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1 Introduction

The last couple of decades have witnessed a surge in trademark activity� see Figure 1.1 There has also

been an acceleration in innovation during this period, as indicated by a rise in patenting.2 These trends are

closely related to underlying changes in the variety and quality of products available. By protecting brands

and products from infringement and imitation, trademarks are critical for the provision of product variety and

quality. Implications of trademarks for �rm dynamics and the aggregate economy, however, are relatively less

explored. In particular, the contribution of trademarks to quality dispersion, concentration, and welfare has

not been quanti�ed in a uni�ed framework. How do trademarks alter �rms�incentives to provide quality and

engage in marketing activites? How much value do trademarks add to �rms? To what extent do trademarks

matter for �rm dynamics, entry, exit, and concentration? What are the implications of trademark law on

quality provision and welfare? This paper provides answers in a general equilibrium framework. A model is

proposed to explore why �rms trademark, which ones do, and when they do so in their life-cycles. It is then

used to analyze the e¤ects of trademark protection on �rms and the economy. The model also highlights how

trademark protection, informational frictions between �rms and consumers, and the technology for generating

quality interact. The consequences of technological progress in the production of quality and reduction in the

informational barriers between �rms and consumers are studied.

The model builds on the basic insight by Landes and Posner (1987, 1988, 2003) that trademarks serve

two fundamental roles: (i) reduce informational frictions between consumers and �rms, making it easier for

�rms to attract consumers, and (ii) protect against the erosion of a �rm�s customer base through imitation

and infringement. These roles are incorporated in a framework where �rms gradually build a customer base

through costly dissemination of information to consumers about their products, similar to Dinlersoz and

Yorukoglu (2012). Consumer information and product quality are central to the model. Each �rm o¤ers a

product with a distinct quality level, where higher quality is more costly to produce. To generate sales, a

�rm has to engage in marketing activity to inform consumers about its product and quality. Without this

activity, consumers have no information about the �rm. There is otherwise no informational asymmetry

about product quality between �rms and consumers� consumers can tell a �rm�s product quality before they

consume it, as long as they are informed about the �rm and its product.

Firms can obtain trademarks at a cost. A trademark confers two bene�ts to �rms in the model. First, it

prevents the loss of a �rm�s customer base; unless a �rm has a trademark, other �rms can divert customers

from that �rm through imitation or infringement, leading to a decline in �rm value. By protecting a �rm�s

customer base, trademarks therefore encourage investment in quality and customer acquisition. Second, a

trademark helps a �rm acquire customers more easily through brand recognition or reputation: the trademark

distinguishes the �rm, reduces confusion among similar products, and generates reputation, all of which enable

the �rm to e¤ectively spread information about its product at a lower cost. In other words, trademarks

decrease the informational frictions between consumers and �rms. This mechanism is introduced by allowing

�rms with a trademark to have a more e¢ cient information dissemination and marketing technology� labelled

1See also Dinlersoz et al. (2018) and Graham et al. (2017) for trends in trademark activity.
2See, e.g., Kortum and Lerner (1998).
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as �advertising technology�. The protective role of trademarks encourages more advertising by �rms, as �rms

with a trademark do not have to fear customer diversion.

The model generates endogenous quality dispersion due to informational frictions, even when all �rms

have the same e¢ ciency in quality production. The model has predictions on which type of �rms trademark,

and when, as well as on �rm growth patterns and advertising activities before and after trademarking. The

model is calibrated to capture salient features of the U.S. economy and trademark registrations. Using the

calibrated model, some experiments are conducted, including a removal of trademark protection altogether, a

decline in the �rms�cost of informing consumers, and a lower cost of quality provision. The e¤ects on quality

dispersion, concentration, investment in brand protection and the intensity of advertising are studied. The

calibrated model also allows estimation of the added value from trademarks for each type of �rm.

Firm-level data on trademark registrations is used to test the predictions of the model and to estimate

the model�s key parameters. This paper is the �rst to analyze the incidence and timing of the �rst trademark

registration over the �rm life-cycle for all �rms (public and private) in the United States, and the relationship

between registrations and �rm outcomes. The data on �rms and trademark registrations come from the

trademark-�rm database constructed by Dinlersoz et al. (2018). The database contains information on

trademark registrations from the USPTO�s Trademark Case File Database (TCFD).3 Firm-level information is

incorporated from the U.S. Census Bureau�s Business Register (BR)� the administrative data for the universe

of non-farm businesses in the United States. The key variables are employment, payroll, and revenues,

as well as �rm location and industry classi�cation. The matched trademark-�rm database also includes

longitudinally-linked information from the BR, summarized in the U.S. Census Bureau�s Longitudinal Business

Database (LBD), which is used to track �rms over their life-cycles. The trademark-�rm database thus allows

study of key events in a �rm�s life-cycle: �rm birth and subsequent growth, �rst trademark registration, and

�rm death. In addition, this paper incorporates data on �rm advertising expenditures available from the

U.S. Census Bureau�s economic censuses and surveys. This data is used to analyze the connection between

marketing activities and trademarks� a key aspect of the model is the informational frictions between �rms

and consumers that can be reduced as a result of trademarks.

The rest of the paper proceeds as follows. Section 2 reviews the related literature. The model is introduced

in Section 3, followed by the de�nition of equilibrium in Section 4. Section 5 describes the data. The results

of the empirical analysis are presented in Section 6. Section 7 concludes.

2 Related Literature

2.1 Empirics

There is a growing empirical literature on �rms�incentives to trademark and the association between

trademarks and �rm outcomes. Prior empirical work using U.S. data has been mainly limited to publicly-

traded �rms, with some exceptions that utilize relatively small surveys of private �rms. Trademark-�rm

linked data for all �rms in the United States, especially small and medium sized ones, has not been available

3See Graham et al. (2016) for a detailed analysis of the TFCD alone.
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Figure 1: Trademark registrations

until recently. Dinlersoz et al. (2018) provide the �rst comprehensive link of the USPTO�s Trademark Case

File Database (TCFD) with the con�dential �rm-level data from the U.S. Census Bureau�s Business Register

(BR) and Longitudinal Business Database (LBD)� see Graham et al. (2016) for a comprehensive analysis of

the TFCD alone. The linked dataset, also used in this paper, allows observation of trademark activity over

the �rm life-cycle for the universe of employer businesses (both public and private) in the United States. This

paper is the �rst to utilize this dataset to study the role of trademarks in �rm dynamics and the aggregate

economy.

A large part of the empirical literature has developed around the data for other countries. Earlier re-

search with European and Australian data has documented a number of empirical regularities on trademark

activity. Schautshick and Greenhalgh�s (2013) survey reveals some key facts across countries and over time.

Notably, the surge in trademarks is not unique to United States. Similar rise in trademark applications have

been observed since the mid-1970s in Australia and the United Kingdom, pointing to common trends across

nations. At the country level, an increase in demand for product variety and quality appears to drive growth

in trademark applications. Trademark applications are also found to be related to measures of product di¤er-

entiation, quality and variety, as well as of marketing and innovation. Baroncelli, Fink, and Javorcik (2005)

�nd evidence that, across counties, higher development is associated with a dominance of domestic brands at

home and a stronger presence of these brands in foreign markets. Their analysis also suggests that trademark

registrations are concentrated in R&D- and advertising-intensive industries, and registration intensity is also

relatively high in business services� see also Millot (2011) for the case of Germany and France. For the United

States, Graham et al. (2016) also note that service marks �lings increased substantially in late 1990s, a likely
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consequence of the dot.com boom of that era.

Some of the prior work utilizes �rm-trademark matched datasets to examine the connection between �rm

characteristics and trademark �ling or registration activity. Greenhalgh, Longland, and Bosworth (2003)

�nd that trademark �ling intensity is higher for smaller �rms� within the set of large, publicly-traded �rms.

Greenhalgh and Rogers (2008) observe in the U.K. data that �rm size is highly correlated with trademark

registrations, and there are diminishing returns to �rm size in trademark activity. Jensen and Webster (2006)

also document a positive association between �rm size and trademark activity in the case of Australian �rms.

There is also some evidence that, overall, trademarks have a positive e¤ect on �rm value. In a study covering

several countries including the United States, Sandner and Block (2011) �nd that trademark registrations

are positively associated with �rm value, after controlling for patenting and R&D activity. Once again, this

evidence is based on publicly-traded �rms in the S&P�s Compustat database in the case of United States.

Another strand of the empirical literature focuses on �rm�s motivations to register trademarks. Sandner

(2009) provides a detailed investigation of trademark portfolios for large publicly-traded companies. His �nd-

ings indicate that trademark portfolios are put together with an intent to protect brands. Firms with product

introductions have to decide whether to extend their existing umbrella of trademarks to the new products,

or register new trademarks. Overall, trademark registrations appear to be associated with both the creation

of new brands and the expansion of existing brands to accommodate new products. Block, Fisch, Hahn, and

Sandner (2015) use survey data from small and medium trademark applicants in internet and technology sec-

tors and identify three distinct motivations for trademark registrations: protection, marketing, and exchange.

Their cluster analysis to classify �rms results in four types of �rms: trademark skeptics, marketing-focused

trademark users, marketing plus protection-focused trademark users, and trademark advocates. Based on

data from Belgium, Flikkema, De Man, and Castaldi (2014) �nd that 60% of registered trademarks are as-

sociated with product or service innovations. These �ndings suggest, while there is signi�cant heterogeneity

across �rms in the reasons behind trademark activity, product introduction, brand protection, and marketing

are key considerations in �rms, motivations to register trademarks.

Some recent work has also combined the USPTO trademark data with various other datasets in the U.S.

to study trademark activity by �rms. For instance, Aurora, Bei, and Cohen (2016) explore the incentives

to use and protect trademarks by bringing together new survey data from The Division of Innovative Labor

on �rms�new product development activities and industry-level data from the NETS database. They �nd

that trademarks help high quality �rms maintain their customer base. Furthermore, trademarks protect a

�rm�s �rst mover advantage. As a result, �rms that have face more competition are more likely to �le for

trademarks. These �ndings are consistent with the structure and implications of the model proposed here.

There is also a growing body of work on the economic e¤ects of trademark law in the United States. In

recent work, Heath and Mace (2017) use the introduction of the 2006 Federal Trademark Dilution Act (FTDA)

to argue that trademark registrations have economically signi�cant e¤ects for publicly-traded �rms. Their

analysis indicates that the FTDA raised treated �rms�operating margins and �rm values while inducing more

trademark lawsuits, lower entry, and higher concentration in industries where FTDA had a larger bite. In

addition, product quality and innovation declined for �rms that were granted stronger trademark protection.

Instead, such �rms used their protected brands to expand into new product markets. One notable shortcoming
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of the recent studies in the case of United States is that they do not provide a comprehensive analysis of

the e¤ects of trademark registration by all types of �rms (public and private), and they do not explore the

implications of trademarks on �rm dynamics and the aggregate economy in a general equilibrium context.

This paper �lls this gap by o¤ering both model-based and empirical analyses of trademark registrations.

2.2 Theory

The modeling approach in this paper is in�uenced by a number of key studies on �rm quality, reputation,

and trademarks. The model builds on the earlier insight by Landes and Posner (1987, 1988, 2003) that

trademarks reduce consumer search costs and protect against the erosion of a �rm�s customer base through

imitation and infringement. Economides (1988, 1998) also highlights the key functions of trademarks in

the economy by emphasizing their role in the e¢ cient provision of products with a wide range of variety

and quality. Nevertheless, these earlier studies do not fully embed the key roles of trademarks in a general

framework to analyze various aggregate implications of trademark law.

The process of gradual acquisition of a customer base in the model is related to recent work on the e¤ects

of customer acquisition processes on �rm and industry dynamics, and aggregate economy (see, e.g., Dinlersoz

and Yorukoglu (2012), Gourio and Rudanko (2014), Gilbukh and Roldan (2018)). The current paper di¤ers

in modeling the explicit role of trademarks in customer acquisition process. The analysis is also related to

the literature on �rm reputation (see e.g. Cabral (2005, 2012) and Cabral and Hortacsu (2012), and business

name choice to signal quality (see, e.g. McDevitt (2011, 2012)). Trademark registrations are a key ingredient

of �rm�s e¤orts to build a reputation among consumers.

The role of advertising technology in reducing informational frictions between consumers and �rms is

similar to that in Dinlersoz and Yorukoglu (2012).4 The model emphasizes the informative role of advertising,

similar to prior ground work, such as Butters (1977), Stegeman (1992), and Grossman and Shapiro ().

Recent models have also incorporated advertising technology in models of trade (Arkolakis (2010)) and

innovation (Cavenaile and Roldan (2018))� the latter embeds advertising�s �persuasive� role in inducing

perceived di¤erences in quality.

The model is also related to prior work on �rm product quality choice and its implications. There is a

very large body of work on �rm quality and price choice under imperfect consumer information about quality

or prices, and under di¤erent types of competitive environments.5 Some of this work also emphasizes the

quality-signaling role of prices. For simplicity, the current model abstracts from informational asymmetry

about product quality between �rms and consumers. Consumers can tell �rm�s product quality before they

consumer the product, once they become aware of the existence of the �rm and its product through �rms�

advertising. Similar to Dinlersoz and Yorukoglu (2012), the only informational friction in the market is that

not all consumers know about a �rm�s product and its quality unless they are informed by that �rm through

marketing activity. As a result, pricing by �rms is akin to monopolistic competition pricing, owing to the

4See also Dinlersoz and Yorukoglu (2008) for an analysis of informative advertising in a competitive industry where �rms

di¤er in production e¢ ciency.
5See, among many others, Chan and Leland (1982), Wolinsky (1983), Cooper and Ross (1984), Schwartz and Wilde (1985),

Rogerson (1988), Bagwell and Riordan (1991), and Daughety and Reinganum (2007,2008).
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fact that a consumer makes purchase decision based on the (known) qualities of the �rms he is informed

about. Consequently, �rms do not compete on prices directly, and there is no signaling role for prices. Price

dispersion in the model therefore re�ects the dispersion in the underlying quality di¤erences across �rms.

Quality dispersion itself stems from the consumers�lack of information on some �rms and their products.

3 The model

Consider an economy consisting of di¤erent industries (products) which are indexed over the unit interval,

[0; 1]. In each industry, there is a large number of �rms o¤ering the product at potentially di¤erent qualities

to a large number of consumers. The population of �rms and consumers are each represented by a continuum.

A �rm is small with respect to the rest of the industry. It has no in�uence on industry aggregates by itself

and takes them as given. Time is discrete, denoted by t � 1:
The industries and products are totally symmetric. In each industry, the product can be produced at

potentially di¤erent qualities by each �rm. After paying a �xed entry cost �, an entering �rm learns its

e¢ ciency level in product quality development, e. This e¢ ciency can be seen as a �rm�s capacity and ability

to generate high quality products. After realizing its e¢ ciency level, a �rm can decide to exit, at no cost,

without developing its product. If the �rm decides to stay, it makes an irreversible product quality decision

and incurs a product development cost. At the stage of product development, a higher product quality

requires a larger one-time investment by the �rm. After a �rm�s quality is set in its �rst period, it can not

be changed throughout the �rm�s life. Higher quality products also require more resources at the production

stage �the cost of such resources is incurred every period. The timing of events is given in the following

Figure 1.

Each period, the �rm, given the quality of its product, makes trademarking (if it is not already trade-

marked), marketing, pricing and employment decisions. The �rm decides about how aggressively it will

market its product in that period. Firms may target other �rms�products in order to divert (confuse) their

customers by making attributes of their product (name, appearance, marketing strategy other than its
quality) look similar to the targeted �rms�products. Through this diversion process �rms may divert a �
fraction of targeted �rms�customers. The only way an incumbent �rm can protect itself and its customers

from being targeted is to trademark its product.

Trademarking a product is costly. In order to trademark its product, a �rm has to incur a one-time �xed

cost of cT . Each period, if the �rm has not already trademarked its product, it decides whether to trademark

it or not in that period.

In accordance with their optimal marketing decisions, �rms then send out ads to consumers, who make

their purchase decisions. Advertising technology here is assumed to include all marketing activity that enable

informed consumers observe the �rm�s product quality perfectly.6

6Here for simplicity of the setup and notation, we assume that �rms do not list their prices on their ads. We can easily show

that even if �rms included prices in their ads, in equilibrium, qualitative results wouldn�t change, especially, �rms would still

follow a constant markup pricing policy. Since consumers anticipate that, if a as soon as a consumer observes a �rm�s quality,

he/she can easily deduce the price he will face.
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Figure 2: Timing of events

Firms and consumers have the same discount rate � 2 (0; 1): Besides the possibility of endogenous exit, a
constant fraction of the incumbent �rms exit the industry exogenously every period. In the meantime, some

consumers exit the market, while new ones enter at an exogenous rate �.

3.1 Consumers

There is a unit mass of agents which recieve utility from consuming di¤erent variety of goods available

at that point indexed between [0; 1]. Each agent has one unit of labor which is exogenously supplied in the

labor market. For each variety of goods, each period a fraction � 2 (0; 1) of the agents is replaced by new
ones, agents start to and stop demanding each variety constantly, implying an expected demand cycle of 1=�

periods. The per period utility of agents is given by

U =

Z 1

0

u(qi; xi)di

where u(qi; xi) is the utility the agent receives from consuming xi amount of the ith good of quality level qi:

Here @u(q;x)
@q

; @u(q;x)
@x

> 0; @
2u(q;x)
@q2

; @
2u(q;x)
@x2

< 0; lim
xi!0

@u(q;x)
@x

=1, and u(q; 0) = 0. (We can use u(q; x) = Bq�x1��;

1 � { > 0:) The consumer likes higher quality but in a marginally diminishing manner.

3.1.1 Consumer information and memory

The information and memory setup of the model closely follows Dinlersoz and Yorukoglu (2012). For

each variety, consumers receive ads randomly and independently. Within a period, no consumer receives more

7



than one ad from a �rm, each ad is received by some consumer, and each consumer is equally likely to receive

an ad. These assumptions are compatible with the fact that there is a very large number of consumers.

Denote by �t(i) the probability that a consumer receives i � 0 integer ads related to a variety in period t.
Let It = fI itg

1
0 be the information �ow to a consumer during period t: I

i
t contains information for the

�rms from which the consumer received an ad in period t on variety i; and for those �rms visited in the past

that provide the consumer with period t information about themselves. I it is either empty (?), implying no
new information, or consists of K integer elements. Each element is a vector of variables that describe the

corresponding �rm�s attributes that help a consumer identify a �rm and evaluate the surplus from patronizing

it.

Because consumers can survive multiple periods, how a consumer stores and discards past information

needs to be speci�ed. There are several ways to specify consumer memory. At one extreme, a consumer recalls

all past information (total recall). At the other extreme, a consumer forgets the past (no recall). Let Mt be

a consumer�s memory. No recall corresponds to Mt = ?; and total recall to M�
t =

St�1
j=t�� It; where � � 1 is

consumer age. Any arbitrary memory process can be represented as a subset of M�
t : For instance, one can

de�ne a � -period memory,M�
t =

St�1
j=t�� fI itgj ; as one that contains all the past information �ow from period

t� � upto period t� 1; where � 2 f1; :::; �g. Another example is a memory that contains only the �rms from
which a purchase was made, or the largest of such �rms. A consumer�s cumulative information in period t;

It; is the collection of his memory and current information �ow, i.e. It = Mt [ fI itg for � 2 f0; 1; :::; �g: A
consumer makes his purchase decision based on It:

Our baseline assumption about consumer information is a speci�c, but intuitive one: consumers do not

recall any past ads or �rms, except that if a consumer purchased from a �rm in the previous period and

that �rm did not exit, the consumer possesses the current period payo¤-relevant information about that �rm.

The baseline corresponds to a no recall memory (Mt = ?) and to an information �ow It that contains the

information in the new ads received plus the period-t information about the most-recently-visited �rm (if

any). The baseline cumulative information process is therefore It = ? [ fI itg = fI itg :
To motivate the baseline, one might argue that a consumer becomes more familiar with the �rm he

purchased from in the previous period, compared to the �rms he received an ad from, but chose not to visit.

The most-recently-visited �rm is also likely the freshest �rm in consumer memory. The consumer may receive

the current payo¤-relevant information about this �rm through means other than just random ads. Lists of

previous customers are frequently used by �rms to update their former customers directly. Current catalogs

or coupons may be sent directly to previous customers�addresses. The cost of advertising de�ned below can

include the cost of sending such updates to consumers who purchased from the �rm in the previous period.

The assumed information structure generates some persistence in a �rm�s customer base.

Next, consider the contents of It: A �rm�s product quality matters for consumer surplus and is a part of

each element in It. In a dynamic environment where consumers can purchase from a �rm for consecutive

periods, other �rm attributes that matter for �rm survival are also pay-o¤relevant. Assumptions on consumer

memory and information imply that the �rm visited by a consumer in period t will be in It+1, unless that

�rm exits. To simplify, we assume that a �rm�s size is revealed in an ad. In practice, a �rm may include

proxies for its size in an ad. Firm size may also become common knowledge over time, especially for �rms
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that grow beyond a certain size.

3.1.2 Household�s problem

Households have one unit of time endowment per period which they inelastically supply in the labor market.

They start period t with some assets at; and memory of �rm-information Mt from last period. For each

variety, they receive ads from �rms and given their memory from last period combine them to form their

information set for the current period, It. If I it = ?; the consumer does not purchase variety i in period t:
Otherwise, the consumer purchases from the �rm in his information set, I it ; that provides the highest net

surplus.

Let the optimal lifetime discounted utility of a household which starts the period with �rm-information

memoryMt and assets at be U(at;Mt). The economic problem of the household reads,

U(at;Mt) = max
at+1

8>>>>>>>>>>>>><>>>>>>>>>>>>>:

max
fxij;tgij2It

8><>:
Z 1

0

u(qij(i);t; xij(i);t)di

s:t: j(i) = argmaxj

n
W

�ij
t (qij;mij)

o
j2(M i

tUI
i
t)

9>=>;| {z }
�rst stage

subject to
Z 1

0

nX
j
pij;txij;t

o
di = wt + at(1 + rt)� at+1;

xij;t � 0 for all i; j; at+1 given.

+ �U(at+1;Mt+1)

9>>>>>>>>>>>>>=>>>>>>>>>>>>>;| {z }
second stage

s.t. Z 1

0

nX
j
pij;txij;t

o
di+ at+1 = wt + at(1 + rt) for all t:

M i
t+1 = information

�
argmax

j

n
W

�ij
t (qij;mij)

o
j2(M i

tUI
i
t)

�
Here xij;t denotes consumption of jth product of ith variety at time t. Each period, the households�utility

maximization problem has two stages. In the �rst stage, given total expenditure,
Z 1

0

nX
j
pij;txij;t

o
di;

for each variety the household chooses the product with maximum net surplus among all the products in

his information set and determines optimal amount of consumption of that product given its price. In the

second stage, the household picks the optimal amount of total expenditure (or given the budget constraint,

equivalently, asset level, at+1) to be allocated to current period given the stream of interest rates and future

income. Notice that givenW �ij
t (qij;mij) the �rst stage of the household�s problem is a static problem whereas

the second stage is a dynamic one, although W �ij
t (qij;mij) has a rich dynamic problem in itself which will

be discussed later. Dividing the household�s problem into two stages simpli�es the analysis of the household

problem signi�cantly. Clearly the state variables of the household�s optimization problem at time t is (at;Mt),

asset level of the household and the information the hosehold carries to next period. The information set

available to the household at time t consists of the memory of past �rmsMt that the agent carries over from

last period and the new information he receives from �rms for each variety in the current period, It. The
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memory of the household will carry to next period, Mt+1, consists of the information for all the �rms that

the agent purchased products in the current period.

If Ijt = ?; the consumer does not purchase variety j in period t: Otherwise, the consumer purchases from
the �rm in his information set, Ijt ; that provides the highest net surplus. Because a consumer can purchase

from the most-recently-visited �rm, consumers are heterogeneous with respect to their reservation values,

which change over time randomly as new information is received.

Let W T
t (q;m) denote the discounted expected surplus from a trademark �rm with product quality q,

and that had m � 0 customers at the end of the period t � 1: Similarly, let WN
t (q;m) represent discounted

expected surplus from a non-trademark �rm. We refer to m as the �size� of the �rm at the beginning of

period t: Let � be the exogenous exit probability of a �rm. Also, let W?
t be the discounted expected surplus

of a consumer with no �rm related information, i.e., with Ijt = ?.
The discounted expected utility from being a customer of a trademark �rm with quality level q and current

period initial size m will read

W T
t (q;m) = max

x
[u(q; x)� px] + �(1� �) (1)8><>:

�t+1(0)
�
E
�
XT (q;m0)

�
W T
t+1(q;m

0) + (1� E
�
XT (q;m0)

�
)W?

t+1

�
P1

i=1 �t+1(i)

"
E
�
XT (q;m0)

� R
maxfW;W T

t+1(q;m
0)gdZ it+1(W )

+(1� E
�
XT (q;m0)

�
)
R
WdZit+1(W )

# 9>=>; :

In (1), Zit is the period-t cumulative distribution function of the �rst-order statistic of net consumer

surplus among i > 0 ads received by the consumer. Because ads from di¤erent �rms arrive independently,

one can write Zit(W ) = [Zt(W )]
i ; where Zt(W ) is the probability that an ad is from a �rm that o¤ers a

surplus of at most W . The expectations in (1) are taken with respect to all feasible next period m0 for the

�rm conditional on survival in period t+ 1: Here, XT (q;m0) denotes stay-exit decision; if the �rm decides to

stay XT (q;m0) = 1; otherwise XT (q;m0) = 0.

The �rst term on the right hand side of (1) is the current optimal net surplus from consuming the product.

Given the price of the �rm, p = p(T; q;m), the agent chooses the optimal amount of consumption. The second

term is the expected discounted future surplus if no ad is received next period. It has two components: the

future surplus if the consumer�s current �rm stays in the market, and the future surplus if that �rm exits,

leaving the consumer with a surplus of

W?
t+1 = �(1� �)

(
�t+2(0)W

?
t+2 +

1X
i=1

�t+2(i)

Z
WdZit+2(W )

)
: (2)

In this case, the utility in the period t+1 is zero, and the following period�s surplus depends on the number of

ads received. If no ad is received, the surplus isW?
t+2, otherwise the consumer chooses the �rm that yields the

highest surplus. The third and fourth terms in (1) together give the expected future surplus from receiving

one or more ads. The third term applies when the consumer�s current �rm stays in the market. In this case,

Ijt+1 has i+ 1 elements corresponding to i new ads and the new information about the most recently visited

�rm. Similarly, the fourth term represents the case where the current �rm exits and the consumer has i new

ads.
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Similarly the discounted expected surplus from being a customer of a non-trademark �rm with quality

level q and size m will read

WN
t (q;m) (3)

= max
x
[u(q; x)� px] + �(1� �) (4)(

�t+1(0)

 
E
�
XN(q;m0)

�
[(1� �(q)) + �(q)(1� �)]WN

t+1(q;m
0)

+E
�
XN(q;m0)

�
�(q)�W o

t+1 + (1� E [X(q;m0)])W?
t+1

!

+

1X
i=1

�t+1(i)

 
E
�
XN(q;m0)

� �
[(1� �(q)) + �(q)(1� �)]E

�R
maxfW;WN

t+1(q;m
0)gdZ it+1(W )

��
+E

�
XN(q;m0)

� �
�(q)�W o

t+1(q;m
0)
�
+ (1� E

�
XN(q;m0)

�
)
R
WdZit+1(W )

!)
;(5)

where p = p(T; q;m) is the price that the �rm charges, and W o
t+1 denotes the total discounted expected

consumer surplus from an average diverting �rm. Also here,

E
�
WN
t+1(q;m

0)
�
= I(q;m0)E

�
W T
t+1(q;m

0)
�
+ (1� I(q;m0))E

�
WN
t+1(q;m

0)
�
;

where I(q;m0) is an indicator function which is one if a �rm with the state (q;m0) chooses to trademark next

period and zero otherwise.

Note that only non-tademark �rms can divert customers among themselves. If all non-trademark �rms

have equal probability of diverting a customer from a type (q;m) �rm then expected consumer surplus from

being diverted will be,

E
�
W o
t+1(q;m

0)
�
=

Z
q

WN
t+1(q;m)�

N(q;m)d(N; q;m): (6)

However, the assumption of equal probability of divertion of customers implies an important irrationality on

the part of the consumers. Especially, why would a consumer be diluted by a lower surplus �rm given that

consumers have information on type of the �rms, (q;m): Therefore, here, we will assume that only similar

type �rms can divert customers from each other. In this case the expected surplus of a customer diverted

from a type (q;m) will be (q;m) again, therefore,

E
�
W o
t+1(q;m

0)
�
= E

�
WN
t+1(q;m

0)
�
:

This assumption not only better maintains rationality on the part of consumers but also simpli�es the con-

sumer problem signi�cantly. With this assumption consumer problem becomes

WN
t (q;m) (7)

= max
x
[u(q; x)� px] + �(1� �) (8)�

�t+1(0)
�
E
�
XN(q;m0)

�
WN
t+1(q;m

0) + (1� E [X(q;m0)])W?
t+1

�
+

1X
i=1

�t+1(i)

 
E
�
XN(q;m0)

�
E
�R
maxfW;WN

t+1(q;m
0)gdZ it+1(W )

�
+(1� E

�
XN(q;m0)

�
)
R
WdZit+1(W )

!)
; (9)

It is clear that W T
t (q;m);W

N
t (q;m) � W?

t > 0; i.e. being informed of some �rm brings at least as much

surplus as having no information.

11



The consumer chooses the �rm in Ijt that yields the highest expected surplus

W t(I
j
t) =

8<: max
k=1;:::;Kj

W �k
t (qk;mk);

W?
t ;

if
��Ijt �� = Kj � 1;
if Ijt = ?:

(10)

where �k = fT;Ng if the kth �rm is a trademark or a non-trademark �rm, respectively.

It is important to emphasize that �rm size matters for consumer surplus only through the probability of

exit and expected time it will take to trademark for a non-trademark �rm which may trademark in the future,

which a¤ects consumer�s continuation surplus in (1). In other words, �rm size will not matter for consumer

surplus for a trademark �rm.

Consider now the probability that a consumer purchases from �rm (�; q;m); conditional on having in-

formation about the �rm. Each such consumer can be of two types: one who patronized the �rm in the

previous period, and the other who did not. Let the probability of purchase for these two types of consumers

be z�t (q;m) and !
�
t (q;m), respectively. Because the latter type may have purchased from a �rm that provides

higher surplus than �rm (�; q;m); z�t (q;m) weakly exceeds !
�
t (q;m): In other words, �rm (�; q;m) faces more

demand from a previous-period customer than a consumer it reaches through current period advertising.

The function z�t (q;m) can be more explicitly written as

z�t (q;m) =
1X
i=0

�t(i)Z
i
t(W

�
t (q;m)); (11)

where the ith term is the probability of sale to a consumer who has received i ads from �rms other than �rm

(�; q;m). Furthermore,

!�t (q;m) = [�t + (1� �t) 
�
t (q;m)]z

�
t (q;m): (12)

where �t is the measure of consumers with no information from any other �rms, and  
�
t (q;m) is the probability

that the �rm a consumer purchased from in period t� 1 provides more surplus than �rm (�; q;m):

Lemma 1 z�t (q;m) � !�t (q;m):

Proof of Lemma 1. The demand zt is de�ned by (11), and the demand of a consumer who did not

purchase from �rm (q;mo) in period t� 1 is

!t(q;m
o) =

1X
i=0


t(i) eGit(Wt(q;m
o)); (13)

where 
t(i) is the measure of consumers informed of i � 0 �rms in addition to �rm (q;mo), and eGit is the
probability that the consumer chooses �rm (q;mo): Let �t < 1 denote the measure of consumers who purchased

in period t � 1 from a �rm that exited at the beginning of period t: Let �t = � + (1 � �)�t < 1 be the sum

of the mass of new consumers and the mass of surviving consumers whose �rms exited at the beginning of

period t. Label all of these consumers as �unattached�, since they have no information before they receive any

12



ads. Label the rest of the consumers as �attached�, as they are informed of their most-recently-visited �rms

before they receive any ads. Then,


t(i) =

(
�t	t(0)

�t	t(i) + (1� �t)	t(i� 1)
for i = 0;

for i > 0:
(14)

In (14), the term �t	t(0) gives the mass of unattached consumers who receive zero ads. The term for i > 0 is

the mass of unattached consumers who receive i ads, plus the mass of attached consumers who receive (i� 1)
ads. Next, let �t � �t(q;m

o) be the probability that a consumer prefers �rm (q;mo) to the �rm he purchased

from in period t� 1. Note that G0t = eG0t = 1: For i � 1; (14) implies
eGit = ��t	t(i)
t(i)

�
Git +

�
(1� �t)	t(i� 1)


t(i)

�
Gi�1t �t; (15)

where the �rst term in parentheses is the probability that a consumer is unattached and has i new ads

conditional on having information about i other �rms, and the second term in parentheses is the probability

that a consumer is attached and has i � 1 new ads conditional on having information about i other �rms.
Using (13) and (15), one can then write

!t(q;m
o) = �t

1X
i=0

	t(i)G
i
t + (1� �t)

1X
i=1

	t(i� 1)Gi�1t �t = [�t + (1� �t)�t]zt(q;m
o): (16)

Because �t � 1 and �t < 1; it follows that !t(q;mo) � zt(q;m
o): Next, for �t(q;mo) < 1; using (16) and

di¤erentiating with respect to price and rearranging yields

"!t(q;m
o) =

(1� �t)�t(q;m
o)

[�t + (1� �t)�t(q;mo)]
"�t(q;m

o) + "zt(q;m
o);

which implies "!t(q;m
o) > "zt(q;m

o) because "�t(q;m
o) > 0 and (1 � �t)�t(q;m

o) > 0: For �t(q;mo) = 1;

"!t(q;m
o) = "zt(q;m

o): Consequently, "!t(q;m
o) � "zt(q;m

o):

It is clear that consumers always prefer to be a customer of any �rm compared to not consuming that

variety at a given point in time.

Lemma 2 W �
t (q;m) > W?

t+1 for � = fT;Ng :

It can also be shown that consumers prefer to be a customer of a trademark �rm keeping the quality

and size of the �rm �xed. There are two extra bene�ts of being a customer of a trademark �rm. First,

the exit probability of a trademark �rm is lower; second, the probability of being targeted for a trademark

�rm is zero. However, note that in terms of customer preference there is no clear comparison between an

untargeted-non-trademark �rm and a targetted-non-trademark �rm. For instance it may be preferable for a

customer to be diverted from a low q and m non-trademark �rm by a higher quality non-trademark �rm.

Lemma 3 W T
t (q;m) > WN

t (q;m):

Lemma 4 zTt (q;m) � zNt (q;m) , and !
T
t (q;m) � !Nt (q;m):
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Since trademark �rms do not endogenously exit (in stationary equilibrium, in other words, XT (q;m) > 1);

for customers, �rm size does not matter if the �rm is a trademark �rm.

Lemma 5 Let m1;m2 > 0 and m1 6= m2; W
T
t (q;m1) = W T

t (q;m2); z
T
t (q;m1) = zTt (q;m2) and !Tt (q;m1) =

!Tt (q;m2):

Therefore, the probability that a consumer purchases from a �rm of type (�; q;m); does not depend on

the size of the �rm if the �rm is a trademark �rm. However consumers strictly prefer larger ones among

non-trademark �rms.

Lemma 6 Let m1;m2 > 0 and m1 > m2; W
N
t (q;m1) > WN

t (q;m2):

Hence the probability that a consumer purchases from a �rm of type (�; q;m) strictly increases in the size

of the �rm, if the �rm is a non-trademark �rm.

3.2 Firms

Firms pay a one-time �xed cost of � > 0 upon entry. After paying the �xed entry cost, an entering �rm

learns its e¢ ciency level, e, in product development. Product development e¢ ciency, e; follows c:d:f: H(e)

with density function h(e). Realizing its e¢ ciency level, the �rm can decide to exit without developing its

product and without incurring any further costs. If it decides to stay, it makes an irreversible product quality

decision and incurs a product development cost tied to its quality. At the stage of product development, a

higher product quality requires a larger one-time investment by the �rm. After a �rm�s quality is set in its

�rst period, it can not be changed throughout the �rm�s life. Higher product quality involves higher cost. Let

C(e; q) be the cost function associated with developing a product of quality q for a �rm with quality e¢ ciency

e, with @C(e;q)
@q

> 0; @
2C(e;q)
@q2

> 0; and @C(e;q)
@e

< 0. (We can assume C(e; q) = c
�
q
e

��
with c > 0; and � > 1:)

Production technology of the �rms is given by F (n) = An; A > 0.

3.2.1 Information technology

Firms disseminate information using a common advertising technology, �� for � = fT;Ng. Here ��(a) is the
total cost of reaching to and informing a 2 [0;1) customers through advertising.

Assumption 1 (i) �� is twice di¤erentiable and ��0 > 0 and ��00 > 0 on (0;1); (ii) ��(0) = 0; and (iii)
lim
a!0

��0(a) = 0.

Assumption 2 �N(a) > �T (a) for all a.

Assumption 1(i) captures the basic empirical regularity of diminishing returns to advertising, as docu-

mented in Sutton (1991). From an individual �rm�s perspective, there is a very large pool of consumers and

each ad reaches a distinct consumer. If the advertising technology exhibits constant or increasing returns to

scale, some �rms can reach an arbitrarily large number of consumers and grow without bound. Convexity in
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advertising cost prevents such an outcome. As Grossman and Shapiro (1984) point out, increasing marginal

cost of advertising can stem from media saturation, overlapping media, or the existence of di¤erent predispo-

sitions to view ads in the consumer population. As the amount of ads sent increases, it becomes increasingly

costly for the �rm to �nd an additional consumer who has not yet received an ad. In other words, deeper

penetration to consumer population requires increasingly higher marginal cost of marketing.

Assumptions 1(ii) and 1(iii) are made for simplicity and ensure that all surviving �rms advertise, preventing

the possibility that a �rm coasts for a while without advertising. A positive �xed cost of advertising or a

positive marginal cost around zero can lead to no advertising for some �rms in a period.

One bene�t of trademarking a product is that �rms can reach to new customers more easily if the product

is trademarked. This is stated in Assumption 2. Here, we can further specify the relative productivity of

information technology as �T (a) = {�N(a); with 0 < { < 1.

3.2.2 A �rm�s dynamic problem

Let (�; q;m) be a �rm�s type. The period pro�t of a type (�; q;m) �rm with period starting size m; product

quality q, if it charges price p and sends a ads, is

�Tt (p; n; a; q;m) = pDT (p; a; q;mT )� wtn� �T (a)� '(q)� f; (17)

and

�Nt (p; n; a; q;m) = pDN(p; a; q;mN)� wtn� �N(a)� f; (18)

subject to D�(p; a; q;m�) = F (q; n), where D�(p; a; q;m�) = m�(a; q;m)x�(p; q). An individual customer�s

demand for the product with quality q and price p is given by x�(p; q). Per period �xed cost of operating the

�rm is given by f and wt denotes the wage rate. Trademark �rms incur costs to maintain their trademarks

'(mT
t ); which includes the legal litigation costs. This cost is assumed to be a function of the quality of the

�rm�s product q, and '(q) � 0; '0(q) > 0; and '00(q) < 0. Here, m�
t is the �rm�s end-of-period number of

customers given by

mT (a; q;m) = m(1� �)zT (q;m) + a!T (q;m); (19)

A trademark �rm that starts the period with m customers will loose � fraction of those customers due to

exogeneous customer turnover. The �rst term in (19) gives the number of loyal customers the �rm will carry

to current period and the second term gives the number of new customers the �rm gains this period through

current marketing activity. Similarly, current amount of customers of an untargeted nontrademark �rm, a

targeted nontrademark �rm, and a �rm which currently receives a trademark will respectively read

mNU(a; q;m) = m(1� �)zNU(q;m) + a!NU(q;m) + d(q);

mNT (a; q;m) =
�
m(1� �)zNT (q;m) + a!NT (q;m)

�
(1� �); (20)

and

mTR(a; q;m) =
�
m(1� �)zTR(q;m) + a!TR(q;m)

�
(1� ��)
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where d is the amount of customers diverted from non-trademark �rms under attack. The law of motion

(19,??,and 20) can also be viewed as capital accumulation subject to stochastic depreciation and investment.
In this interpretation, m is the �rm�s capital stock at the beginning of period t. During period t; for a

trademark �rm, a fraction � + (1 � �)(1 � zT (q;m)) of this stock depreciates, where � is the industry-wide

depreciation rate common to all �rms and (1 � z�(q;m)) is the �rm-speci�c depreciation rate. A fraction

!T (q;m) of investment a turns into new capital, where !T (q;m) is the �rm-speci�c investment success rate.

For a targeted non-trademark �rm depreciation of the stock amounts to � + (1 � �)(1 � �)(1 � zNT (q;m)).

Notice that for a targeted nontrademark �rm which gets a trademark in the current period the endogeneous

depreciation is �+ (1� �)(1� ��)(1� zNT (q;m)): The total cost of investment is ��(a):

It can be veri�ed that �t is strictly increasing in q and m; strictly concave in a and p:

A non-trademark incumbent �rm�s being targeted or not by other �rms follows an iid process with prob-

ability of being targeted is given by �(q): Here, assume that �(q) > 0; �0(q) > 0; and �00(q) < 0:

At the beginning of a period, a type (T; q;m) �rm has the value

V T
t (q;m) = max

2664 0|{z}
exit

;max
p;n;a

h
�Tt (p; a; n; q;m) + �(1� �)V T

t+1(q;m
0
)
i

| {z }
stay

3775 : (21)

where m0 = m(1 � �)zT (q;m) + a!T (q;m). Here, �rst, the �rm decides whether to stay in industry or not.

If it decides to exit at this point, it does not incur the �xed operation cost f and its value is zero. If it stays,

it has to make optimal marketing (a); employment (n), and pricing (p) decisions. Although this �rm has

already decided to stay, it may not be around next period with probability � due to exogenous reasons out

of its control. Similarly, a nontrademark �rm of type (q;m) has the following optimization problem

(22)

V N
t (q;m) = max

8<:0;maxa
8<:�(q)max

8<: max
p;n

�
�cT +�Nt (p; n; a; q;mTR) + �(1� �)V T

t+1(q;m
TR)
�
;

max
p;n

�
�Nt (p; n; a; q;m

NT ) + �(1� �)V N
t+1(q;m

NT )
�
;

9=; ;(23)

+(1� �(q))max

8<: max
p;n

�
�cT +�Nt (p; n; a; q;mNU) + �(1� �)V T

t+1(q;m
NU)

�
;

max
p;n

�
�Nt (p; n; a; q;m

NU) + �(1� �)V N
t+1(q;m

NU)
�
;

9=;
9=;
9=; (24)

wheremTR(a; q;m) =
�
m(1� �)zTR(q;m) + a!TR(q;m)

�
(1���),mNT (a; q;m) =

�
m(1� �)zNT (q;m) + a!NT (q;m)

�
(1�

�), and mNU(a; q;m) = m(1 � �)zNU(q;m) + a!NU(q;m) + d(q): In (22, the �rst term with the brackets is

the value if the �rm is targeted in the current period which will happen with probability �(q). Similarly the

second term with the brackets gives the �rms value if it not targeted in current period. Whether it is currently

targeted or not the �rm will make its optimal stay-exit decision. If it stays, it has another important decision,

it will decide whether it should trademark its product or not. The one-time-�xed cost of trademarking is de-

noted by cT : If the �rm decides to trademark its product, it continues as a trademark �rm throughout its life

without facing any problem of being targeted by other �rms as long as it incurs the trademark maintanence

cost. However if the �rm decides to stay as a non-trademark �rm, next period with probability �(q), the �rm

will be targeted and it will loose � fraction of its existing customers.
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Entry Entry is unrestricted. Each period a mass of M � 0 of new �rms enter the industry. After paying a
�xed entry cost an entering �rm makes an irreversible product quality decision. After a �rm�s quality is set

in its �rst period, it can not be changed throughout the �rm�s life. A higher product quality has two types

of costs associated with it. First, it requires a larger one-time investment by the �rm by incurring the cost

C(e; q): Second, higher quality requires a higher variable cost of production which is incurred every period and

incorporated in F (q; n). An entrant starts o¤ with zero customers but through customer diversion it steals

customers from non-trademark incumbent �rms. Let d denote the amount of customers that an entering �rm

steals from non-trademark incumbents in this way.

The optimal product quality decision of an entering �rm with product development e¢ ciency e will read,

q�(e) = argmax
q

�
V N(q; d(q))� C(e; q)

�
:

It is clear that an entering �rm with e¢ ciency level e will exit without incurring any product development

cost if
�
V N(q�(e); d(q))� C(e; q�(e))

�
< 0.

Free entry implies Z
max

�
0;
�
V N(q�(e); d(q))� C(e; q�(e))

�	
h(e)de � �; (25)

which holds with equality when Mt > 0.

The state of the industry in period t can be described by a measure �t over the set of �rm types (�; q;m).

For any Borel set G � fT;Ng �R+ � [q;1); �t(G) gives the mass of �rms with types in G: Given an initial
measure of �rms �o; �t results from entry, exit and changes in incumbents�sizes up to time t.

A consumer�s demand function can now be related to the measure of �rms. Let Bt(�; q;m) denote the

set of �rm types that provide a consumer a surplus of at most W �
t (q;m). The probability that an ad comes

from some �rm with type in Bt(�; q;m) is

Qt(�; q;m;�t) =
1

Rt

0B@ Z
Bt(�;q;m)

at(�; q;m)d�t(�; q;m)

1CA ; (26)

where at(�; q;m) is the number of ads sent by a type (�; q;m) �rm, and

Rt =

Z
(�;q;m)

at(�; q;m)d�t(�; q;m)

is the total number of ads in the economy. By noting that Qt(�; q;m;�t) � Zt(W
�
t (q;m;�t)); the individual

demand function in (11 and 12) can be expressed in terms of the measure of �rms �t as z
�
t (q;m;�t) =P1

i=0 �t(i)Q
i
t(q;m;�t): Similarly, !

�
t (q;m) can also be related to �t using (12).

Let T (�; q;m) denote the optimal end of period trademark status of a �rm which starts the period with

state (�; q;m): Here, T (�; q;m) is equal to T if the �rm would have a trademark at the end of the period and

� otherwise. T (�; q;m) provides the evolution of trademark status of �rms. Clearly T (T; q;m) = T .

Consider a �rm of type (NU; q;m); T (NU; q;m) = T , if

�cT +max
p;n

�
�NUt (p; n; q;mNU) + �(1� �)V T

t+1(q;m
NU)

�
� max

p;n

�
�NUt (p; n; q;mNU) + �(1� �)V N

t+1(q;m
NU)

�
;
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and T (NU; q;m) = N; otherwise. Similarly, a �rm of type (NT; q;m); T (NT; q;m) = T , if

�cT +max
p;n

�
�TRt (p; n; q;mTR) + �(1� �)V T

t+1(q;m
TR)
�

� max
p;n;a

�
�NTt (p; n; q;mNT ) + �(1� �)V N

t+1(q;m
NT )
�
;

and T (NT; q;m) = N; otherwise.

4 Stationary equilibrium

Let (*) identify variables and functions in equilibrium.

De�nition 1 (Stationary equilibrium) A stationary equilibrium consists of product quality, employment,
pricing, advertising, trademarking, and stay-exit policies pf ; q�(e); n�(�; q;m); p�(�; q;m); a�(�; q;m); T �(�; q;m);

and X�(�; q;m), a cumulative distribution of consumer surplus across ads Z�(W ); a measure �� over �rm

types, and an entry mass M� � 0; such that, in any given period of time,
(i) Firms maximize their pro�ts by adopting policies q�(e); n�(�; q;m); p�(�; q;m); a�(�; q;m); T �(�; q;m);

and X�(�; q;m),

(ii) Consumers maximize their surplus,

(iii) M�satisfy the respective free entry condition (25),

(iv) Z� is consistent with quality, pricing, and advertising policies,

(v) �� is consistent with conditions (i) through (v).7

In the case of free advertising, i.e. �(a) = 0 for a � 0; every consumer has information about all �rms.
If there is a positive measure of �rms, competition implies that �rms o¤ering the highest surplus make zero

pro�t gross of the �xed cost, while all other �rms make no sales. A �rm�s value gross of �xed cost is therefore

zero. This polar case is ruled out by Assumption 1. The rest of the analysis focuses on equilibria with non-

zero advertising cost where a positive mass of �rms in the industry compete with each other. It can easily be

shown that in stationary equilibrium there will be positive advertising. Now, we characterize the stationary

equilibrium. Let z��(q;m) and !��(q;m) be the individual demand functions in equilibrium. The evolution

of a �rm�s customer base is given by

mT�(q;m) = m(1� �)zT�(q;m) + a�(T; q;m)!T�(q;m); (27)

and

mTR�(a; q;m) =
�
m(1� �)zTR�(q;m) + a�(TR; q;m)!TR�(q;m)

�
(1� ��)

mNU�(q;m) = m(1� �)zNU�(q;m) + a�(NU; q;m)!NU�(q;m) + d�(q); (28)

mNT�(q;m) =
�
m(1� �)zNT�(q;m) + a�(NT; q;m)!NT�(q;m)

�
(1� �); (29)

7In other words, starting with the measure �� at the beginning of a period, �rms�pricing and advertising policies, consumers�

purchase decisions, entry, exit and changes in surviving �rms�types together result in the same measure �� at the end of the

period.
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A �rm�s pro�t ���(q;m) is given by

�T�(q;m) = p�(T; q;m)DT�(q;mT )� wn�(T; q;m)� �T (a�(T; q;m))� '(mT )� f; (30)

and

�N�(q;m) = p�(N; q;m)DN�(q;mN)� wn�(N; q;m)� �N(a�(N; q;m))� f; (31)

subject to D��(q;m) = F (q; n�(�; q;m)), where D��(q;m) = m��(q;m)x�(p�(�; q;m); q).

A �rm�s value V ��(q;m) is

V T�(q;m) = max
�
0;�T�(q;mT�(q;m)) + �(1� �)V T�(q;mT�(q;m))

	
: (32)

(33)

V N�
t (q;m) = max

8<:0;maxa
8<:�(q)max

8<: max
p;n

�
�cT +�N�t (p; n; a; q;mTR) + �(1� �)V T�

t+1(q;m
TR)
�
;

max
p;n

�
�N�t (p; n; a; q;m

NT ) + �(1� �)V N�
t+1(q;m

NT )
�
;

9=; ;(34)

+(1� �(q))max

8<: max
p;n

�
�cT +�N�t (p; n; a; q;mNU) + �(1� �)V T�

t+1(q;m
NU)

�
;

max
p;n

�
�N�t (p; n; a; q;m

NU) + �(1� �)V N�
t+1(q;m

NU)
�
;

9=;
9=;
9=; (35)

Total amount of customers lost through diversion e¤orts should be equal to the total customers gained. Hence,

d�(q;m) =
��(q)

R
(N;m)

mN�(q;m)d�N�(q;m)

(1� �(q))
R
(N;m)

d�N�(q;m)
:

Following the theory of stochastic dynamic programming in Stokey and Lucas (1993), it can be shown

that there exists a unique continuous and bounded function V �(q;m) that satis�es (32).

Let W ��(q;m) be the surplus from visiting �rm (�; q;m), and let W?� be the surplus of an uninformed

consumer. W � and W?� are the �xed-points of equations (1) and (2), respectively. Once again, the dynamic

programming techniques in Stokey and Lucas (1993) ensure the existence and uniqueness of continuous and

bounded functionsW � andW?�: There exists then a unique bounded functionW
�
(I) that gives the maximum

surplus associated with any cumulative information, I. The individual demand function, �rm value, and

consumer surplus satisfy the following properties.

4.1 Characterizing the Stationary Equilibrium

Proposition 1 (i) z��(q;mo) and !��(q;mo) are strictly increasing in q; (ii) z��(q;mo) and !��(q;mo) are

strictly increasing in mo; and (iii) V ��(q;mo) is strictly increasing in q; and strictly increasing in mo; and

(iv) V ��(q;mo) is strictly increasing in q; and strictly increasing in mo:

Proof of Proposition 1. Part (i). Using the de�nition (26), let Q�(qjmo) denote the equilibrium prob-

ability that an ad comes from a �rm with quality at most q; conditional on mo: The cumulative distribution

function, 1 � Q�(qjmo); cannot have a mass point at any q in its support; otherwise any �rm with quality
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level q could increase its quality slightly and steal a positive mass of consumers from other �rms charging q;

leading to a discrete increase in pro�t. Also, 1�Q�(qjmo) cannot be �at over some interval [q1; q2], otherwise

any �rm with quality level could decrease its quality to q2 without a reduction in its probability of sale. Thus,

1�Q�(qjmo) is di¤erentiable and strictly increasing in q over the interior of its support [q�(mo); q�(mo)]; where

q�(mo) and q�(mo) are the minimum and maximum quality levels observed for �rms with size mo: Therefore,
@Q�(qjmo)

@q
> 0: Let z�(qjmo) =

P1
i=0	

�(i) [Q�(qjmo)]i be the demand function for a consumer conditional on

mo: It follows that @z�(qjmo)
@q

=
P1

i=0	
�(i)iQ�i�1 @Q

�

@q
< 0, which also implies @z�(q;mo)

@q
> 0. Similar arguments

apply to !�(q;mo).

Parts (ii), (iii) and (iv). Note that dV
�

dq
= @V �

@q
= �m� < 0; by the envelope theorem. Next, observe that

@z�

@q
=

 1X
i=0

	�(i)iG�i�1

!
G�0

@W �

@q
: (36)

Because @z�

@q
> 0 by Part (i) and (

P1
i=0	

�(i)iG�i�1)G�0 > 0, it follows that @W �

@q
> 0: Similar arguments

establish @!�

@q
> 0: Next, we argue that z�; V �; and W � must be strictly increasing in mo: Di¤erentiation of

z� yields
@z�

@mo
=

 1X
i=0

	�(i)iG�i�1

!
G�0

@W �

@mo
: (37)

Thus, @z�

@mo and @W �

@mo have the same sign. Similarly, @!
�

@mo and @W �

@mo have the same sign, and therefore so do @!�

@mo

and @z�

@mo . Furthermore, by the envelope theorem, dV
�

dmo =
@V �

@mo =
@m�

@mo

�
(� � 1) q�

A
w +R�

�
:

The term in parentheses must be positive. Consequently, dV
�

dmo and @m�

@mo have the same sign. Next, note

that
@m�

@mo
= (1� �) z� +

�
mo(1� �)

@z�

@mo
+ a�

@!�

@mo

�
:

To obtain a contradiction, suppose that @z�

@mo � 0 and @!�

@mo � 0: There are then two possibilities: @m�

@mo � 0 or
@m�

@mo > 0: If @m
�

@mo � 0, (??) implies dV �

dmo � 0: But then �rm value is non-increasing in �rm size, and a �rm has

no incentive to increase its size, because exit probability increases as �rm size increases. Because the only

way a �rm can grow is to send ads, there is then no advertising. Therefore, @z�

@mo � 0, @!
�

@mo � 0; and @m�

@mo � 0
cannot hold in an equilibrium with positive advertising.

If, on the other hand, @m
�

@mo > 0; then, dV
�

dmo > 0: Now, rewrite the consumer surplus in (1) in stationary

equilibrium as

W �(q;mo) = U(p) + �(1� �)

1X
i=0

	�(i)f(1�X�(q;mo))W �
1 (q;m

1) +X�(q;mo)W �
2 ]g;

where X� is the probability of exit, (q;m1) denotes the next period price and size, and

W �
1 (q;m

1) =

(
E
�R
maxfW;W �(q;m1)gdG�i(W )

�
E[W (q;m0)]

if i > 0

if i = 0
;

W �
2 =

(
E
�R
WdG�i(W )

�
W �?

if i > 0

if i = 0
:
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Then
@W �

@mo
= �(1� �)

1X
i=0

	�(i)

�
@X�

@mo
(W �

2 �W �
1 (q;m

1)) + (1�X�)
@W �

1

@m1

�
; (38)

and
@W �

1

@m1
= �(1� �)

1X
i=0

	�(i)

�
@X�

@m1
(W �

2 �W �
1 (q;m

2)) + (1�X�)
@W �

1

@m2

�
@m1

@mo
; (39)

where (q;m2) is the two-period ahead price and size, and m1 is the next period�s demand. One can thus

substitute @W �
1

@m1 in (38) using (39). Continuing with similar substitution for all future periods, one obtains

@W �

@mo
=

1X
t=1

�t(1� �)t

 
t�1Q
j=1

(1�X�(q;mt))

!
@X�

@mt

1P
i=0

	�(i)(W �
2 �W �

1 (q;m
t))

 
t�1Q
j=1

@mj

@mj�1

!
; (40)

where (q;mt) is the t� period ahead price and size, and mj is the demand in period j: Because dV �

dmo > 0 and

exit probability declines with �rm value, exit probability also declines with �rm size, i.e. @X
�

@mt < 0 for all t: In

addition, it was assumed that @mj

@mj�1 > 0. Furthermore, W �
2 �W �

1 (q;m
1) < 0; by the de�nitions of W �

1 and

W �
2 : Consequently, using (40),

@W �

@mo > 0: But since @z�

@mo � 0; (37) implies @W
�

@mo � 0; a contradiction. Therefore,
@z�

@mo � 0 and @!�

@mo � 0 cannot hold. Thus, the only con�guration consistent with positive advertising in

equilibrium is @z�

@mo > 0;
@!�

@mo > 0;
@V �

@mo > 0 and @W �

@mo > 0:

Proposition 2 Firms follow a constant mark-up pricing policy; p�(�; q;m) = p�(q) = � q
�

A
w; with � > 1.

Trademarking costs are typically not very high. However many �rms choose not to trademark their

products. This model is consistent with this empirical observation. In this model, even with an in�nitesimal

amount of trademarking cost, in equilibrium, some �rms will not trademark. The following proposition asserts

that some very low quality �rms will never choose to trademark.

Proposition 3 There exists a threshold quality level qo such that �rms with quality level below qo will never

trademark. Furthermore, for q > qo, optimal trademarking decision of �rms will be such that T �(�; q;m) is

increasing in q and m. Furthermore T �(NT; q;m) � T �(NU; q;m).

Let T o(�; q;m) be a indicator function with

T o(�; q;m) =

8><>:
1 if T (y; q;m) = T; y 2 fNU;NTg ;

0 otherwise.

The number of new trademarks issued in an industry at a given period will be given by

NT =

Z
(�;q;m)

T o(�; q;m)�(�; q;m)d(�; q;m):

Consider the state history of an age i trademark �rm, � = f(NU; q;m1); (�2; q;m2); :::; (�i; q;mi)g ; denote
age of trademarking as ageT = minj f�j = T; such that (�j; q;mj) 2 �g.
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Proposition 4 (i) zS�(q;m) and !S�(q;m) are strictly increasing in q;(ii) V ��(q;m) is strictly increasing in

q and m (iv) W ��(q;m) is strictly increasing in q.

Consider next the pricing and advertising policies. Remember that �rms do not put price information on

their ads. Given its current customer base m; each �rm chooses optimal price for the period. This clearly

yields a constant markup pricing policy. Hence p�(�; q;m) = � q
�

A
w where � denotes the markup rate.

Assumption 1 ensures that �rms advertise every period. The advertising policy, a�(�;m; c); is thus an

interior maximizer de�ned implicitly by the �rst order condition

@mT�

@a

�
�
q�

A
w + �(1� �)(1� �)

@

@mT�V
T�(q;mT�)

�
= �T 0(a): (41)

for trademark �rms, and8>>>>>><>>>>>>:

�(q)
�
INT (q;m)

h
@mTR

@a

h
@�TR

@mTR + �(1� �)(1� �) @
@mT�V

T�(q;mTR�)
ii

+ (1� INT (q;m))
h
@mNT

@a

h
@�NT

@mNT + �(1� �)(1� �) @
@mNT�V

N�(q;mNT�)
iio

+(1� �(q))
�
INU(q;m)

h
@mNU

@a

h
@�NU

@mNU + �(1� �)(1� �) @
@mNU�V

T�(q;mNU�)
ii

+ (1� INU(q;m))
h
@mNU

@a

h
@�NU

@mNU + �(1� �)(1� �) @
@mT�V

N�(q;mNU�)
iio

9>>>>>>=>>>>>>;
= �T 0(a)

for nontrademark �rms. Change in current period�s advertising level a¤ects the �rm�s continuation value.

The second term in brackets in (41) pertains to the dynamic e¤ects of the marginal ad. The advertising policy

is an increasing function of a �rm�s e¢ ciency and size, because the expected pro�t per consumer is higher for

�rms with larger clientele and higher e¢ ciency.

Let the sales of a type (�; q;m) �rm in any period be r��(q;m) = m��(q;m)x�(p�(q); q)p�(q): Hence,

r��(q;m) = m��(q;m)x�(p�(q); q)� q
�

A
w: The pro�t of the �rm will be ���(q;m) = m��(q;m)x�(p�(q); q)(� �

1) q
�

A
w � f:

Proposition 5 There exists a unique advertising policy, a�(�; q;m); which is a strictly increasing function of
quality, q; a�(S; q;m) does not depend on size, m: Also a�(T; q;m) > a�(N; q;m). A �rm�s demand, m��(q;m);

and sales, r��(q;m), are strictly increasing functions of quality, q; and size, m:

Because a �rm�s end-of-period number of customers, m��(q;m) is strictly increasing in previous-period

size m; there is persistence in �rm size.

Firms start unattacked at their entry. They accumulate customers as they age. Therefore in this model,

in stationary equilibrium if there is entry, a �rm will never exit unless it is attacked. Since by construction

trademark �rms can not be attacked, no trademark �rm exits in equilibrium. The following proposition

formally shows that in equilibrium only attacked �rms exit.

Proposition 6 XT�(q;m) = XN�(q;m) = 1 � � for all q;m; there is no endogeneous exit in stationary

equilibrium.
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Since there is only exogeneous exit in equilibrium, for consumers the sole important �rm characteristic is

its quality. Hence the consumer surplus functions simplfy signi�cantly.

WN
t (q) = max

x
[u(q; x)� px] + �(1� �) (42)(

�t+1(0)
��
(1� �)E

�
WN
t+1(q)

��
+ �W?

t+1

�
+
P1

i=1 �t+1(i)
�
(1� �)E

�R
maxfW;WN

t+1(q)gdZ it+1(W )
�
+ �

R
WdZit+1(W )

� ) ;
and

W T
t (q) = max

x
[u(q; x)� px] + �(1� �) (43)(

�t+1(0)
�
(1� �)W T

t+1(q) + �W?
t+1

�
+
P1

i=1 �t+1(i)
�
(1� �)

R
maxfW;W T

t+1(q)gdZ it+1(W ) + �
R
WdZit+1(W )

� ) :
As information technology improves and the advertising cost function becomes more e¢ cient, i.e., ��0(a) <

��(a) for all a; the sixth region in the geography of trademarking graph becomes wider. The �rms threshold

level of size for trademarking �(q) decreases and the �rms in the �fth region gets their trademark earlier.

The following proposition formally shows this.

Proposition 7 Expected age of trademarking at birth, E
�
ageT (q)

�
is decreasing in q.

Proposition 8 Consider an improvement in information technology so that ��0(a) < ��(a) for all a. After
the improvement, expected age of trademarking decreases, E

�
ageT

0
(q)
�
< E

�
ageT (q)

�
for all q: Similarly, an

increase in trademarking cost, cT , will increase the trademarking date. Let c0T > cT ; then E
�
ageT (q)

�0 �
E
�
ageT (q)

�
.

Let the fraction of non-trademark �rms that trademark at a given period be denoted by fr(S; q;m) =R
T o(y;q;m)�(y;q;m)d(y;q;m)R

�(y;q;m)d(y;q;m)
; y 2 S = fNU;NTg.

Proposition 9 Probability of trademarking for an average non-trademark �rm increases when it is targeted.

Consider the size-quality plane in stationary equilibrium that is shown in Figure 3. It has six regions.

In the �rst region, the e¢ ciency of the �rm in product development, e, is so low that the �rm chooses not

to enter the industry at all. In the second region, the �rm enters the industry but the quality of the �rm�s

product is so low that the �rm does not trademark its product and it chooses to exit whenever it is attacked.

Hence all the �rms in region two are unattacked non-trademark (type NU) �rms. There is no exit at the

third region and �rms in this region will never choose trademark their products. Their size will change from

period to period as they wander between attacked and unattacked states. The third region will consist of

all non-trademark �rms but some of these �rms may be attacked and others may be unattacked. Therefore

it will include both type NU and type NT �rms. In the fourth region the �rms will get a trademark once

they are attacked. As explained through a proposition earlier, getting a trademark will be a better option

once a �rm is attacked since trademark will break the spell of a customer diversion attack. Therefore in
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Figure 3: Geography of trademark decision; the size and quality plane in stationary equilibrium in economy

with trademarks.

this region no attacked non-trademark �rm will persist in that state. The �rms in this region will be either

unattacked non-trademark type or trademark type. The �rms in the �fth region will all have trademarks.

The unattacked non-trademark �rms that become large enough to enter the �fth region will get a trademark

right away. The last region, region six consists of very high quality �rms which get trademark at birth upon

entry. The solid curve in Figure 3 represents the maximum possible size of a trademark �rm whereas the

dashed curve represents the maximum size for a non-trademark �rm in that region. In stationary equilibrium,

the amount of new customers that a �rm receives will just be equal to lost customers. No �rm will choose to

increase its size beyond the steady state given by these curves.

To contrast, let�s consider the size-quality plane in no-trademark economy. Figure 4 plots the size-quality

plane in stationary equilibrium in the economy with no trademarks. In stationary equilibrium the size-quality

plane in the no-trademark economy will have three regions. In the �rst region, as in the trademark economy,

a �rm�s e¢ ciency in product development is so low that it will choose not to enter. Compared to stationary

equilibrium of the trademark economy, however, ceteris paribus, �rst region in the no-trademark economy

will be narrower. The �rms in the second region will exit when they are attacked. Therefore this region

will consist of unattacked �rms. In the third region �rms will never choose to exit. They will only exit

exogenously. The solid curve in the graph represent the maximum size attainable for always unattacked �rms

in stationary equilibrium. Likewise, in stationary equilibrium no �rms will be above the solid curve. The

very lucky �rm which was not attacked for a long period of time may bring up its size up to this level. The

dashed curve represents the maximum attainable size for a �rm which has been under attack for a very long

period of time. Old enough �rms will wander between these curves as their state changes between attacked

and unattacked.
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Figure 4: Equilibrium size-quality plane in no-trademark economy

Existence of a trademark system improves the welfare of agents in the economy signi�cantly due to

quality and marketing channels. Entering �rms do not invest in quality development enough in no-trademark

economy. Since they know that they will be attacked frequently and will loose their customers to other

�rms they neither invest in quality nor they invest in marketing of their products. The Figure 5 plots the

equilibrium quality distribution of products in trademark and no-trademark economies. There is a strong

contrast between trademark and no-trademark economies in three aspects. Products are of much lower quality

in no-trademark economy. Because of lack of e¢ cient marketing, consumers have much little information

about products. Because of these two not enough new products are innovated.

Now let�s consider how an improvement in information technology will a¤ect the stationary equilibrium

in an economy with trademarks. Consider that information technology improves so that the advertising cost

function becomes �
0
(a) < �(a) for all a � 0. As the Figure 6 shows an improvement in the information

technology will a¤ect the stationary equilibrium in a number of ways. First of all, the �rst and the sixth

regions will be wider. A larger fraction of �rms intending to enter and have paid the �xed cost � will actually

with product development e¢ ciency lower than a level that is necessary for a pro�table operation. With better

information technology high quality �rms will able attract much more customers easily and their maximum

attainable size becomes much larger. Therefore, as seen in the �gure, the solid curve becomes much steeper

at high quality levels. This also implies that concentration will be more in the better information technology

economy. As a result a larger fraction of �rms will choose to trademark their products at birth to bene�t

from better information technology. The region two to �ve will likely to shrink with the advancement in

information technology. The boundary lines between the regions II-V will also be steeper since quality rather

than size will be more important in advanced information technology economy. This follows from the fact that

a high quality small �rm can much easily increase its size in with the help of better information technology.
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Figure 5: Quality distribution of products across quality levels in trademark and no-trademark economies

Figure 6: Stationary equilibrium size-quality plane in better information technology economy
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Figure 7: Advertising intensity of �rms with di¤erent quality in stationary equilibrium in high low information

cost economy

Let�s call the economy with better information technology a low information cost economy for the rest of

the analysis. The next �gure Figure 7 plots the advertising intensity of �rms with di¤erent quality levels in

the high and low information cost economies. Quality range shifts up in the low information cost economy

and becomes narrower. Advertising intensity increases for all �rms but the top quality �rms increase their

advertising intensity drastically.

Since the advertising technology exhibits decreasing returns to scale, optimal advertising intensity of a

�rm falls as the �rm�s size increases. Figure 8 exhibits the optimal advertising intensity for di¤erent �rm

size in the high low information cost economies. Given �rm size advertising intensity is higher in the low

information cost economy.

The next �gure, Figure 9 depicts the fraction of products with di¤erent quality levels in low and high

information cost economies. In low information cost economy a larger fraction of products will be of high

quality. The quality dispersion across products will, however, be lower as measured by qmax� qmin and shown
in the �gure as the length of the arrow between lowest and highest quality products that coexist in stationary

equilibrium. This result also suggests a sharp increase in concentration in low information cost economy.

Proposition 10 Firm size inequality is higher among trademark �rms.

An important aspect of an economy with low information cost is higher �rm concentration. This is because

the quality distribution shifts right and a high quality �rm could attract relatively more customers in a low

information cost economy. The illustrative �gure, Figure 10 plots the equilibrium concentration of �rms

across di¤erent quality levels in high and low information cost economies.

Proposition 11 Let ET (�; q;m) denote expected time it will take to trademark for a �rm with state (�; q;m).
ET (�; q;m) is decreasing in q and m. Furthermore, ET (NT; q;m) � ET (NU; q;m):
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Figure 8: Advertising intensity of �rms with di¤erent sizes in stationary equilibrium in high low information

cost economy

Figure 9: Fraction of products with di¤erent quality levels in low and high information cost economies
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Figure 10: Equilibrium industry concentration in low and high information cost economies

When does a �rm trademark its product? The geography of trademarking �gure helps us understand the

timing of trademarking across �rms. The �rms in the last region (region 6) have high enough quality that

they choose to trademark their product at birth. The �rms in region 5 trademark their product when they get

large enough. However, the �rms in region 4 trademark their products when they are attacked. Due to fact

that some of the �rms are forced to get a trademark when they are attacked, if relative size of a �rm before,

at the time of, and after receiving a trademark is traced, a check-shape evolution will be observed. Figure 11

plots the evolution of �rm size around the trademark data in high and low information cost economies. The

drop in relative size of the �rm at the date of trademarking is because for some of the �rms the trademarking

date coincides with a �rst-time attack date where the �rm looses some of its existing customers (region IV

in Figure 3). Notice that the drop is smaller in the low information cost economy because among newly

trademarking �rms a lower fraction are those types that are recently attacked. This is because as discussed

earlier the region IV is smaller in low information cost economy.

4.2 Simulation algorithm

We outline the simulation algorithm used to generate the comparative statics results. The baseline

advertising technology, �(a) = �a'; generates positive advertising for any ' > 1. To see this claim, note that

Assumption 1(iii) is satis�ed because lima!0�
0(a) = �0(0) = �'a'�1 = 0 for ' > 1: Therefore, the marginal

cost of advertising at a = 0, represented by the second term in the l.h.s. of (41), is zero. What remains to be

shown is that the marginal return to advertising represented by the �rst term in the l.h.s. of (41) is positive,

and thus exceeds the marginal cost at a = 0. Firms charge monopoly price and this yields positive revenue

per ad for a �rm, because, as long as advertising is not free, there is always a positive mass of consumers
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Figure 11: Evolution of �rm size (relative employment) around the trademark date in high and low information

cost economy

whose only ad is the ad they received from the �rm. Formally, the revenue per ad for a type (q;m) �rm when

it charges its monopoly price p(q;m) is

!��(q;m)(pm � c+R�) � 
�(0)(p� c+R�) > 
�(0)(p� c);

where the �rst inequality follows from the fact that !�(q;m) � 
�(0); and the second from R� � 0:

Consequently, there is positive advertising as long as the �xed cost is not too high and the industry is not

empty, i.e. the entry cost is not too high. For the industry to be non-empty, there must exist some �rm types

which do not exit and the expected value of entry must not be lower than the entry cost. The conditions for

a non-empty industry are checked as part of the simulation algorithm below.

The algorithm is based on Theorem 1 and is similar to value function iteration algorithms. The simulation

setup requires a grid of �rm types. We partition the support of the quality level distribution U [1; 5] into a

discrete set fq1; :::; qng, where q1 = 1 and qn = 5: We also use a grid of �rm size levels fm1; :::;mkg; where
m1 = 0 and mk = m; where m is taken su¢ ciently large to contain the upper bound on �rm size. The

algorithm has the following steps:

1. Start with initial guesses for the trademark status function, �(q;m); the value function of �rms; V �(q;mo);

the surplus function, W �(q;mo); the measure of �rms, ��(q;mo); and the cumulative distribution of ads,

Q�(q;mo). We look for �xed points for these functions by simultaneously iterating on them.8 We chose

8There are two alternative methods of iteration on these functions. One method is to construct separate loops of iteration for

each function. The second method is simultaneous iteration of all or a subset of the functions under one single loop. The �rst

method is more robust, but computationally slower. The second method is faster with potential problems of robustness. To deal

with the robustness, small step sizes for updating functions may be used. We tried both methods, and given the dimensionality

of the setup, we found that using the second method with small step sizes is easier for the model considered.
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V �(q;mo) � V � 0; W �(q;mo) � 0; W? = 0; and ���(q;mo) = b � 0 such that
P

�

P
mo

P
q��

�(q;mo) =P
�

P
mo

P
q b = 1; implying that b =

1
nk
Q�(q;mo) is also set to be the c:d:f . of a two-dimensional discrete

uniform distribution over fq1; :::; qlg � fm1; :::;mkg. Given W �(q;mo) and Q�(q;mo) compute the individual

demand functions as

z�(q;mo) =
TX
i=0

e�AAi

i!
Q�

i

(q;mo); (44)

!�(q;mo) = Q�s (q;m
o)

TX
i=0

e�AAi

i!
Q�

i

(q;mo)

where Q�s (q;m
o) is the probability that among all the sales that take place, the �rm type that makes a

randomly selected sale is not preferred to �rm type (q;mo): Since we do not have Q�s (q;m
o) available initially,

we start by assuming that Q�s (q;m
o) = Q�(q;mo); which will be updated later in further iterations as a

computed Q�s (q;m
o) becomes available. The upper limit T in the summations (44) is set to a large enough

number (we used T = 20) and the term e�AAi

i!
follows from a Poisson approximation to 	(i).

2a. Compute
�V �(q;mo

j )

�mo
j

=
V �(q;mo

j )�V �(q;mo
j�1)

mo
j�mo

j�1
over a grid for qkn and mo

n. Solve the discrete-space version

of the corresponding �rst order conditions (41), and �nd the optimal advertising levels ai;j for each �rm type

k � n;given V and Q using,

aij =

24!�(qij;mo
i )
h
(pij � cj) + �

P
�o

�V �o(m�;c0k)

�m�

i
'�

35
1

'�1

: (45)

where m� = mo
i (1� �)z�(qij;m

o
i ) + aij!

�(qij;m
o
i )

2b. Compute period sales and pro�ts for all �rm types

m�
ij = mo

i (1� �)z�(qij;m
o
i ) + aij!

�(qij;m
o
i ) ;

��(qij;m
o
i ) = m�

ij(pij � cj)� ��(aij)� f:

Compute total number of ads

A =
X
i

X
j

aij��(qij;m
o
i ) :

Obtain the updated value function of �rms,

V �0(qi;m
o
j) = maxf0;�(qi;mo

j) + �

nX
k=1

V �(qi;m
�
j)h(qk)g:

Compute the exit indicator for all �rm types,

X�(qi;m
o
j) =

(
0; if ��(qi;mo

j) + �
Pn

k=1 V
�(qi;m

�
j)h(qk) � 0;

1; otherwise.
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2c. Obtain the updated value functions of consumers,

W?0 =
1

(1� �(1� �)e�A)

TX
i=1

e�AAi

i!

X
k

Wk�G
i(Wk)

W T 0(qi;mj) = max
x
[u(qi; xij)� pijxi] + �(1� �) (46)8>>>><>>>>:

e�A
h
X(T; qi;m

0
j)
h
(1� �)

X
k
W T (qi;m

0
ik) + �W?

t+1

ii
+ (1�X(�; qi;m

0
ik))W

?
t+1

PT
t=1

e�AAt

t!

264 X(T; qi;m
0
j)

"
(1� �)E

�R
maxfW;W T

t+1(q;m
0)gdZ it+1(W )

�
+�
R
WdZit+1(W )

#
+(1�X(T; qi;m

0
j))W

?
t+1

375
9>>>>=>>>>; :

Similarly for WNU 0(qi;mj) and WNT 0(qi;mj)

2d. Obtain the implied distribution of ads across �rm types Q�0(qi;mj) using the optimal number of ads

aij sent by each �rm type and the measure of �rms ��(qi;mj); i.e.

Q�0(qi;mj) =
1

A

X
(v;r) s.t. W�(pqr;mq)�W�(qi;mj)

avr��(qr;m
o
v):

Also, obtain the implied distribution of sales across �rm types Q�0s (qi;mj)

S =
X
i

X
j

m�
ij��(qi;mj) ;

Q�0s (qi;mj) =
1

S

X
(v;r) s.t. W�(pqr;mq)�W�(qi;mj)

m�
vr��(qr;m

o
v):

3. Calculate the distances

d(Q;Q0) = max
i;j
jQ�(qi;mj)�Q�0(qi;mj)j;

d(V; V 0) = max
i;j
jV �(qi;mj)� V �0(qi;mj)j;

d(W;W 0) = max
i;j
jW �(qi;mj)�W �0(qi;mj)j;

d(�;�0) = max
i;j
j�(qi;mj)� �

0
(qi;mj)j:

If d(Q;Q0) < "; d(V; V 0) < �; d(W;W 0) < �; d(�;�0) < � for small "; �; �; � > 0; then go to step 4. Otherwise,

set V � �V + (1 � �)V 0; W � �W + (1 � �)W 0, and Q � �Q + (1 � �)Q0 (with � = 0:1) and go back to

Step 2.

4. Obtain the entry mass M using the discrete version of the free entry condition,

M = supfM :

nX
i=1

V 0(0; ci)h(ci) = �g;
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and compute the exit rule c(mo) point-wise as

c(mo
i ) = maxfcj : V 0(mo

i ; cj) > 0 and V
0(mo

i ; cj+1) � 0g:

5. Using M; and c(mo
i ); and �(m

o
i ; cj), obtain the updated measure

�0(mo
i ; cj) =

P
m�mo

i

P
c0�minfcj ;co(mo)g

�(m; c0) +M
P

c0�minfcj ;co(0)g
h(c0):

6. Calculate the distance

d(�; �0) = max
(i;j)

j�(mo
i ; cj)� �0(mo

i ; cj)j:

If d(�; �0) < � for some small � > 0; then stop. If M > 0 and c(mo) > c1, then equilibrium entails

positive entry and exit. Otherwise, set �(mo; c) = ��(mo; c) + (1 � �)�0(mo; c); V � �V + (1 � �)V 0;

W � �W + (1� �)W 0, Q � �Q+ (1� �)Q0 (with � = 0:1) and go back to Step 2.

5 Empirical Evidence

This section o¤ers some evidence on the model�s implications and tests some of its key predictions.

5.1 Data

The data on trademarks and �rms used in this study come from the matched trademark-�rm database

constructed by Dinlersoz et al. (2018). The data on trademarks is available from the USPTO Trademark

Case Files Dataset (TCFD) � see Graham, Hancock, Marco, and Myers (2016) for the details on TCFD. The

TCFD contains information on USPTO trademarks applications and registrations for the period 1870-2015.

The information on trademarks includes, but is not limited to, ownership, assignment, prosecution events,

classi�cation, and renewal history.

The trademark data is matched with the U.S. Census Bureau�s Business Register (BR), which contains

administrative data for the universe of non-farm businesses in the United States. Key �rm-level variables

are employment, payroll, and revenues, as well as geography and industry classi�cation. Analysis of �rm

trademark activity requires longitudinal data to track �rms over time and identify when in their life-cycle

such activity occurs. The Longitudinal Business Database (LBD) provides a longitudinally linked version of

the BR at the establishment level for the period 1976-2014. The LBD also enables identi�cation of entry and

exit of �rms and their establishments. The TFCD and BR were merged using name and address matching

techniques� for further details on data construction, see Dinlersoz et al. (2018). The trademark-�rm dataset

allows tracking of key events in a �rm�s life-cycle: �rm birth, �rst trademark registration, and �rm death.

Empirical analysis focuses on the event of �rst trademark registration by a �rm. Trademark registrations

are subject to a use requirement; the owner must use the mark on goods or in connection with services in order

to establish and maintain trademark rights. While a �rm can simply use common law trademark rights by

using a mark in commerce, a trademark registration confers bene�ts beyond common law �most importantly
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a national scope and prevention of the infringing goods or services, a key bene�t of trademarks emphasized

in the model.

Filing an application for a U.S. trademark registration costs a relatively small fee per class.9 However, this

fee does not re�ect the underlying costs associated with owning and maintaining a trademark� for instance,

the expected legal costs of defending a trademark against infringement can be very large. Not all applications

for a trademark registration end up reaching the registration stage. Table 2 in Graham et al. (2016) indicates

that as high as 31% of trademark applications are abandoned before registration. An application can become

a registered trademark only if the associated good or service is already in commercial use, or if there is

a bona �de intent to use the mark in commerce. The �intent-to-use applications� can only be registered

after the owner uses the trademark in commerce and provides evidence supporting such use to USPTO. The

USPTO determines whether the trademark in consideration is legally protectable and if there is a �likelihood

of confusion� with a previously registered trademark. If the applied-for mark is registrable, the USPTO

publishes the trademark for a limited opposition period, during which time third parties may �le a formal

opposition to the registration. However, oppositions rarely arise;less than 3% of published applications are

opposed� see Graham et al., 2016. Unopposed applications for trademarks already in use are issued a U.S.

trademark registration.10 This paper�s focus is on actual commercial activity associated with a trademark

application. Material e¤ects of a trademark application at the �rm level are more likely observable when a

trademark is actually registered. Therefore, the empirical analysis studies trademark registrations for which

the presence of commercial activity is established.

The trademark-�rm matched data is supplemented with data on advertising expenditures by �rms, avail-

able from U.S. Census Bureau�s Economic Census and Annual Survey of Manufacturers. The cost of adver-

tising reported by �rms does not necessarily fully correspond to the notion of information dissemination costs

in the model. Advertising cost in the model includes all e¤orts by �rms to inform consumers about their

existence and products, some of which may not be captured by reported advertising expenses. In addition,

the role of advertising in the model is purely informative. Some of the reported advertising costs, on the other

hand, may also include spending associated with persuasive advertising. Nevertheles, the reported advertising

expenditures can be used as a proxy for the model�s advertising costs, as long as the reported expenditures

across �rms and over time re�ect underlying changes in informative advertising.

5.2 Analysis

Empirical analysis focuses on the connection between �rm level outcomes and the presence of a trademark

registration by a �rm. The analysis is motivated by key implications of the model.

9For most of the time period for which the matched data cover, the per class �ling fee ranged from $175 to $375 for a paper

�ling and $325 to $335 for an electronic �ling.
10A trademark registration can be renewed as long as the trademark is used on the associated goods or services. The owner

must provide proof of continued use and pay fees six years after registration and at each ten-year renewal event to maintain the

trademark. Otherwise, the registration is canceled. While trademark renewal activity is interesting on its own right, the model

and empirical analysis do not study the trademark renewal process.
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5.2.1 The e¤ects of trademark registration: an event study

A key role of the trademarks in the model is to protect a �rm�s customer base from being eroded by in-

fringement and imitation by other �rms. This protection can help the �rm maintain its customer base and

expand it after the registration, compared with �rms with no trademarks. However, there is also a selection

e¤ect associated with trademark registrations, as �rms with higher quality of products bene�t more from

trademark protection. To assess the e¤ects associated with trademark registration on �rm growth, an event

study is conducted where �rms with trademark registration are matched with a control group to account

for selection using observed �rm characteristics.11 Each �rm with a trademark registration is matched with

a control �rm that has no trademark registration, but has similar employment, same age, same multi-unit

status and same industry code in the year of the trademark registration as the treated �rm.12 The �rms with

trademark registration and their matched controls are then followed before and after the year of trademark

registration to explore the evolution of �rm employment.

Figure 12 shows the time pro�le for the average employment of �rms with a trademark registration and

their matched controls. For this �gure, only the �rms that register their �rst trademark at age one or later

are considered in order to observe the path for average employment before registration. The analysis for �rms

that register their �rst trademark in their birth year is done separately� see Figure 13.

Figure 12: Evolution of �rm employment before and after �rst trademark registration � �rms with a trade-

mark registration and their matched controls

The patterns in Figure 12 indicate that �rms with a trademark registration exhibit similar trends in

11Selection may also result from unobserved characteristics of �rms, or from observed characteristics that are not in the data

available to the econometrician. For instance, product quality, which is unobserved, is a key driver of selection in the model.
12The detailed match criteria used are as follows: the same 4-digit NAICS industry for �rms of size > 10 employees, the same

6-digit NAICS industry for �rms of size <= 10 employees, same �rm age, employment in the same size bin (110 di¤erent �rm

size bins were used), the same year as the registration year, and the same multi-unit status.
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Figure 13: Evolution of �rm employment before and after �rst trademark registration � �rms with a trade-

mark registration in their �rst year and their matched controls

average employment compared to the control group before trademark registration� indicating that matching

strategy does a decent job of accounting for pre-registration trends. However, trends start to diverge after

registration, as �rms with a registration experience much higher growth in average employment.13 A similar

pattern is observed for �rms that register a trademark in their �rst year, as shown in Figure 13� for these

�rms, there is no pre-registration period by de�nition. The patterns in Figures 12 and 13 suggest that �rms

tend to grow more after trademark registration, after selection based on observed characteristics is controlled

for.

5.2.2 Trademark registration and �rm survival

The model implies that �rms with a registered trademark are less likely to exit (fail). This connection between

�rm survival and trademark registration arises due to two e¤ects. One is selection: �rms that take trademarks

are of higher quality and hence they are more likely to survive and grow. The second e¤ect is associated with

the protection provided by trademarks. Once a �rm registers a trademark, its customers cannot be diverted

by other �rms, preventing the erosion of the �rm�s customer base and increasing the likelihood of survival.

The model�s implication on �rm survival and trademark registration �nds support in the data. Table 1

shows the exit rates for �rms that register a trademark during their life-cycles versus those that do not, for

all �rms born during the period 1982-2012.14 The likelihood of exit for �rms with a trademark registration is

nearly half of that for other �rms, and the two rates are statistically di¤erent from each other.

13Note that selection due to �rm failure over time operates alongside with the growth of surviving �rms to generate the trends

in Figures 12 and 13.
14A �rm exit occurs in the Longitudinal Business Database (LBD) if all establishments of the �rm cease to exist as entities

with payroll.

36



Firm type: Annual exit rate

Firms with no trademark registration 0:1106

(0:0000)

Firms with a trademark registration 0:0544

(0:0001)

Notes: Standard errors in parentheses.

Table 1. Exit probability by �rm type

Part of the large di¤erence in Table 1 is obviously driven by selection. To control for selection based

on observables, a linear probability model is estimated where �rm size (employment), age, and industry are

controlled for, and the presence of trademark registration for a �rm is indicated by a dummy variable that

takes on a value of one if the �rm ever registers a trademark during its life-span� see Table 2. The estimated

coe¢ cient for this dummy indicates that, after controlling for observables, a �rm with a trademark registration

is about 3:5 percentage points less likely to exit� a reduction of 32 percent from the average exit rate of �rms

with no trademark registration (11%, see Table 1). The results are similar when a probit or logit model is

considered instead of a linear probability model.

Annual exit indicator

Firm has a registered trademark �0:0347���

(0:0001)

Employment (ln) �0:0218���

(0:0000)

Notes: Standard errors clustered by industry in parentheses.

Regression includes �rm age, year and 6-digit NAICS industry dummies.

Table 2. Likelihood of �rm exit - Linear Probability Model

5.2.3 Initial �rm size and the propensity of trademark registration

A prediction of the model is that �rms with higher quality products are more likely to obtain a trademark,

and they do so earlier in their life-cycles. These predictions are tested using initial size of a �rm as a proxy

for the quality of its products, which is unobserved. In the model, initial size of a �rm is positively associated

with the underlying �rm-level quality.

Table 3 contains the results from three di¤erent approaches to test the connection between �rm product

quality and trademark registration likelihood. The �rst column shows the results from a regression analysis

where the dependent variable is the number of years to �rst trademark registration (TM_DURATION) for

all �rms born between 1982 and 2012 that register a trademark during their life-cycle. The main independent

variable is the initial �rm employment� �rm size in the year of birth. The controls include birth year dummies,

a multi-unit indicator, and 6-digit NAICS industry dummies. The negative and statistically signi�cant
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coe¢ cient associated with �rm size indicates that �rms that are born larger (i.e. of higher quality from the

model�s perspective) tend to register a trademark earlier, conditional on registering a trademark.

Columns two and three of Table 3 perform a similar exercise, but this time the dependent variable is the

indicator of trademark registration within 2 years of birth (TM_LIKELIHOOD). Column two uses a linear

probability model, and column three implements a Probit model. Both approaches indicate a statistically

signi�cant positive connection between initial �rm size and the likelihood of trademark registration within

two years of birth, conditional on registering a trademark. The Linear Probability Model (OLS) estimates

suggest that a 1% increase in initial employment is associated with nearly 3 percentage points increase in the

likelihood of a �rst trademark registration within 2 years of birth. Overall, Table 3 suggests that among �rms

that register a trademark, a larger size upon birth, which can be interpreted as higher quality, is associated

with a higher likelihood of trademark registration soon after birth, or alternatively, a shorter duration between

birth and �rst trademark registration.

TM_DURATION TM_LIKELIHOOD

OLS Probit OLS

Initial employment (ln) �0:1604��� 0:0810��� 0:0287���

(0:0102) (0:0034) (0:0012)

N 400; 000 400; 000 400; 000

R2 0:21 0:12

Notes: Standard errors clustered by industry in parentheses. Models include year and

6-digit NAICS industry dummies. TM_DURATION is the number of years from �rm birth

to �rst trademark registration, conditional on registering a trademark. TM_LIKELIHOOD

is an indicator of �rst trademark registration within 2 years of �rm birth. N is rounded

to prevent disclsoure of con�dential information.

Table 3. Initial �rm size and the duration until �rst trademark registration

5.2.4 Advertising and trademark registration

The model implies a positive connection between advertising expenditures, product quality, and the presence

of a trademark. Firms with a higher quality have higher returns to advertising, as their ads are more likely

to turn into sales. In addition, the marginal cost of advertising is lower at any level of advertising for �rms

that have trademarks, by assumption. Because �rms with trademarks have their customer bases protected

from stealing by other �rms, marginal return to advertising is also larger for such �rms. Therefore, �rms with

higher quality products and trademarks are expected to spend more on advertising.

Table 4 shows advertising intensity, de�ned as advertising expenditures as a percentage of value of ship-

ments, for manufacturing �rms that were born and observed in economic censuses during the period 1982-2012

(every �ve years). Firms are divided into two mutually exclusive groups: those that have a registered trade-

mark during that period versus those that do not. Advertising intensity for �rms with a trademark registration
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are investigated both during the period before the �rst trademark registration, and the period after. Average

advertising intensity for �rms without a trademark registration is about 0:17%. In contrast, for �rms with a

registered trademark advertising intensity is 0:31%; nearly double the intensity of �rms with no registration.

Furthermore, advertising intensity increases from 0:22% to 0:40% after trademark registration for �rms that

register a trademark. Note also that the pre-registration advertising intensity for �rms with a trademark

exceeds that for �rms with no registration. This observation is consistent with selection that arises in the

model: �rms that register trademarks tend to have higher quality products and are larger, implying that even

before registration they advertise more compared with the �rms that never register a trademark.

Firm type: Mean advertising intensity (%)

Entire Firm Life-Cycle Pre-Registration Post-registration

Firms with no trademark registration 0:1732 � �

(0:0004)

Firms with a trademark registration 0:3117 0:2254 0:4032

(0:0022) (0:0027) (0:0034)

Notes: Standard errors in parentheses. Advertising intensity is the ratio of advertising costs to total value

of shipments expressed as a percentage. The sample includes manufacturing �rms in census years 1982-2012.

Table 4. Mean advertising intensity by �rm type

The elasticity of advertising expenditures with respect to �rm size is also strongly related to whether a

�rm has a registered trademark. For manufacturing �rms that are observed in economic censuses 1982-2012,

the following regression was run:

ln(ait +
q
a2it + 1) = �N + �N ln sizeit + �PREDPRE + �PREDPRE ln sizeit

+�POSTDPOST ln sizeit + �i + � t +
X
j

�j

j
it + "it;

where ait is the cost of advertising as reported by the �rms, sizeit is either employment or value of shipments,

DPRE is a dummy variable that indicates pre-registration period for a �rm, DPOST is a dummy variable that

indicates post-registration period, �i is a �rm �xed e¤ect, � i is a year �xed e¤ect and 

j
it is a dummy variable

for �rm age j at time t: The inverse hyperbolic sine transformation of ait is used to account for cases when

a �rm reports zero advertising. The elasticity of advertising expenditures with respect to �rm size is given

approximately by �N for �rms with no trademark registration. Similarly, the coe¢ cients �PRE and �POST
measure the additional elasticity associated with �rms with a trademark registration for the periods before

and after registration, respectively. In other words, the elasticity of advertising expenditures for �rms with

a trademark registration is �N + �PRE for the period before registration, and �N + �POST for the period

following registration (including the year of registration).

The results obtained from estimating the above regression are in Table 5. Regardless of how size is

measured (employment or value of shipments), the estimated elasticity of advertising expenditures is higher

for �rms that have a trademark registration, both for the periods before and after registration. In particular, a

39



1% increase in value of shipments is associated with a 0:26% increase in advertising expenditures for �rms with

no trademark registration. The estimated elasticity is 0:37% ( = 0:21%+0:16%) for �rms with a registration

for the period before the registration. The estimated elasticity is even higher, 0:52% (= 0:21% + 0:31%) for

�rms with a registration for the period after the registration. Similar di¤erences in the estimated elasticities

are observed when employment is used as the measure of �rm size. The patterns in Table 5 are consistent

with the model in the sense that advertising expenditures increase with �rm size, and does so more steeply

for �rms with trademark registration, both before and after registration.

ln ait (log advertising cost)

size measure : Value of Shipments Employment

ln sizeit 0:2627��� 0:2174���

(0:0021) (0:0021)

DPRE ln sizeit 0:2087��� 0:1639���

(0:0111) (0:0107)

DPOST ln sizeit 0:3883��� 0:3197���

(0:0120) (0:0094)

N 1; 030; 000 1; 030; 000

R2 0:54 0:53

Notes: Standard errors clustered by �rm in parentheses. Regressions include

�rm �xed e¤ects, �rm age dummies, and year dummies. N is rounded to

prevent disclosure of con�dential information.

Table 5. The relationship between advertising expenditures and �rm size

5.2.5 Trademarks and industry concentration

Table 6 investigates the connection between the intensity of trademark presence in an industry and industry

concentration using regression analysis. For each year in the period 1982-2012, the dependent variable, indus-

try concentration, is measured by the (log) Hirschman-Her�ndahl Index (HHI) based on employment at the

6-digit NAICS industry level. The main independent variable, trademark intensity, is measured alternatively

by the number of registered trademarks per �rm and the total number of registered trademarks. The regres-

sions control for average trademark age (as measured by the number of years from registration), the number

of �rms in the industry, and the average �rm age within an industry, in addition to the industry �xed e¤ects

and year dummies.

In all speci�cations in Table 6, a positive and statistically signi�cant association emerges between industry

concentration and trademark intensity, whether it is measured by the number of trademarks per �rm or the

cumulative number of trademarks in the industry, though the former has a much stronger association. Note

also that the average age of trademarks is also positively associated with industry concentration, while the
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number of �rms and average �rm age are negatively associated with concentration. The positive relationship

between average trademark age and industry concentration is consistent with �rst-mover advantages, whereas

the negative association between average �rm age and industry concentration may indicate the e¤ects of

new �rm entry in older industries. The negative connection between the number of �rms and industry

concentration is in part driven by the de�nition of HHI� an increase in the number of �rms with an equal

share of industry employment for each �rm implies lower concentration.

lnHHIit (industry concentration of employment)

I II III IV

trademarks per �rm (ln) 0:0850��� 0:0814���

(0:0074) (0:0073)

total trademarks (ln) 0:0199��� 0:0278���

(0:0021) (0:0021)

average trademark age (ln) 0:0123��� 0:0122���

(0:0017) (0:0018)

number of �rms (ln) �0:0354��� �0:0600���

(0:0031) (0:0037)

average �rm age (ln) �0:0418��� �0:0460���

(0:0075) (0:0078)

N 32; 000 32; 000 32; 000 32; 000

R2 0:12 0:05 0:16 0:13

Notes: Standard errors clustered by industry in parentheses. Regressions include 6-digit

NAICS industry and year �xed e¤ects. N is rounded to prevent disclosure of

con�dential information.

Table 6. The relationship between trademark intensity and industry concentration

6 Conclusion

A model of trademarks and �rm dynamics is developed to study the aggregate implications of trademark

protection in the U.S. economy. The model highlights the key role of trademarks in the provision of quality

by reducing informational costs between �rms and consumers, and protecting the erosion of a �rm�s customer

base through imitation and infringement. The model generates endogenous quality and price dispersion.

There is selection associated with trademark registrations. Trademarks are registered by �rms with higher

quality products and those whose products are infringed or imitated. There are also treatment e¤ects. A �rm

that registers a trademark is less likely to exit and grows faster, compared to the case with no registration.

The model also indicates that �rms�marketing activities depend on its product quality and the presence

of a trademark. Equilibrium entails a variety of �rm types: �rms that trademark immediately upon entry,
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those that do so later, those that trademark only when an imitation or infringement of their product occurs,

and those that never do (even when imitated or infringed). The model also suggests that higher trademark

activity increases concentration among �rms.

The model�s implications are tested using new data on trademark registrations by all employer businesses

in the United States. Many implications of the model �nd support. The model is calibrated using the

key features of the U.S. economy and trademark activity. Several experiments are conducted based on

the calibrated model. The analysis suggests that a reduction in informational frictions between �rms and

consumers leads to higher trademark activity and concentration, and a removal of trademark protection in

the economy reduces welfare.

References

[1] Acemoglu, Daron, Akcigit, Ufuk, Alp Harun, and Nick Bloom. �Innovation, Reallocation and Growth�

American Economic Review, 2018, 108(11): 3450-3491.

[2] Acemoglu, Daron, and Dan Cao. �Innovation by Entrants and Incumbents�, Journal of Economic Theory,

May 2015, 157, pp. 255�294.

[3] Aghion, Philippe, Deaton, Angus, Akcigit, Ufuk, and Alexandra Roulet. �Creative Destruction and

Subjective Well-Being,�American Economic Review, 2016, 106(12): 3869-3897.

[4] Akcigit, Ufuk, and Qingmin Liu. �The Role of Information in Innovation and Competition,�Journal of

the European Economic Association, 2016, 14(4): 828-870.

[5] Akcigit, Ufuk, and William Kerr. �Growth through Heterogeneous Innovations,� Journal of Political

Economy, 2018, 126(4): 1374-1443.

[6] Arkolakis, Costas. 2010. �Market penetration costs and the new consumer margin in international trade�,

Journal of Political Economy 118(6): 1151-1199.

[7] Arora, Ashish, Bei, Xiaoshu, and Wesley M. Cohen. 2016. �Why Firms Trademark (or not): Evidence

from the U.S. Trademark Data�, Working paper, Duke University.

[8] Bagwell, K. and Riordan, M. H. (1991). High and declining prices signal product quality. The American

Economic Review, 81(1):224�239.

[9] Baroncelli, Eugenia, Carsten Fink, and Beata S. Javorcik. 2005. �The Global Distribution of Trademarks:

Some Stylized Facts.�The World Economy, 28: 765-782.

[10] Block, Jorn, Christian Fisch, Alexander Hahn, Philipp Sandner. 2015. �Why do SMEs File

Trademarks? Insights from Firms in Innovative Industries�, Research Policy, 44: 1915-1930.

http://dx.doi.org/10.1016/j.respol.2015.06.007.

42



[11] Cabral, Luis. 2012. �Reputation on the Internet�, in M. Peitz and J. Waldfogel (Eds), The Oxford

Handbook of the Digital Economy, Oxford, UK: OUP, 343-354.

[12] Cabral, Luis, and Ali Hortacsu. 2010. �The Dynamics of Seller Reputation: Evidence from eBay�, Journal

of Industrial Economics, 58: 54-78.

[13] Cabral, Luis. 2005. �The Economics of Trust and Reputation: A Primer�, Monograph in progress, New

York University (available at http://pages.stern.nyu.edu/~lcabral/reputation/Reputation_June05.pdf)

[14] Cavenaile, Laurent and Pau Roldan. 2018. �Advertising, Innovation and Economic Growth�, Working

Paper, Bank of Spain.

[15] Chan, Y.-S. and Leland, H. (1982). Prices and qualities in markets with costly information. The Review

of Economic Studies, 49(4):499�516.

[16] Cooper, Russell and Thomas Ross. 1984. �Prices, Product Qualities, and Asymmetric Information: The

Competitive Case�, Review of Economic Studies, 51(2):197-207.

[17] Daughety, A. F. and Reinganum, J. F. (2007). Competition and con�dentiality: Signaling quality in a

duopoly when there is universal private information. Games and Economic Behavior, 58(1):94�120.

[18] Daughety, A. F. and Reinganum, J. F. (2008). Imperfect competition and quality signalling. The RAND

Journal of Economics, 39(1):163�183.

[19] Davis, Steven, Haltiwanger, John, and Scott Schuh. 1996. Job Creation and Destruction. Cambridge,

MA: The MIT Press.

[20] Decker, Ryan, John Haltiwanger, Ron S. Jarmin, and Javier Miranda. 2016. �Where Has All the Skewness

Gone? The Decline in High-Growth (Young) Firms in the U.S.�, European Economic Review, 86: 4-23.

[21] Dinlersoz, Emin, and Mehmet Yorukoglu. 2012. �Information and Industry Dynamics�, American Eco-

nomic Review, 102: 884-913.

[22] Economides, Nicolas. 1988. �The Economics of Trademarks�, The Trademark Reporter, 78: 523-539.

[23] Economides, Nicolas. 1998. �The Economics of Trademarks�, The New Palgrave Dictionary of Economics

and the Law, Peter Newam (ed.).

[24] Fazio, Catherine, Jorge Guzman, Fiona E. Murray, and Scott Stern. 2016. �A New View of the Skew: A

Quantitative Assessment of the Quality of American Entrepreneurship�, In Kau¤man Foundation New

Entrepreneurial Growth, Kansas City, MO: February 2016.

[25] Flikkema, Meindart, Ard-Pieter De Man, Carolina Castaldi. 2014. �Are Trademark Counts a Valid

Indicator of Innovation? Results of an In-Depth Study of New Benelux Trademarks Filed by SMEs�,

Industry and Innovation, 21: 310-331.

43



[26] Gilbukh, Sonia and Pau Roldan. 2018. �Firm Dynamics and Pricing under Customer Capital Accumu-

lation�Bank of Spain Working Paper #1838.

[27] Gourio, Francois and Leena Rudanko. 2014. �Customer Capital�, Review of Economic Studies, 81, Vol.

3.

[28] Graham, Stuart, Galem Hancock, Alan Marco, and Amanda F. Myers. 2016. The USPTO Trademark

Case Files Dataset: Descriptions, Lessons, and Insights.

[29] Greenhalgh, C., M. Longland, and D. Bosworth. 2003. �Trends and Distribution of Intellectual Prop-

erty: U.K. and European Patents and U.K. Trade and Service Marks, 1986-2000.�Report for the U.K.

Intellectual Property O¢ ce.

[30] Greenhalgh, C., and M. Rogers. 2008. �Intellectual Property Activity by Service Sector and Manufac-

turing Firms in the U.K., 1996-2000.�The Evolution of Business Knowledge, Oxford University Press.

[31] Heath, Davidson and Christopher Mace. 2017. �What�s a Brand Worth? Trademark Protection, Pro�ts

and Product Quality�, Working Paper, University of Utah.

[32] Jensen, P. H. and E. Webster. 2004. �Patterns of Trademarking Activity in Australia.�Australian Intel-

lectual Property Journal, 15: 112-126.

[33] Jensen, P. H. and E. Webster. 2006. �Firm Size and the Use of Intellectual Property Rights.�Economic

Record, 82: 44-55.

[34] Kortum, Samuel, and Josh Lerner. 1998. �Stronger Protection or Technological Revolution: What is

behind the Recent Surge in Patenting?� Carnegie-Rochester Conference Series on Public Policy, 48:

247-304.

[35] Landes, William, and Richard Posner. 2003. The Economic Structure of Intellectual Property Law. Cam-

bridge, Mass.: Harvard University Press.

[36] Landes, William and Richard Posner. 1988. �The Economics of Trademark Law,�The Trademark Re-

porter, 78: 267-306.

[37] Landes, William and Richard Posner. 1987. �Trademark Law: An Economic Perspective,� Journal of

Law and Economics, 30: 265-309.

[38] McDevitt, Ryan. 2014. �"A" Business by Any Other Name: Firm Name Choice as a Signal of Firm

Quality�, Journal of Political Economy, 122(4): 909-994

[39] McDevitt, Ryan. 2011. �Names & Reputations: An Empirical Analysis�, American Economic Journal:

Microeconomics, 3(3): 193-209.

[40] Rogerson, W. P. (1988). Price advertising and the deterioration of product quality. The Review of

Economic Studies, 55(2):215�229.

44



[41] Schwartz, A. and Wilde, L. L. (1985). Product quality and imperfect information. The Review of Eco-

nomic Studies, 52(2):251�262.

[42] Sandner, Philipp. 2009. �The Identi�cation of Trademark Filing Strategies: Creating, Hedging, Modern-

izing, and Extending Brands.�The Trademark Reporter, 99: 1257-1298.

[43] Sandner, Phillipp and Joern Block. 2011. �The Market Value of R&D, Patents, and Trademarks.�Re-

search Policy, 40: 969-985.

[44] Wolinsky, A. (1983). Prices as signals of product quality. The Review of Economic Studies, 50(4):647�658.

45


