the brand and more on qualities specific to the dealer.
In the model I present later, I assume that brand advertising affects consumers dif-
ferently than dealer advertising does.® Manufacturer and dealer association brand
advertising tends to communicate messages about brand, features, and desirability.
Xu et al. (2013) studies advertising content for trucks, and finds that local market
ads by manufacturers and dealer associations have very similar mixes of price and
brand content. Dealer association advertising tends to cater more to local popula-
tions, for instance featuring local celebrities or sports teams, but still emphasizes
the brand. In some cases the manufacturer advertisements have higher production
quality, but in many cases the same creative content is used by manufacturers and
dealer associations. Dealer advertisements typically have a lower production quality
and stress features such as service, buying experience, selection, and getting a “good
deal.” Although prices are advertised, individual price negotiation is prominent in
this industry: advertised prices do not reflect actual prices paid.

In most states, manufacturers cannot sell directly to consumers. Recently, these
regulations have received attention because Tesla Motors, an electric car manufac-
turer, has been selling cars in many states directly to consumers through internet
orders. In some cases the Tesla sales model works through a “loophole” in current
state regulations; in other cases it is unclear whether Tesla’s sales operations are
legal. Dealer associations are lobbying state legislatures to take action and rewrite
regulations to be clear about cases like Tesla’s. State legislators in New York, North

Carolina, Texas, and Virginia, have introduced legislation to make it harder for con-

61 have watched examples of advertisements provided by my advertising data source and there
are clear quality and message differences.
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sumers to purchase and register cars not bought from franchised dealers, even through
phone or internet orders.”

There are many other laws that regulate the relationship between manufacturers
and dealers are common across most states. Manufacturers cannot use vertical re-
straints in dealer franchise contracts. Such as price maintenance, quantity forcing, and
fixed fees. Manufacturers cannot terminate a sales relationship with a dealer except
under special circumstances. There are limits to how close a new dealer can locate
near an existing dealer of the same brand. Typically a dealer’s exclusive territory
extends in a twenty mile radius. Manufacturers cannot wholesale-price discriminate
between dealers in the same state, and in practice do not price discriminate across
entire regions. Lafontaine and Morton (2010) provide a thorough discussion of state

dealer franchise regulations, and detailed documentation in an online appendix.

"See “Tesla vs. the auto dealers of America,” MSNBC, June 28, 2013, http://tinyurl.com/
mrzaxha; “Local Dealers Pan Tesla’s On-line Sales, Apply Legislative Pressure,” ABC World News,
September 12, 2013, http://tinyurl.com/kf6qd8w, and “State battles yield mixed results. A
federal approach might be next,” Automotive News, September 9, 2013, http://tinyurl.com/
m7wdntv.



23

Chapter 4

Empirical Model

4.1 Demand

In this section I describe the demand for new cars. Each period, consumers make a
discrete choice among differentiated products. I define a product as a car make/model
from a particular dealer. Consumers, indexed 7 = 1..IN, decide which of the j = 1..J;
products to purchase in their home market, where ¢t = 1..T indexes markets. A market
is a particular geographic location, in this case a metropolitan area, at a particular
time. Consumers can only purchase products located in their geographic market. The
consumer also has the option of no purchase, denoted as j = 0.

Consumer ¢’s indirect utility for a new car 7 in market ¢ is a function of observed
car characteristics, x, prices, p, a function g(a, A; ¢) of exposure to local dealer and
brand advertising,a and A respectively, and a function f(D;A) of the distance from
the consumer location to the product location, D. Indirect utility of product j for

consumer ¢ in market ¢ is
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uije = Bije + aipje + f(Dije; A) + g(are, Azye; @) + &Gt + €ije, (4.1.1)

where f3; is a vector of consumer specific preferences for car characteristics, «; rep-
resents a consumer specific preference for price, A and ¢ are preference parameters
for distance and advertising , and &; represents a product-market specific preference
that is known to the households and firms, but unobserved in the data. The index
convention r; maps product j to dealer r, and the z; maps product j to car model z.
The term €5 is i.i.d., follows the Type I extreme value distribution, and represents
unobservable household specific tastes. I assume that utility from not purchasing is
only a function of an unobserved consumer specific preference: u;o; = €;0;. Households

choose the option with the highest indirect utility.

4.1.1 Price and product characteristics

Consumers have preferences over product price and product characteristics. Prefer-
ence for price is distributed truncated Normal, where the scale parameter is a function

of consumer i’s income, Y;:

(

TrN(ak, o, (—o0,0]) if Ty € [0,50000)

a; ~ § TrN(a™, o, (—o00,0]) if T; € [50000, 100000) (4.1.2)

TrN (o, o?, (—00,0]) if T; € [120000, c0),

I allow for individual specific preferences for product characteristics. Letting k =

1..K index characteristics, consumer i’s preference for characteristic k is
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Bit = Br + Tiroy,,

where 7;;, is distributed standard normal, and represents unobserved individual pref-
erences for product characteristic k. As noted in BLP and subsequent related studies,
this specification allows for realistic substitution patterns that do not suffer from the
independence of irrelevant alternatives problem. A consumer with a strong positive
preference for a particular characteristic, for example horsepower, will more likely sub-
stitute to products with high horsepower before products without high horsepower,

all else equal.

4.1.2 Distance

To capture the idea that households may prefer to purchase cars from nearby dealers
over dealers that are farther away I allow indirect utility for product j to be a function
of the distance, D;; between the consumer home and the location of the dealer that

sells the product. I define the function f() as,

f(Dijei; A) = M Dije + )\QDZ'th + AsH Dyjy + Ny Hy Dy,

where A\; and Ay are preferences for distance and distance squared respectively, and
A3 and A4 capture preferences for distance interacted with household characteristics,
H, and H,. I include travel time to work and a measure of population density as
household characteristics that influence preferences for distance.! This formulation

of spatial demand that included distance in the utility function is a common treat-

'For population density I use the land area of the household’s Census Tract. Tracts are designed
to have similar populations, so land area is highly correlated with population density.
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ment in the literature, including Davis (2006), Thomadsen (2005), and Houde (2012),
among others. Allowing for distance in the utility function creates spatial competi-
tion between dealers which implies that dealers with fewer geographic competitors
have more market power, holding other things constant. Household preferences for
distance have strong implications for cross-price elasticities between competitors of
varying distances. Previous studies have found very strong effects of distance on de-
mand across a variety of industries. In the automobile industry, Albuquerque and
Bronnenberg (2012) find an effect of distance that is slightly stronger, but of a similar

magnitude, than what I find.

4.1.3 Advertising

Advertising enters utility through the function g(a, A; @). 1 limit the analysis to tele-
vision and print advertising and aggregate them into a single variable of advertising
expenditures measured in dollars. Advertising is classified into two types: (1) dealer
advertising, a, and (2) brand advertising, A.> Brand advertising is model/make spe-
cific, and can represent either advertising for the entire brand or for the specific model.
The two types of advertising have (potentially) different and linearly separable effects
on utility: dealer advertising influences the utility for every product at that dealer,
and brand advertising influences the utility for every product of that brand/model.?

Households may respond to advertising differently, and may also be exposed to

different levels of advertising. To capture this, I allow for consumer specific preferences

2When reasonable, I use lower case letters to denote variables associated with dealers and upper-
case letters to denote variables associated with manufacturers.

3Tt is sometimes the case that dealer advertising is specific to a particular brand, even if the dealer
sells more than one brand. When this happens, I make the strong assumption that this advertising
perfectly “spills over” to the other cars sold by the dealer.
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for advertising. This could either represent heterogeneity in tastes for advertising, or
heterogeneity in exposure to advertising, however, for the remainder of the paper
I refer to this as an unobserved preference for advertising. The following is the

functional form for advertising preferences:

9 Ay @) = 61 log(a+ ar) + 9 og(A+ A, (4.13)

where,

6 ~ TrN(G, 0, [0, o)),

type € {dealer,brand} .

The term z; denotes the car model z associated with product j, and r; denotes the

“dealer brand
gaeater, grand)

dealer r associated with product j. The parameters ( are parameters

that describe the scale of advertising preferences in the population, and (gdealer| gbrand)
describes consumer heterogeneity in advertising preferences.* The parameters a and
A represent minimum levels of advertising resulting from normal business operations
in a given market.’

I allow for separate effects of dealer and brand advertising few many reasons.

First, typically these advertisements convey different types of messages about the

4Technically, ¢ is the mean of the parent normal distribution, and o is the standard deviation of
the parent normal distribution.

5In practice, this is not observed and I do not estimate it. As an approximation, I use advertising
rate data from Clear Channel to predict the value of a medium size billboard in each of the four
markets and set this value as the minimum advertising level, the idea being that this approximates
the value of a storefront with a sign. The minimum level of advertising could also include informal
advertising like word of mouth.
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product. Second, brand advertisements typically have a higher level of production
quality, and so may have a different effectiveness in shifting consumer demand per
dollar of media spending. On the other hand, dealer advertising may be better at
reflecting local idiosyncrasies in preferences, and so may have a better effectiveness.® 1
allow consumers to differ in their preference for advertising, and for a given consumer

advertising parameters are perfectly correlated.”

4.2 Automobile Dealers

[ model the supply of new cars by manufacturers and dealers as a full information two
stage game. In the first stage, manufacturers simultaneously set wholesale prices and
brand advertising levels. In the second stage (the dealer-sub-game), dealers observe
the manufacturer decisions and simultaneously make retail pricing and advertising
decisions. Fach firm has complete information about its rival firms, and I assume
there exits a sub-game perfect Nash equilibrium in prices and advertising. ®

First I introduce notation to help deal with different combinations of dealers and
brands. Manufacturers sell multiple car models through multiple dealers, and dealers
sell multiple models from (possibly) multiple manufacturers. Recall that a product
is a dealer/make/model combination. Let m; denote the manufacturer m associated
with product j, where manufacturers are indexed 1... M. Let r; denote the dealer r
associated with product j, where dealers are indexed » = 1... R. Also, recall that z;

denotes the car model z associated with product j, where models are indexed 1... 7.

6For a similar separable treatment of advertising in indirect utility, see Anderson et al. (2012).

"The perfect correlation assumption is more reasonable than a zero correlation assumption, and
the aggregate nature of the data limits my ability to identify a correlation parameter.

81 take dealer-manufacturer relationships as exogenous, so I do not model the matching of dealers
to manufacturers or dealer entry/exit.
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The reason I index models as well as products is because manufacturers make decisions
at the model level, not the product level. For example, a Toyota Camry from Mike
Brown’s Auto Mall maps to {m,r, z} = {Toyota, Mike Brown’s Auto Mall, Camry}.

Both manufacturers and dealers sell multiple products. Let the set of products
sold by manufacturer m in market ¢ be JM. Let the set of products sold by dealer
r be J¥. Also, let the set of all products of the same model z be Q.; and the set of
models from manufacturer m be Z,,;.

I solve the price and advertising game backwards, starting with the decisions of
the dealers. The goal is to recover the unobserved costs of dealers and manufactur-
ers. With costs in hand, I calculate producer surplus, and conduct counterfactual
exercises.

Dealers make one retail price decision for each product and a single advertising
decision, taking as given the wholesale price and manufacturer advertising decisions.

A particular dealer faces the following profit maximization problem:

t
max m = M E (pjt — Wit — ¢jt)Sjt — Qpt + arityp,

e jeTf
where M represents the size of the potential market for market ¢, ¢; represents
marginal cost/revenues of distribution for product j, and 1, represents unobserved
constant marginal profits from advertising. For example, unobserved revenue could
be sales from trucks, used cars, or other dealer services. Unobserved costs could be
production costs of advertising. The term c; represents additional constant marginal
costs (or revenues) of selling cars beyond the wholesale price, W. This could represent
either costs of distribution, or additional revenue from the sale of a car such as future

warranty service and other future business. Therefore, the total price-cost markup
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for the dealer for a single product is pj; — Wy, — ¢jq.
All dealers simultaneously make price and advertising decisions.For a particular
dealer, the solution involves one pricing first order condition for each product sold

and one advertising first order condition.? The price first order condition for product

7 is

&sk
sj+ Z (P — Wi — ck)a_pj =0, (4.2.1)
keJ "
and the advertising first order condition is
MZ(p»—VV—c)%—quib:O. (4.2.2)
J J J a(lr

jeTh

Define T as the dealer ownership matrix, with general element T%(g,h) = 1 if
product g and % are sold by the same dealer, and zero otherwise. Let VJ be a matrix

containing all of the first partial derivatives of shares with respect to retail prices,

Osq

e Also define V® as a row vector with general

with general element V?(g,h) =

Osg
dary

element V*(g) = Following Bresnahan (1987) and Nevo (2001), I solve for dealer

markups by stacking all of the pricing FOCs defined by equation (4.2.1),

(p—W —¢c) = —(T" V;)_ls,

Wy

where s denotes the vector of product shares and the notation “x” refers to element-
by-element multiplication. Once markups are recovered, I plug them into equation

(4.2.2) and recover ¢ directly.

9For the remainder of this chapter, I drop the time/market subscript ¢ for clarity.



31

Although optimal price and advertising decisions cannot be solved for analyt-
ically, the FOCs from equations (4.2.1) and (4.2.2) implicitly define functions for
equilibrium choices of price and advertising, given the decisions of manufacturers:
p*(W,A) and a*(W,A).'® Equilibrium prices and ads imply a level of equilib-
rium shares, s*(p*(W, A),a*(W,A), A), given manufacturer decisions. Notice that
brand advertising affects shares directly because consumer utility is a function of

brand advertising, and indirectly through dealer decisions.

4.3 Automobile Manufacturers

Manufacturers make wholesale price and advertising decisions in the first stage with
full information about how these decisions change equilibrium shares, s7, in the retail

sub-game. In a particular market, manufacturers solve the following problem:

maxlly, = M Y (We, = Co)si— 3 Aot 3 AT

jegM 2€Zmy 2€Zmt

The term C; represents marginal costs of production for model z. A manufacturer
can choose to spend different amounts on advertising for a particular model z in
different media market t. The term W, represents unobserved constant marginal
costs/revenues of advertising for model z. Notice that W, is not market specific.
This is because the wholesale price, by law, must be the same for every dealer in the
state of Virginia. Here I present the model as if there is only a single market to ease
the burden of notation; however, it is still the case that every wholesale price must

be the same for each dealer within a market. I consider the many markets case later.

1%Demand, s; is a non-linear function of prices and advertising.
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All of the estimation results presented in Chapter 7 are from the model that includes

the cross market restrictions on wholesale price.

4.3.1 Only pricing decisions

First, I abstract away from advertising decisions by both dealers and manufacturers
and derive expressions for manufacturer markups from pricing behavior only. This
analysis is nearly identical to the analysis in Villas-Boas (2007), and has been em-
ployed in other empirical studies of vertical relationships. The pricing-only analysis
will make it easier to understand the analysis with advertising decisions later, which
I present in the next subsection.

The number of pricing decisions the manufacturer makes is equal to the number of
distinct models, where the set of distinct models sold by manufacturer m is denoted
as Z,,. The number of advertising first order conditions is also equal to the number
of models in a market.!! The following defines the pricing FOCs of a manufacturer

for model z:

D s+ Z(Wf—cf)Z%Igv))ZO,

keQ. fEZm keQy
where recall that ), represents the set of products of model z. The first term is
the sum of the shares for all of the products for that model. The second term is
the markup of each model sold by the manufacturer multiplied by the sum of the
response of demand with respect to wholesale price of model z across all products of

each model. This is a typical pricing first order condition for a multi-product firm,

"Unlike pricing decisions, manufacturers can set different advertising levels for the same model
in different markets
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except I have the constraint that all products of the same model must have the same
wholesale price. The manufacturer thus aggregates over products of the same model
across dealers when making the pricing decision.

To set wholesale prices, the manufacturer anticipates how equilibrium shares re-

spond to changes in wholesale prices through retail price adjustments:

Osi _ 0si Om ., Osi O
oW,  Op, OW, dpy OW,

A change in the wholesale price, W, will result in a change in all retail prices. The
sum of these effects on demand is the total effect of the change in wholesale price.

I recover the pass-through of wholesale price to retail price, ;)%, by applying the
implicit function theorem to the retail pricing first order conditions, equation (4.2.1).
Consider the system of implicit equations Q(p, W), where the jth element is the
pricing FOC of product j:

0sy,

Q' (p,W) = s; + Z (s = Wi —cx)5— =0. (4.3.1)
ke T 8])]

Consider a marginal change in the first wholesale price, W;. The vector of retail price
derivatives with respect to the first wholesale price (or retail price pass-through of

wholesale price), V€V17 is the solution to the following system of equations,

vagl/l = QWU

where @), and Qw, are a matrix and vector (respectively) of derivatives, with general

element Q,(i,7) = 8%, and Qw, (j) = S%i-

Assuming a Nash equilibrium in prices exists, manufacturer markups are
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(W —-C) = (T % v’;’vv;)—lg*,

where V7 notates the matrix of partial derivatives of shares with respect to retail
price and T™ is the ownership matrix for manufacturers defined similarly to T%.

Here, §* denote shares aggregated across products to the model level. For example,

o* jq- o% —
§"is: 81 =2 cq, Si-

4.3.2 Pricing and advertising decisions

I extend the above analysis to the case where dealers and manufacturers make pricing
and advertising decisions. To my knowledge, this is the first that an empirical model of
vertical relationships has incorporated both pricing and a second strategic variable.
First, I derive expressions for manufacturer markups and marginal costs using the
manufacturer pricing FOCs. Second, I derive expressions for unobserved advertising
cost/revenue, ¥, using the manufacturer advertising FOCs.

Manufacturers anticipate that changes in wholesale prices lead to changes in retail
prices and changes in dealer advertising. For example, consider an increase in whole-
sale price leads to a less than one-for-one increase in retail price. The dealer sells less
and makes a lower markup per car, so it has a lower incentive to advertise.!? There
is also competition to consider, as rival dealers will have pressure to change prices
and advertising in response. The sum of these effects depends on the parameters of
demand and the structure of local markets.

A single pricing first order condition for a manufacturer is,

12Tn the model, all of these effects happen simultaneously.
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S st S ooy Y 2 %ﬁva(m A4 _y, (4.3.2)
FEQ fEZmt ke, #
where now I write retail prices and dealer advertising as a function of wholesale
prices and manufacturer advertising. Shares are also directly affected by manufacturer
advertising (the third argument) because brand advertising directly enters consumer
utility.
A change in wholesale price now directly affects the retail price decisions of dealers,
as well as the advertising decisions of dealers. Both of these effects influence how a

change in wholesale price changes shares:

sy % op1 s, Opy n 0sy Oaq s, Oagr
OW. [ OprOW.  Op; OW.  day OW.  dag OW.

Vv v
effect through dealer prices effect through dealer ads

(4.3.3)

The expression here for the derivative of shares with respect wholesale price is differ-
ent from the last subsection, where I assumed dealers and manufacturers only choose
prices, due to the second set of terms labeled effect through dealer ads. The manufac-
turer anticipates the response of dealer advertising to changes in wholesale price (and
manufacturer advertising) and knows how these changes in dealer advertising will
change sales. This is a second margin of pass-through: the advertising pass-through
of wholesale price.

To understand how the advertising pass-through influences manufacturer markups,
I use the implicit function theorem on the price and advertising FOCs of the dealer,
similarly to how I used the pricing FOCs to construct expressions for price pass-

through in the previous section.
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Next, consider a vector of the implicit equations of dealer advertising FOCs with
the following general element for the rth dealer as,
8sj

K" = ZM(Pj—Cj)aar—1+¢r=0

VISVES

where I define matrices of derivatives of the FOCs as K, K,, and Ky, with general
elements K,(r, j) = %—Z, K, (r,r") = %, and Ky, (r) = g—gj.

To recover the total effect of a wholesale price change on dealer pricing I again
apply a multivariate version of the implicit function theorem. I define the following
block matrix with dimension (J + R) x (J + R),

Qp @

g - )
K, K.

where @, is the derivative of the pricing FOCS, equation (4.3.1), with respect to

dealer advertising.'® Next, I construct a block matrix with dimension (J + R) X Z:

Qw, - Qw,
Kw, - Kw

zZ

H =

This matrix holds the derivatives of all the dealer FOCs (including advertising) with
respect to wholesale price.
The matrix of wholesale price pass-through is the solution to the following system

of equations,

13The dimension here is the total number of dealer FOCs in the market
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GVl = H,

where the first J rows of Vy, are the price pass-through terms, and the last R rows
are the advertising pass-through terms.
Using equation (4.3.2) and the notation for pass-through just introduced, manu-

facturer markups are expressed as

\%
(W —-C)=—-1x(T" vV | "|)'& (4.3.4)
VS

a
where V, the matrix of the derivative of shares with respect to dealer advertising.
Brand advertising by the manufacturer is at the model level, and therefore af-
fects all products of the same model regardless of the dealer. In this sense, brand
advertising “raises all boats” with respect to the dealers. The number of advertising
decisions equals the number of products multiplied by the number of local markets.'*
The manufacturer advertising first order condition for model z in local market ¢ is

S, - CZk)aSk(p(W, %)f,la(w, A)A) v o (435)
zt

keJg

The partial derivative of shares with respect to manufacturer advertising implies
that the manufacturer anticipates changes in dealer price and advertising effort (p, a)

given changes in own brand advertising:

141 am ignoring here a more general equilibrium effect of national advertising. National advertising
choice is a function of demand and dealer behavior in all 50 states. Modeling this would be difficult
with data from one state and may add little value to the key insights of vertical relationships in
local markets.
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Osk(p(W, A), (a(W, A)) 0si, Opy s, Opy N 0s, Oaq s, Oap

A, LOp0As Ops0A T 91 0A,.  dap DA

Vv vV
effect through dealer prices effect through dealer ads

When the manufacturer changes its advertising, all dealers will respond with
changes in prices and advertising, which in turn changes equilibrium shares. The
sum of these effects is the total effect of a change in manufacturer advertising on

quantity demanded. Recovering W, is straightforward after solving for markup’s in

Bs >

equation (4.3.4) and recovering £%’s.

4.3.3 Manufacturer behavior across markets

In this appendix, I present the model of manufacturer price and advertising decisions
that includes the cross market restriction that wholesale prices are the same for each

dealer. Manufacturer m solves the following problem.

4

%%{Z[Hmt = M Z (sz _Cz]_)s;— Z Azt+ Z Ath]zt]

t=1 jej,,%{ ZEZmt 2EZmt

A single pricing first order condition for a manufacturer is,

4

SIS st Yy op Y PEW AL AW AL,

t=1 je. fE€Zm ke

where since W, is not market specific, the firm must consider how a change in whole-
sale price effects sales (and retailer behavior) in all markets.
Dealers in separate markets do not compete against each other, so the pass through

of wholesale price to retail decisions looks exactly like it does in the earlier section
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on dealer decisions. For a given market ¢, the effect of a change of wholesale price on

shares is

8sk Z sy, 8pj dsy, Oa,
apj GW aar ow,’

where R, is the set of dealers in market ¢.
The derivation of pass-through terms is also the same as earlier in the Chapter.
Again, this is because dealers do not compete with other dealers outside their market.

The vector valued equation that defines manufacturer markups is the following:

v
(W —C)=—1x (T« (Vivey) | "|)'s
vs

a

In the single market case, V} is a JyixZ matrix. Now, it is a JoZ matrix, where
J; is the number of products in market ¢, and J is the number of products across all
markets. The same applies for V?, which now includes an element for each dealer in all
markets. Also, §* is the same of market shares for each model: 5% = 37} 3" e Si-

The ownership matrix, 7™ is unchanged from previously.

The first order condition for manufacturer m advertising of model z is

&Sk W,A),a(W,A), A
Z[Z L —C.) (p( a)Az( ) )—1+\Ifzt]=0.

t=1 keJ

Even though car model level advertising decisions are market specific, the ad-
vertising decision is dependent across markets because wholesale price is not market
specific. Again, pass-through rates can be calculated as in the previous subsection

because dealers do not compete across markets.
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Chapter 5

Data and Descriptive analysis

5.1 Data

I combine data from three main sources: new car transactions and dealer information,
local market advertising expenditure data, and new car characteristics and wholesale

prices. I also use data from the Census to supplement the transaction data.

5.1.1 Transaction and car characteristics data

I obtain automobile sales data for the state of Virginia from the Virginia Department
of Motor Vehicles for January 1, 2007 to September 31, 2011. The data are at the
transaction level, and for each purchase I see the make/model of car bought, date of
transaction, price paid, identity of the selling dealer, (usually) the nine-digit zip code
of the buyer and county/town/city of the buyer.!

I define the product market for new cars by restricting the sample along a number

!The location of the buyer is where the car is to be garaged after purchase for local tax purposes.
About 3% of transactions are listed as out of state purchases.
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of dimensions. I limit my sample to cars, SUVs and vans.? I drop cars with a
manufacturer suggested retail price above $70,000. I also drop transactions with
recorded prices below half of the average price and above 150% of the average for
each model in each time period. I also drop very small dealers who sell less than 10
cars per brand each quarter on average and I also drop dealers not in one of the four
largest media markets in Virginia (as defined by Nielsen) in order to match dealers
with advertising data. The four markets are (in descending order of population)
Northern Virginia, Hampton Roads, Richmond, and Roanoke/Lynchburg. T display
the number of household in each media market in Tab