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Abstract

Policy-makers are concerned that firms at the technological frontier are proac-
tively blocking the entry and distorting knowledge diffusion for defensive pur-
poses, leading to further market concentration and a productivity slowdown.
Should these defensive practices be banned? To answer this question, I consider
a heterogeneous firm model of technology adoption, wherein firms strategically
compete both in the production and innovation activities. Importantly, firms can
invest in two types defensive practices, those that deter the entry in the industry
and those that slow down the catch-up of the laggards. I calibrate my model to
the 2015 U.S. economy. My quantitative analysis suggests that cracking down
on firms’ defensive practices reduces endogenous productivity by 1.27 percentage
points. Conversely, the model predicts that competition policies that only tackle
defensive practices that reduce the catch-up improves the endogenous productiv-
ity by 0.61 percentage points.
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1 Introduction
“Success doesn’t mecessarily comes from breakthrough innovation but
from flawless execution. ... the win comes from basic blocking and

tackling. 7 Jain Naveen!

Market concentration has been increasingly becoming a common feature across
developed economies, with a small number of superstar firms taking up a substan-
tial market share and charging high markups.? This has caused policy-makers to
question the potentially anti-competitive nature of superstar firms, scrutinizing,
for instance, their defensive practices that distort knowledge diffusion and make
difficult for competitors to innovate against.®> Should these defensive practices
be banned? I argue otherwise in this paper.* I develop a quantitative model of
oligopolistic competition with technology adoption and I calibrated to the U.S.
economy. [ show that cracking down on defensive practices decreases the en-
dogenous productivity by 1.27 percentage points and it increases consumption
and investment respectively by 0.2 and 4.68 percentage points. Where does this
ambiguity come from? On the one hand, imposing restrictions on firms’ ability to
control their dominant position improves the technology adoption and knowledge
spillover, allowing more laggard firms to catch-up and compete against frontier
firms. This creates more industries that are characterized by a neck-to-neck at
the technological frontier. On the other hand, more competition implies that
firms’ ability to appropriate the profits generated by innovation is limited, which
in turn discourages firms to improve the technology and to develop new products.
My model has the following features distinct in the literature. Firstly, each indus-
try is populated with a finite number of leaders and followers who strategically
compete both statically in the production (a la Cournot) and dynamically in the
innovation activities, playing contests in the spirit of Loury (1979). Secondly,
leaders’ innovation generates technology spillovers toward followers to catch-up

and toward entrants by improving their potential available technology. Neverthe-

1Jain Naveen, 10 Secrets of Becoming a Successful Entrepreneur, INC. (August 13, 2012).

2See, for example, De Loecker et al. (2020), Autor et al. (2020), for seminal works.

3Strategic patenting is a prime example of this and Akcigit and Ates (2019) provide evidence of the use
of patents to shield from imitators. See the statement of the Congressman, David Cicilline, Chairman of the
U.S. House Antitrust, Commercial, and Administrative Law Subcommittee, in 2019.

4See the statement of Senator Elizabeth Warren, in March 2019 for her argument advocating to break
up the big tech companies and the article of Feiner, Lauren. “Lina Khan's FTC takes a first step toward
expanding antitrust enforcement.” CNBC. 10 August 2021.


https://www.inc.com/naveen-jain/10-secrets-of-becoming-a-successful-entrepreneur.html
https://www.cicilline.com/big-tech
https://www.cicilline.com/big-tech
https://medium.com/@teamwarren/heres-how-I-can-break-up-big-tech-9ad9e0da324c
https://www.cnbc.com/2021/07/01/lina-khans-ftc-takes-first-step-to-expanding-antitrust-enforcement.html
https://www.cnbc.com/2021/07/01/lina-khans-ftc-takes-first-step-to-expanding-antitrust-enforcement.html

less, leaders can also influence the extent of technology spillovers by conducting
two types of defensive practices. First leaders can implement defensive prac-
tices that reduce the probability of catch-up of the followers. Second, leaders
can implement defensive practices that reduce the probability of the entry of an
additional follower. For them, productivity improving and defensive intangible
investments pair with complementarity. Thirdly, the model features two types of
entry of firms. A new firm can either enter the incumbent industry as a follower
or create a new technology to produce a new product and enter the new market-
place as a leader®.

The baseline model is calibrated to U.S. economy. The model performances well
in matching both the elasticity of intangible investment intensity with respect
firm size, the average and dispersion of firms’ market share build on the mea-
sures of product similarity of Hoberg and Phillips (2016), as well as the defensive
intensity proxied by the share of patent citation that cite patents already existing
within firms as stated in Akcigit and Ates (2019). Within this framework, this
paper draws five main contributions to the study on the firm-level and macroe-
conomic implications of firms’ defensive investment.

First, the model shows that cracking down on firms’ defensive practices affects
endogenous productivity through two channels. First It raises within industry
competition for two reason. Firstly, there are no anymore barriers on entry that
make difficult for firms to enter the incumbent industries as additional followers.
Secondly the number of firms at the industry technology frontier increases since
followers can now easily copy the technology of the leaders. This creates more
industries that are characterized by a neck-to-neck at the technological frontier.
Furthermore it reduces firms’ market power and the dispersion of the firm size
distribution by respectively 3.73 and 50 percentage points. As a result, the pro-
ductivity of the followers raises by 0.62 percentage points. On the other hand,
the model shows that the lack of the appropriability reduces the innovation of
both the leaders to improve their technology and potential entrepreneurs to cre-
ate new products. More specifically the productivity of leaders and the product
variety fall respectively by 0.75 and 9.78 percentage points. The model shows
that the latter effect is stronger than the former. As a result, preventing firms

from investing in defensive practices reduces firms’ productivity by 0.5 percent-

°In the spirit of Hoberg and Phillips (2016), I refer to an industry as the set of firms that operate in the
same marketplace, whose choices mutually affect each other decisions and pay-offs. In the paper I use the
words industry and market-place interchangeably.



age points that together with the fall in the product variety translate into a loss
of 1.27 percentage points in the endogenous productivity.

Second, the paper shows that cracking down firms defensive practices increases
both aggregate consumption and investment by respectively 0.19 and 4.68 per-
centage points. Given the lower endogenous productivity of the economy without
defensive practices, the raise in the aggregate output is explained by the large
number of firms that populate the economy. However, the raise in consumption
is not enough to compensate the raise in labor and the consumption equivalent
utility falls by 0.63 percentage points.

Third, the paper reveals that a competition policy that only precludes the possi-
bility of implementing defensive practices that reduce the probability of catch-up
improves the endogenous productivity relative to the economy with both defen-
sive practices. The reason is twofold. First, it does not cause a dramatic reduc-
tion in the product variety in the economy. Second, it improves the technology
adoption of the firms. In particular, it incentivises the leaders’ innovation in
industries characterised by high productivity gap between leaders and followers.
The raise in the degree of competition compensates the fall in the incentive of the
leader’s innovation due to the lack of appropriability. Intuitively, especially in
industries where leaders have a high productivity advantage with respect to the
followers, defensive practices that limit the catch-up generate a strong reduction
in the competition at the technology frontier that reduces the innovation. As a
results, competition policies that achieve the removal of such defensive practices
increase the productivity of both leaders and followers respectively by 0.63 and
1.34 percentage points relative to the baseline economy. The improvement in the
firms’ technology adoption leads to an increase in the endogenous productivity
and consumption respectively by 0.61 and 1.48 percentage points. Furthermore
this competition policy increases the consumption equivalent welfare by 1.39 per-
centage points.

Why does defensive practices that govern entry improve endogenous productiv-
ity? The reason is that the higher market power due to the reduction in entry is
compensated by the raise in the innovation of leaders and potential entrepreneurs.
Furthermore, defensive practices that deter the entry do not affect the catch-up
of the incumbent followers. In other words, defensive practices that limit the
entry incentivise leader’s innovation without preventing the catch-up of the in-
cumbent followers.

Fourth, I show that models that do not take into account the channel of product



variety would predict that the economy without defensive practices has the high-
est endogenous productivity. Intuitively, the fall in firms’ market power more
than compensates the worse firm’ technology adoption relative to the economy
with only defensive practices that deter the entry.

Finally, the defensive practices that limit the entry always lead to the highest
endogenous productivity relative to the the economy without it. More specif-
ically, in economies of low product substitutability limiting the entry leads to
an improvement in the product variety that more than compensates the worse
technology adoption and the higher market power relative to the economy with-
out it. In case the economy is characterised by a high product substitutability,
the competition policy that allows firms to deter the entry generates the highest
endogenous productivity since it provides the best technology adoption.
Related literature The theoretical ambiguity of the macroeconomic effect of
firms’ defensive behavior is associated with the non-monotonic relationship be-
tween competition and innovation as shown in Aghion et al. (2005). The con-
cept retraces to Schumpeter (1976) that argues that the innovation activities are
driven by the expectation of monopolistic rents, and consequently, high com-
petition may weaken the incentive to innovate. Hence, defensive behavior may
promote innovation by spurring the introduction of more productive technolo-
gies in the incumbent industries and the development of new technologies to
produce new products, because it reduces the knowledge spillovers and increases
the innovator’s ability to appropriate the profits generated by the innovation®.
Conversely, Arrow (1962) argues that monopolists lack the incentive to inno-
vate because they already enjoy supernormal profits. My model reproduces the
inverted-U relationship between the industry’s expected R&D intensity and the
competition level approximated with the Herfindahl index, mimicking the evi-
dence in Aghion et al. (2005). This quadratic relationship is built on the different
correlations between the market share and concentration that leaders and follow-
ers have. Both leaders and followers show that firm’s R&D intensity is negatively
correlated with market share, supporting the studies of Akcigit and Kerr (2018)
and Akcigit (2009), but leaders’ market share is positively correlated with the
concentration. Indeed, in high concentrated industries, leaders do not invest in

R&D because the technology spillovers are high, and they massively invest in

6As in Acemoglu and Akcigit (2011), the trickle-down incentive is indispensable for designing intellectual
policy right (IPR) system. Greater protection to firms that have greater leads improves the incentives of
innovation both to technologically advanced firms and to firms with limited leads because of the prospect of
reaching levels with higher technology protection.



defensive practices to maintain their competitive advantage.

This paper is inspired by the idea that firms compete concurrently in the product
market and innovation activities, as well as in the implementation of practices
to defend their advantage that retraces to Stigler (1971) that argues that reg-
ulation is acquired by the industry and is designed and operated primarily for
its benefit”. Later, this concept was formalised by Krusell and Rios-Rull (1996)
that develop a model of long cycle of stagnation and growth. Over the cycle, the
incumbent producers use their political power to prevent new technologies from
being adopted until the incumbents are phase out of the economy. Following
this, Comin and Hobijn (2009) empirically show how lobbying activities affect
legislative authorities to erect entry barriers that significantly slow the speed of
diffusion of new technology and protect the incumbents. More recently, Zingales
(2017) presents a political theory of firm, based on the concept of Medici vicious
circle, in which market power is used to obtain political power inducing to addi-
tional market power. Gutiérrez and Philippon (2019) detect that the regulation
driven by lobbying induces the fall in the entry elasticity with respect to the
Tobin’s Q and in the growth of small firms relative to large ones in the U.S. Ak-
cigit et al. (2018) empirically study how political connections affect innovation
activities and firm dynamics. Cavenaile et al. (2021) show how advertisement is
welfare-improving because it enhances static allocative efficiency in the economy.
Moreover, macroeconomic studies have been investigating another tool used by
firms to defend their market position: the implementation of defensive and strate-
gic patents to prevent rivals from leapfrogging the market leaders. Shapiro (2000)
first considers this trend and described the patent thickets as a dense web of over-
lapping intellectual property rights that a company must overcome to actually
commercialize new technology®. Abrams et al. (2013) empirically estimate an
inverted-U relationship between citations and value of patents arguing that high
value of innovations create a greater incentive to protect them, which deters
downstream innovation and induces to a negative relationship between citations
and value above a threshold. Consistent with the previous study, Argente et al.

(2020) empirically show that market leaders are more patent intensive, but those

"For example Ota, Alan. “Disney In Washington: The Mouse That Roars” CNN. 10 August 2021.

8For example, a famous patent thicket of the car industry is the one built by Toyota around its hybrid
technology (Murphy, John. “Toyota Builds Thicket of Patents Around Hybrid To Block Competitors.” The
Wall Street Journal. 10 August 2021.). This practice is also substantially rooted in the pharmaceutical
industry (Lopez, lan. “Biden Vaccine IP Waiver Stance Offers Clue on Patent Office Pick.” Bloomberg
Law. 10 August 2021.).


https://edition.cnn.com/ALLPOLITICS/1998/08/10/cq/disney.html
https://www.wsj.com/articles/SB124640553503576637
https://www.wsj.com/articles/SB124640553503576637
https://news.bloomberglaw.com/health-law-and-business/biden-vaccine-ip-waiver-stance-offers-clue-on-patent-office-pick
https://news.bloomberglaw.com/health-law-and-business/biden-vaccine-ip-waiver-stance-offers-clue-on-patent-office-pick

patents are associated with declining product introduction of the competitors,
supporting the notion that market leaders use their patents to limit competition.
Ledezma (2013) shows defensive practices reduce the incentives to innovate. My
contribution consists in determining under which conditions the reduction of
knowledge spillovers improves the aggregate productivity in the economy.

This study is also related to the broader literature on the decline in business
dynamism, increasing difference between firms and market concentration. Ak-
cigit and Ates (2019) argue that the reduction business dynamism is due to the
declining knowledge diffusion from market leaders to followers due to the imple-
mentation of the defensive behavior that would prevent rivals from leapfrogging
the market leaders. Cavenaile et al. (2020) show the decline in productivity
growth is largely driven by the increasing costs of innovation. Feijoo-Moreira
(Feijoo-Moreira) show that the decline in the average size of innovations induces
a growth slowdown in a quality ladder growth model with provider-driven comple-
mentarity. Based on a cross-country comparison, Andrews et al. (2015) provide
evidence of the slow down of the technology diffusion between firms on the global
and national frontiers probably caused by the nature of new technologies and the
increasing importance of the use of data and tacit knowledge in production pro-
cesses. Grullon et al. (2019) state that the rise in concentration can be partly
explained by the weak anti—trust law enforcement toward large firms. Autor
et al. (2020) argue that the rise of concentration supports the Winner takes all
hypothesis where the most productive firms increase their market shares due to
higher competition driven by globalization. This study introduces an endogenous
mechanism to reveal the structural change may have raised the pervasiveness in
defensive behavior.

This paper is also inspired by the empirical literature on the recent trend of the
market power as De Loecker and Warzynski (2012), De Loecker et al. (2016),
De Loecker and Eeckhout (2018), Bank (2018), Van Reenen (2018) and Calli-
garis et al. (2018). Focusing on the U.S. economy, seminal papers on the rising
market power are Grullon et al. (2019), De Loecker et al. (2020), Autor et al.
(2020), Baqaee and Farhi (2020) and Kwon et al. (2021). My contribution is
to show how the defensive behavior contributes to the rise in concentration and
dispersion of the firms’ size and markup distribution.

This paper contributes to the literature that examines the macroeconomic impli-
cations of the entry dynamics such as Sterk et al. (2021).

Finally this study is also related with the literature that studies the dynamics of



competitive industries such as, Jovanovic and MacDonald (1994a), Jovanovic and
MacDonald (1994b), Eeckhout and Jovanovic (2002) and Klepper (2015), and it
introduces the strategic interaction and the defensive behavior. In addition, the
model is inspired by the empirical evidences provided by Bloom et al. (2013) that
showed that the technology spillovers are increasing in firms’ size.

The remainder of this study is organized as follows: Sections 2 and 4 present the
theoretical framework and the calibrated model, respectively; Section 5 examines
the effect of the competition policies , respectively; Section 6, I examine the role

of product variety; finally, Section ?? concludes the study.

2 Theoretical Framework

Time is discrete in infinite horizon. There is a continuum of heterogeneous indus-
tries. Each industry is populated by an endogenous finite number of oligopolistic
firms, leaders and followers, that embody different brands and compete a la
Cournot.

Each period comprises different sessions where oligopolistic firms implement in-
tangible investments to improve their idiosyncratic productivities and to prevent
competitors from entering the industry and the catch-up.

The model timing can be summarized as follows:

e Farly-Morning: Creation of new products by the potential entrepreneurs

that enter the new market-places as leaders.

e Mid-Morning: Firms invest to enter the incumbents industries as followers;
meanwhile the leaders implement defensive practices to reduce the proba-

bility that a new firm enters the industry.

e Late-Morning: followers invest in intangible goods to catch up the leaders of
the industry; meanwhile, leaders implement defensive practices to prevent
it.

e Farly-Afternoon: production.

o Mid-Afternoon: leaders invest to improve their productivities.

e Late-Afternoon: exit of the firms.

The model economy is presented as follows.

2.1 Environment
Preference. There is a representative household in the economy that maximizes

its lifetime expected utility U(C, L) where C' is consumption and L labor. The
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household invests in physical capital, K, that depreciates at rate ¢, and and she

owns all the firms in the economy.

Final Output. The final good, Y, is produced by a competitive firm using the

output of a continuum of industries y; for j € [0, M] as inputs subject to a CES

L AN
Y=</ y; " dj> : (1)
0

where 77 > 1 is the elasticity of substitution between industries.

production function:

Industry Output Each industry is populated by an endogenous finite number of
oligopolistic firms N;. The oligopolistic firms compete a la Cournot by choosing
the quantities to produce and they face an elastic demand curve.

Similarly, the industry output, y;, is produced by a competitive firm that uses
the output produced by the firms in the industries subject to a CES production

function:
N;

p=1 Tfl
) = (Zyz,; ) 2)
=1

where y; ; is the output produced by the oligopolistic firm ¢ in industry j. p > 7

is the elasticity of substitution between the firms in the industry.

Production in the Industries. In each industry j, two types of oligopolistic
firms exist: leaders, the most productive firms, and followers. Firms rent capital
stock, k, and hire labor, [ and produce using a constant-returns-to-scale Cobb-

Douglas production function:

L 1.0 11—« e .
B gkl it is a leader,
yig=q o ()
g,k it is a follower
where g;; € {e1,69,...... ,en<}, e¥ > &' is the relative productivity. So each

industry 7 is defined by:
(5, €7 nj,n})

where nZ and nf are the number of leaders and followers.



2.2 The day in the economy

Each period comprises different sessions where the oligopolistic firms implement
intangible investment to improve the productivity and to reduce the probability
of entry or catch-up of the competitors. The technology frontier of the economy
deterministically grows at the rate £&. The firm that fails to adopt newer tech-

nologies will experience a decline in the relative productivity.

Early Morning. There is a mass ¥ of potential entrepreneurs that invest z"
units of intangible good subject to the cost function C'(z")). In case the potential
entrepreneur succeeds, she creates a new technology to produce a new good with
the associated productivity V.

I can define the probability of succeed as: v
x

pY(«") = 10 (4)
where @ is a constant.
I assume that creating these new technologies allows the potential entrants to
enter this new industry as followers with a technology whose productivity is low-

est available in the economy.

Mid-Morning. In each industry N — N potential entrants invest x£ units of
intangible good subject to the cost function C' (xOE) ) in order to enter the industry
as an additional follower. Meanwhile, nJL leaders implement defensive practices
to prevent the entry of an additional competitor. In particular, leaders play a
public good game by choosing xﬁm units of defensive practices to reduce the
probability of entry of an additional follower subject to the cost C(z}; ).

The contest probability that an additional competitor enters as follower the in-

dustry j is:
_ xE
AP (XE XEY = A 70 _ (5)
707 70
7 Xh+Q XH+T
L Max _ nT. _ _
with XFy =S aF o, X = SN zf;0, @ and T' constant.

Late-Morning. nf followers play an innovation race by employing :171F ;1 units

F
Tija
lows the follower to become an additional leader in the afternoon. Meanwhile, nJL

of intangible good subject to the cost function C( ). Winning the contest al-

leaders implement defensive practices to prevent the firms’ catch-up. In particu-
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lar, leaders play a public good game by choosing xiL’j’l units of defensive practices
to reduce the probability that a follower becomes an additional leader subject to
the cost function C(zf; ;).

The contest probability that a follower moves up to the frontier of the industry
J is:

Q XF

1
XX = O )
POTIR T XE QT XE+T
L F
with X/ = 1xZL]71, X = R zf;,, T and Q constant.

Consequently, I can define the contest probability that the follower i investing

xf ;1 units of intangible good wins as:

F
T g1
ﬂ{j ( ZJ17XJLI’XF) (XJLI’XJFI) ijl (7)
and I can finally define the contest probability that a follower # i succeeds as:
L Xih =i,
REF(of0, Xh, X5 = 7T (Xh, XT) x SE 8

J)1

Early-Afternoon. Oligopolistic firms produce the output using a constant re-

turn to scale production function:

Yij = 2] kla]lzlja with Yijs li,j and k@j € RJr (9)

where [; ; and k; ; denote the labor and capital inputs of the leader (follower) 4

in the industry j.

Mid-Afternoon. After the production takes place, leaders play another contest
by employing a:L 2 units of intangible good to improve their productivity subject
to the cost function C(zF “io). The winner can enjoy a one-step increase of its
productivity. The implementation of the new technology allows the winner leader
to become the only leader in the industry the next period, to convert the other
leaders into followers, and to force the current followers out of the industry. In
case there is just one leader in the industry, the implementation of the new
technology simply allows the leader to increase its productivity gap with respect
to the followers.

Similarly, I define the probability that a leader wins the contest in industry j as:

I I X; 2

i 5

T X - 7 = 10
( ],2) ):;2 Q ( )

11



L
: L _ Nt oL
with X7 = > | 77,5, and Ry constant.

The probability of success for the leader #:

L
s R i j2
Trl (xiL,j,QvXjI:Q) = WL(XjL,Q) XJL ) (11)
j72
Finally, the probability of success for the leader # i :
ﬁ'll({L‘l XJI:Q) _ ﬁL(X][é) J,2 1,J,2 (12)

05,22 , T’
Late-Afternoon. In each period, firms leave the economy for three different rea-
sons in the late-afternoon. First, firms exit the industry when the productivity
of the leaders of the industry depreciates below a specific productivity thresh-
old. Second, in industries with multiple leaders, followers are forced to leave the
industry in case there is one leader innovates in the contest of mid-afternoon.
Third, each industry faces an exogenous probability of destruction ¢ that shut

down the entire industry.

3 Equilibrium
3.1 Household

I assume that the representative household’s period utility is the result of indi-
visible labor (Rogerson (1988)) U(C,1—L) = logC'+ k(1 — L) with x > 0, as the
labour disutility parameter and the preference specification allows for balanced
growth. The household discounts the future utility by a subjective discount fac-
tor, [3.

I can now derive the following optimality conditions:

1 1
1
E’UJ = K, (14)

3.2 Production

I can formalize the problem of the competitive firm producing the final good as

follows:
M

maXY—/ p;y;dj (15)
0

Yj

n

M (n—1) n—1
subject to Y = fo y, " dj

The firm maximization problem induces the inverse demand function for the

12



output of the industry j:
Y e
n=(%) (16

Similarly, the maximization problem of the representative firm producing the in-

dustry output can be formalised as follows:

N
max - pyy - > pigvii (17)
" i=1

N, 2=
subject to y; = (21] (T )
) <Zl pz,] >

The inverse demand functions for the firm ¢ in 1ndustry VE
1 —1

The oligopolistic firms compete a la Cournot in the industry. Each firm 7 in

industry j solves the following maximization problem:
l(f) (6 8 nL TLF) = max (pi,jyi,j — U)l@j — Rk@j) (19)
Yij ki gili,j

subject to  y;; = (f)k:za]llljo‘ with y; ;, [, ; and k; ; € R4,

pii= ()" (57

3.3 Contests

I assume that firms use labor to produce units of intangible good. In particular, I
assume that  units of labor can produce /21 units of z units of intangible good,

such that the cost functions have the following form:

Early-Morning. Let V'V and V' be the value of creating a new product and

the value of being leader in a industry in the mid-morning. The potential en-

13



trepreneur’s optimization problem can be formalised as follows:

v _ W, yi2 Ty
14 —H;@X—E(x ) +mVO( ,€0,1,0) (20)

Mid-Morning. Let V¥ and V' be respectively the value of being leader and
the value of being follower in the late-morning.

The potential entrant optimization problem can be formalised as follows:

V(P e nh 0" = max 2 (af)? + 77 (XF, XF 2V (€5, 4 1)

xo
(21)
The last term of the equation 20 term reflects the value of being an additional
follower of the industry in the late-morning.

The leader optimization problem can be formalised as follows:

V(e e nt n) = o — (k)2 + [ (X XE ab)VEHER et + 1)+

xO
(1 — 7P (X X al)ViE(EP, €7 nb, )]
(22)
The first term within the square brackets represents the value of continuing to
be a leader in the late-morning without the entry of an additional follower. The
second term indicates the value of being a leader in the in the late-morning in

the case an entrant becomes an additional competitor.

Late Morning. Let V,l' and V" be respectively the value of being leader and
follower in the early afternoon.

The leader’s optimization problem can be recursively formalised as follows:

V(" et nT) = max—< (@) + [#f (af, XT )V (527 n? + 10" — 1)
xl

+(1 =) (21, X7, 2f))Va (e, e, nt ")

(23)

The first term within the square brackets represents the value of continuing to
be a leader in the afternoon with the unchanged industry. The second term indi-
cates the value of being a leader in the afternoon in the case a follower succeeds

and becomes an additional leader of the industry.

Proposition 1. Given XTI, let x1* be a symmetric equilibrium of the game rep-

resented by the recursive maximization problem 23, then
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o xl* is increasing in [V (el et’, nt nt) — Vil (el el' nt + 1,0 —1)]
o xl* is increasing xf

o 2 is unique.

Proof: see appendix A.1.

Proposition 1 shows that the incentive of the leaders in implementing defensive
practices has two drivers: protecting rent and credible threat . The first driver
highlights the fact that the equilibrium quantity of defensive practices, z*, is
increasing in the return that leaders have from preventing the catch-up: leaders
with large market shares produce more defensive practices. The credible threat
effect shows as the equilibrium quantity of defensive practices is increasing in the
level of effort of the followers: when the effort of the followers is high, leaders
increase their investment in defensive practices.

I can now recursively define the optimization problem of the follower as:

YxXP) {(1 AVE (k&P )

VE(@ER e nt nf) = max —
XFel0,00)

(24)
+ 7 FVE (el ef nt 1,0 — 1) + 7V (ER e ont 1,0t — 1)}

The first term inside the brace represents the value of continuing to be a follower
in the afternoon when no follower succeeds. The second term indicates the value
of continuing to a be a follower in the afternoon when another follower becomes
an additional leader. The third term represents the value of winning the contests

and becoming an additional leader in the afternoon.

Proposition 2. Given z¥, let ™ be a symmetric equilibrium of the game rep-
resented by the recursive maximization problem 2/, then

o ™ is increasing in ViF (¥, et" n* + 1,nf" — 1) — VI (el eF' nl nl")
o XTI isincreasing in ViE (el et nt +1,nf —1) = ViF (el el nt +1,nF" — 1)

o ™ is decreasing x*

o given x¥, 2™ is unique.
Proof: see appendiz A.2.

Proposition 2 shows that the incentive of the followers in investing in intan-
gible goods is affected by the return of being leader and the probability of being
blocked. First, the equilibrium quantity of intangible goods chosen by followers,
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XFis increasing in the return of becoming leader: if the productivity at the
technology frontier is high, then the followers increase their effort. Moreover, the
probability of being blocked indicates that the equilibrium quantity of intangible
goods chosen by followers is decreasing in the total units of defensive practices
implemented by leaders: if the probability of being blocked is high, the marginal

return of the investment is low.

Proposition 3. The game, represented by the recursive mazximization problems
28 and 24, admits a unique symmetric equilibrium (zF**, zf**).

Proof: see appendix A.3.

The intuition of proposition 3 is straightforward. The leaders’ symmetric
equilibrium of defensive practices is increasing in the total intangible investment
chosen by the followers. Conversely, the symmetric equilibrium of the followers
is decreasing in the quantity of defensive practices implemented by leaders.
Finally Proposition 1, 2 and 3 can be directly applied to show that the contest
of the mid-morning has a unique symmetric equilibrium taking into account that

the entrant that fails the entry leaves the economy forever.

Afternoon. Then, the leader’s optimization problem can be recursively for-
malised as follows:
‘/2[1(5[17 8F7 nLa nF) = Inax 7TL(€L7 €F7 nL7 nF) - C("Lé/) + B(l - ¢)

L
yvaQ

(RS AV 2 ) 5 )V ) (o)
(1= 74 bV, )}

The leader optimally chooses the level of output to produce, the units of intangi-
ble good to maximize the sum between the firm’s current profit and the expected
discounted continuation value of the early-morning conditional on the fact that
the industry does not exogenously disappear from the economy with (1—¢) prob-
ability. The first term of the expected continuation value represents the value of
winning the contest. After winning the contest, the leader improves his produc-
tivity by one step. The second term of the expected continuation value indicates
the value of loosing the contest. The third term represents the value of being
leader the next morning when no leader succeeds. Leaders that do not innovate

such as followers will experience a one step decline in their relative productivity.
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Proposition 4. Let xX* be a symmetric equilibrium of the game represented by

the recursive mazximization problem 25, then

o z* is increasing in [VF (e, F’,nL,nF) — Vi (el el nt, nt)]
o X% is increasing in [V (Y, et nt nt) — VI (b, eF nk, nh)]

o z* is unique.

Proof: see appendiz A.4.

Proposition 4 shows that the incentives of the leaders in investing in innova-
tion has two drivers: escape from competition and loss of competitiveness. The
loss of competitiveness indicates that the equilibrium quantity of the intangible
investment, x%, is decreasing in the value of continuing to be a leader with a
one period depreciated technology. The escape from competition reveals that the
choice of the intangible investment is decreasing in the value of becoming a fol-
lower.

Similarly, the follower optimization problem can be recursively defined:

Vi (e" et n") = maxrf (¥, e n* n") + B(1 - ¢)
?/1

26
(R0 ) 4 (1= M)V e )} .
In 26, the follower optimally chooses the level of output to maximize the its profit.
The follower does not participate in the contest of the afternoon.
If eF' > ¢y, the follower will experience a decline in productivity. If the productiv-
ity of the leaders ¥ falls below the &, then the industry endogenously disappears.
Finally, I assume that if ¢/ = ¢y and €% > ¢, the follower will benefit from a

positive externality of the leaders’ technology and she continues to maintain the

same relative productivity &g.

3.4 Balanced Growth and Equilibrium
I focus on the Balanced Growth Path (BGP) Markov perfect equilibrium, where
equilibrium strategies depending only on the payoff-relevant state variable

(LF L F)

e~ e’ ,n"”,n") and all aggregate variables growing at the same rate &.

At the beginning of each period, an industry is defined by its state vector
(el el', nt n!"); productivity of leaders e € E, productivity of followers " € E,
number of leaders n* € N*, and number of followers n’" € N°. I summarize the

distribution of firms by a probability measure, u(ef, e¥, n*, n*'), which is defined
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on a Borel algebra S = E x E x Nt x NO.Let p?(el, e, nf n") be the time

invariant distributions of industries in the late—afternoong.

A stationary equilibrium is a set of prices (R, w,p", p!), a set of allocations

(Y,C, K,yL, y"), policies (zV, 2k, 2¥ 2zl 2" 2L), such that:

1. Given prices, the competitive final and industry good producers maximize

their profits.

2. Given (e, e, nl n'"), y* and y" maximize profits of the oligopolistic firms

in the industries.
3. ¥ maximizes the valuefo of the potential entrepreneur in the morning V'V.

4. Given X} and X, 2 maximizes the mid-morning value of the potential

entrant V.
5. Given XF and X/, r} maximizes the mid-morning value of the leader V.

6. Given X} and X[, z!" maximizes the value of the follower in the late-

morning V/I".
7. Given X and X, 2F maximizes the value of the leader in the late-morning
Vit
8. Given X SE, xl maximizes the value of the leader in the afternoon V.
9. Given prices, C' satisfies 14.
10. The real interest rate R = %‘5 +6—1.

11. Resource constraint is satisfied:

Y =C+0K,
where:

o K= [(n" 4 nf )2 v (d]eh x e ot x nf))
L

12. The distribution of firms, p?(e’, e n’ n'"), is the fixed point where their

vV L L F L
transition follow the policy functions, (zV,zf, zf, ol oI zL).

4 Calibration

The model is calibrated to the U.S. economy at annual frequency. The discount

factor, (3, is set to have an annual interest rate of 3% as in Sedlacek (2020). T set

9Note that the technology frontier is the only source of growth. Only firm-level and aggregate employment
are stationary. All other variables can be stationarized by dividing them with & y-.
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Table 1: Calibrated Parameters.

Parameter Value Description Target & Source Data  Model
B 0.97  Discount factor Annual Real interest rate, Sedlacek (2020) 3% 3%
K 2.2 Leisure utility Total hours worked, Sedlacek (2020) 0.33 0.33
) 0.1  Depreciation rate Sedlacek (2020) 10% 10%
¢ 0.04  Exogenous exit probability Entry Rate, Sedldcek (2020) 11%  11.90%

Ag 0.018  Growth of Technology Frontier Average productivity growth, Sedldcek (2020) 0.018 0.018
@ 0.5 EL of output w.r.t. capital Capital/Output, Senga(2018) 2.30 2.30
n 3.8  EL sub. across industries Bilbiie et al. (2012)

T 0.27  Productivity of follower’s Intangible Investment St.Dev. of Intangible Investment, Compustat 2001-2018 1.56 1.85
Q 0.13  Productivity of leader’s Intangible Investment  St.Dev. of Firms’ Size, Compustat 2001-2018 2.41 2.24
e €0  Productivity of the new Variety Share of Investment Investment over Output, Compustat 2001-2018  7.73 7.50

the preference parameter of labor disutility, s, to get the average hours worked
of 0.33. The depreciation rate, J, is set to 0.1, as in Sedldcek (2020). The pro-
duction parameter, «, is set to be consistent with the average capital to output
ratio of 2.3 in the postwar US economy, as in Senga (2015).

I assume almost perfect substitutability between the varieties within the indus-
tries and I set the parameters that governs the elasticity of substitution, p, to
100. The destruction probability, ¢, is set to match the entry rate as in Sedlacek
(2020). I set the parameters that governs the substitutability between industries,
n, to 3.8 following Bilbiie et al. (2012).1 set the mass of potential entrants > to
have the total mass of industries M equals to 1. The growth of the frontier tech-
nology & targets the average labor productivity as in Sedlacek (2020).

To set the remaining parameters I construct a panel dataset of firm-level in-
tangible investment and sale based on data from Compustat databases. Using
Standard Industry Classification (SIC) codes, I exclude firms in the oil, energy

and financial sectors.!.

I eliminate sample firms with missing data items to
ensure that the data are valid for all the sample. In particular, I construct an
annual panel of US public firms for the period 2001-2018 with the measure of
intangible investment built by following Peters and Taylor (2017). I set the pa-
rameter that governs the productivity of followers’ intangible investment, @, to
match the standard deviation of the logarithm of the share of intangible invest-
ment over sale. I set the parameter that governs the productivity of the leaders’
intangible investment productivity, ), by targeting the standard deviation of the
firm size distribution defined as log-sale. Finally, I set the productivity of the
new varieties, €”, to match the share of intangible investment over total sale.

Table 2 shows that the performances well in matching both the elasticity of in-

tangible investment intensity with respect firm size. In addition the model can

108pecifically, we exclude oil and oil-related firms with SIC codes 2911, 5172, 1311, 4922, 4923, 4924, and
1389; energy firms with SIC code between 4900 and 4940; financial firms with SIC code between 6000 and
6999.
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replicate the average and dispersion of firms’ market share build on the mea-
sures of product similarity of Hoberg and Phillips (2016). In this regard, I use
the Compustat dataset and the product similarity scores build by Hoberg and

Phillips (2016) to estimate the firm market share of firm i in the following ways:
Sale;

Z;V:il sji9alej + Sale;

where s;; is the simuilarity score between firm i and j. Finally, the model seems

Market_share; =

to replicate well the defensive intensity of the U.S. proxied by the share of patent
citation that cite patents already existing within firms as stated in Akcigit and
Ates (2019). In the model I define the defensive intensity as the share of defensive

expenditure over the total leaders’ intangible investment expenditure.

Table 2: Un-targeted Moments.

Description & Source Data  Model
Elasticity of Intangible Investment Intensity w.r.t. Size, Compustat (2001-2018)B.1  —0.61  —0.89
Weighted Sale Market Share, Compustat (2001-2018) 75.09% 50.11%
Dispersion Market Share, Compustat (2001-2018) 0.35 0.24
Share of Leaders’ Defensive Intangible Investment, Akcigit and Ates (2019) 0.38 0.42

5 Isolating the Effect of Defensive Practices

In this section, I first present the results from the counterfactual analysis in
which the leaders are prevented from implementing defensive practices. Follow-
ing, I study the effect of the different types of defensive practices and I investi-
gate the mechanisms through which the defensive behavior affects the aggregate
quantities. Finally I explore the effect of the defensive practices on endogenous

productivity in economies without considering the channel of the product variety.

5.1 The Effect of Defensive behavior

The counterfactual policy exercise consists in comparing the pre-intervention
equilibrium where firms are allowed to implement defensive practices, benchmark
equilibrium, and the post-intervention equilibrium, which is the new equilibrium
(ND) reached by the economy after an omnipotent competition authority detects
and prevents any implementation of defensive practices. That is, I measure the
equilibrium changes in the aggregate economy under each policy relative to the
benchmark.

As in Table 3, preventing firms from implementing defensive practices increases

aggregate consumption and investment in the economy. Specifically, the policy
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Table 3: Cracking Down on Defensive Practices.

No Defensive Defensive in Entry Defensive in Catch-up

(ND) (DE) (DC)
Entry Rate as Followers E* 3.40% 0.97% 1.67%
Firms per Variety 14.40% —5.86% 21.66%
Leaders per Variety 21.32% 12.91% 5.70%
Followers per Variety 7.03% —28.72% 35.29%
Variety —9.78% —1.82% —6.96%
Mass of Firms 4.63% —7.65% 14.7%
Sale-weighted Markup —3.73% —-1.12% —2.66%
Markup Dispersion —45.64% —17.36% —21.68%
Size Dispersion -53.0% —61.79% -2.36%
Intangible Investment Intensity* —4.46% 3.711% —11.31%
Consumption 0.19% 1.48 —1.25%
Investment 4.68% 2.81 2.06%
Output 1.27% 1.83 —0.44%
Labor 1.09% 0.17% 0.47%
Labor* 4.46% 1.05% 3.27%
Variety —9.78% —1.82% —6.96%
Ratio Capital over Outputi 0.19% 1.48 -1.25%
Endogenous productivity —-1.27% 0.61% —-1.57%
Endogenous productivity* -3.31% 0.07% —3.25%
Consumption Equivalent Welfare (CEV) —0.63% 1.39% —1.58%

Note: The table reports the effect of preventing firms from implementing defensive practices. In
particular the first column on the left, ND, reports the effects of preventing leaders from invest-
ing in defensive practices that reduce probability of catch-up and entry. The second column,
DE, reports the effects of precluding leaders from investing in defensive practices that prevent
the catch-up of the followers. Finally the last column, DC, reports the effects of precluding
leaders from implementing defensive practices that make more difficult the entry in the indus-
try. I define E* as the entry rate that takes into account only the entry in incumbent industries.
Analogously, I define Intangible Investment Intensity* as the ratio between the total intangible
investment, defensive expenditure excluded, over the total output. I obtain the Endogenous
Productivity as the Solow residual, Y/(K*L'~?), given aggregate output (Y), capital (K), and
labor (L). Labor* as the labor that is allocated to the production.

Table 4: Intangible Investment and Productivity.

No Defensive Defensive in Entry Defensive in Catch-up

(ND) (DE) (DC)
Potential Entrant’s Intangible Investment Intensity 23.18% 12.31% 9.17%
Potential Entrepreneur’s Intangible Investment Intensity —48.52% —-9.37% —31.68%
Follower’s Intangible Investment Intensity 12.52% 13.49% —5.81%
Leader’s Intangible Investment Intensity * —38.23% -9.17% —28.04%
Follower’s Sale-weighted Exogenous Productivity 0.62% 1.34% —0.90%
Leader’s Sale-weighted Exogenous Productivity —0.75% 0.63% —1.40%
Sale-weighted Exogenous Productivity —0.50% 0.99% —1.61%

Note: The table reports the percentage changes in the aggregate quantities relative to the
benchmark economy that follow the implementation of the different competition policies. I de-
fine Leader’s Intangible Investment Intensity * as the ratio leaders’ total intangible investment
in the mid-afternoon over total sale.
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raises aggregate consumption and capital, respectively, by 0.19 and 4.68 percent
from the benchmark, while endogenous productivity falls by -1.27 percent. In the
following, I explain that there are two main channels that contribute to the re-
duction in the endogenous productivity that are related with the change both in
the entry composition and leaders’ innovation. In addition, the welfare measure-
ment (CEV ) decreases by more than 0.63 percent following the implementation
of this new competition policy. This is mainly driven by the rise in the equilib-
rium labor. Because we abstract from real feasibility of the policy intervention,
the aggregate effects in Table 3 can be interpreted as the lower bounds of the
impacts of such competition policy.

The above results reflect the impact of a change in the degree of competition in
the new economy that is now characterised by lower markups and dispersion in
the firm size distribution as documented in Table 3.

First I start by showing the effect of the competition policy on the entry com-
position. In particular, preventing firms from implementing defensive practices
has two countervailing effects on entry. On the one hand it promotes the en-
try in the incumbent industries. Table 3 shows that cracking down on firms’
defensive practices raises the number of firms per industry by 14.40 percentage
points since potential entrants do not face barriers anymore. More specifically,
preventing leaders from investing in defensive practices raises the probability of
entry especially in those industries characterised by high productive leaders as
shown in Plot B 1. The reason is twofold. Firstly Potential entrants have the
highest incentive in entering and copying high productive technology. Secondly,
high productive leaders had the highest incentive in avoiding the catch-up. On
the other hand, the higher degree of competition that potential entrepreneurs
may eventually face in the future reduces their effort to create new products, as
documented in Table 4, that is reflected in a drop of almost 10 percentage points
in the product variety in the economy. This latter effect negatively contributes
to the reduction in the endogenous productivity.

Following I explain how this new environment characterised by a low appropri-
ability affects the endogenous productivity also by reducing the leader’s innova-
tion incentive. The model shows that implementing this new competition policy
has two countervailing effects. On the one hand, imposing restrictions on lead-
ers’ ability to control their dominant position improves the technology adoption
and knowledge spillover, allowing more laggard firms to catch-up and compete

against frontier firms. This creates more industries that are characterized by a
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neck-to-neck at the technological frontier. On the other hand, more competition
implies that firms’ ability to appropriate the profits generated by the innovation
is limited, which in turn discourages leaders to improve their productivity. The
model shows that the former effect dominates the latter and the leaders’ average
productivity shrinks by 0.75 percentage points.

All in all, preventing firms from implementing defensive practices worsens the
endogenous productivity and it increases consumption and investment. As ex-
pected, the implementation of this competition policy reduces the concentration
and firm size dispersion since it increases followers’ productivity and the number
of firms at the industry technology frontier. In addition, preventing firms from
investing in defensive practices increases the mass of firms in economy. This
leads to an increase in the consumption and investment. However, the higher
degree of competition has two unintended effects on firms’ innovation. First, it
discourages leaders’ innovation. Second, it reduces the incentive of the potential
entrepreneurs to invest and create new products. As a result, the adoption of
less productive technologies by leaders and the drop in the product varieties re-
duce the endogenous productivity. Finally the new equilibrium embeds a lower
utility for the representative household. Intuitively, the raise in the aggregate
consumption can not compensate the raise in the aggregate labor due to the fall
in the firms’ productivity.

Together, these effects jointly quantify the aggregate outcome of the competi-
tion policy. The result suggest that the unintended effects are quantitatively

important to determine the impacts on productivity and welfare.

23



Figure 1: Catch-up and Entry Probability.
A: Change in Catch-up Probability B: Change in Entry Probability
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Note: The Plot A shows the percentage change in the catch-up probability relative to the
benchmark economy calculated among industries that have the same leaders’ productivity.
The Plot B shows the percentage change in the entry probability relative to the benchmark
economy calculated among industries that have the same leaders’ productivity.

5.2 Inspecting the mechanisms: Catch-up VS Entry

The unintended effects of the reduction of the appropriability on endogenous
productivity and welfare are quantitatively important. In this sub-subsection, I
isolate the effects of each type of defensive practices on productivity and welfare.
In the following analysis I consider two counterfactual policy exercises. First,
I consider the competition policy (DE) that only precludes the implementation
of defensive practices that make more difficult the entry in the incumbent in-
dustries. Second, I consider the policy intervention (DC) that only prevents the
implementation of defensive practices that slow down the catch-up of the follow-
ers.

In the last two columns of Table 3 and 4, I report the results of the comparison
between the benchmark equilibrium and the two new equilibria associated with
the DE and DC competition policies. In the following, I show that the imple-
mentation of the DE competition policy improves both endogenous productivity
and welfare relative to the benchmark economy.

Table 3 shows that preventing only defensive practices that slow down the catch-

up increases aggregate consumption and investment in the economy. Specifically,
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Figure 2: Policy Functions.

A: Incentive under DC policy w.r.t. NE B: Incentive under DE policy w.r.t. NE
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Note: The Plot A and B show the percentage change in the leader’s innovation effort due to
the two different defensive practices. In particular, Plot A shows how the policy function of a
representative leader changes from the DE to the DC economy. This policy function is a function
of the follower’s productivity. Plot B shows how the policy function of a representative leader
changes from the DC to the DE economy. This policy function is a function of the number of
leaders in the industry.

25



A%

20

-50

Figure 3: Change in the Probability of Success.
A: DC w.r.t. ND B: DC w.r.t. ND
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Note: The dotted line of Plot A shows the incentive effect of the defensive practices that limit
the catch-up among industries that have the same productivity gap among leaders and followers.
In particular, it shows how the average probability that a leader wins the contest would change
relative to the ND economy if leaders had the policy function of the DC economy. The dashed
line of Plot A shows distributional effect of the defensive practices that limit the catch-up. In
particular, it shows how the average probability that a leader wins the contest would change
relative to the ND economy if there were the distribution of industries of the DC economy.

The dotted line of Plot B shows the incentive effect of the defensive practices that limit the entry
among industries that have the same number of leaders. In particular, it shows how the average
probability that a leader wins the contest would change relative to the ND economy if leaders
had the policy function of the DE economy . The dashed line of Plot B shows distributional
effect of the defensive practices that limit the catch-up. In particular, it shows how the average
probability that a leader wins the contest would change relative to the ND economy if there
were the distribution of industries of the DE economy. The solid lines represent the net effect.
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Figure 4: Change in the Probability of Catch-up.
A: DC w.r.t. ND B: DC w.r.t. ND
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Note: The Plot A shows the percentage change in the probability of catch-up between economy

ND and DC calculated among industries that have the same productivity gap between leaders

and followers. The Plot B shows the percentage change in the probability of catch-up between

economy ND and DE calculate among industries that have the same number of leaders.

the DE policy raises aggregate consumption, investment and endogenous pro-
ductivity respectively by 1.48, 2.81 and 0.61 percentage points. Conversely, the
implementation of the DC policy reduces both consumption and endogenous
productivity respectively by 1.25 and 1.57 percentage points. In the following, I
explain that the different aggregate effects of the two competition policies reflect
the different impacts that the two defensive practices have on the leader’s inno-
vation and entry.

I first start by comparing the DE and the DC equilibria relative to the economy
without defensive practices, ND, by focusing on the endogenous productivity.
As documented in Table 3, the reason of the higher endogenous productivity
of DE economy is twofold. First, in contrast to the DC policy, the DE policy
leads to a larger product variety. Intuitively, the leaders of the new industries
are monopolists and preventing competitors from entering the industry is more
than enough to protect their market shares. Second, the implementation of the
DE competition policy improves the technology adoption of the firms. What
is the intuition behind? First of all it is important to note that the two types

of defensive practices benefit two different kinds of leaders. Figure 2 compares
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how the policy function of a representative leader changes between the economy
DC and DE. In particular, Plot A of Figure 2 shows how the policy function of
a representative leader changes from the DE to the DC economy. This policy
function is a function of the follower’s productivity. Plot B of Figure 2 shows
how the policy function of a representative leader changes from the DC to the
DE economy. This policy function is a function of the number of leaders in the
industry. Leaders with a large productivity gap with respect to the followers care
more in preventing the catch-up. In contrast, preventing the entry of additional
competitors benefits more the leader that operate in competitive industries that
are populated by more than one leader. What is the intuition? In case of success,
leaders want to prevent that an additional follower enter the industry with its
former productivity.

How does these incentives impact on the technology adoption? To answer to
this question I decompose the two countervailing effects of the two defensive
practices. Indeed, on the one hand, the leaders’ ability to implement defensive
practices prevents more firms from competing against at the industry frontier.
On the other hand, less competition implies that firms’ ability to appropriate
the profits generated by innovation is higher, which in turn encourages leaders
to improve their productivity. Figure 3 shows how the countervailing effects af-
fect the probability that a leader wins the contest relative to the ND economy.
The dotted line of Plot A shows the incentive effect of the defensive practices
that limit the catch-up among industries that have the same productivity gap
between leaders and followers. The dotted line of Plot B shows the incentive
effect of the defensive practices that limit the entry among industries that have
the same number of leaders. In particular, they show how the probability that
a leader wins the contest would change relative to the ND economy if leaders
had the policy function of the DC or DE economy. Conversely, the dashed lines
of Plot A and B show distributional effect. More specifically, they show how
the probability that a leader wins the contest would change relative to the ND
economy if there were the industry distributions of the economy DC or DE.
Figure 3 leads two important considerations. First defensive practices that limit
the catch-up generate a stronger incentive on leader’s innovation than the defen-
sive practices that limit the entry. Second, the former defensive practices also
generate a stronger negative distributional effect. In other words, the fall in the
competition generated by defensive practices that slow down the catch-up causes

a reduction in leaders’ innovation especially in those industries characterised by
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a high productivity gap between the leader and follower as documented in Figure
4.

Why does not the catch-up probability dramatically fall under DE policy?. The
intuition is that the increase in the effort of the followers can partially compen-
sate the fall in the number of followers that are competing to copy the leader’s
technology. Indeed, defensive practices that prevent the entry encourage leaders’
innovation without negatively affecting the probability of catch-up of the incum-
bent followers.

Allin all, the competition policy that only tackles defensive practices that prevent
the catch-up improves the endogenous productivity with respect to the bench-
mark economy. More specifically the model shows that precluding leaders from
preventing the catch-up affects aggregate productivity through two effects. On
the one hand it reduces the leaders and potential entrepreneurs’ incentive to
innovate even though not so strongly as in the case the competition authority
decided to prevents both defensive investments. On the other hand, it raises
the probability of catch-up especially in the high technology gap industries. The
model suggests that this latter effect is quantitatively stronger than the former
and the endogenous productivity improves.

Finally the DE policy also raises the utility of the representative household. The
raise in the endogenous productivity is driven by the improvement in the technol-
ogy adoption to a substantial increase in the aggregate consumption that requires

a slightly increase in labor.

5.2.1 Competition Policies without Product Variety

Table 5: Endogenous Productivity without Product Variety.

No Defensive Defensive in Entry Defensive in Catch-up
(ND) (DE) (DC)
Follower’s Sale-weighted Exogenous Productivity 0.66% 1.35% —0.74%
Leader’s Sale-weighted Exogenous Productivity —0.62% 0.67% —1.33%
Sale-weighted Exogenous Productivity —0.41% 1.02% —1.52%
Sale-weighted Markup =3.7%% ~1.16% —2.76%
Endogenous Productivity 2.21% 1.26% 0.97%

Note: The table reports the effect of preventing firms from implementing defensive practices.
Each economy has the same product variety of the benchmark economy.

The counterfactual policy exercise consists in comparing the pre-intervention
equilibrium where firms are allowed to implement defensive practices, bench-
mark, and the post-intervention equilibria, which are ND, DE and DC. Differently

from the previous counterfactual exercises, I impose that the post-competition
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policy intervention equilibria had the same product variety of the benchmark
economy. More specifically, I draw the additional mass of industries from a dis-
tribution of industry that resembles the equilibrium distribution of the economy
post-intervention. This exercise allows to disentangle the relative contribution
of the different channels that determine the effects of the competition policies
on endogenous productivity. Table 5 the results of the exercise that leads three
main considerations.

First the product variety channel plays an important role in determining the ef-
fect of competition policies on aggregate productivity. It negatively contributed
to the post-intervention endogenous productivity. In particular, I can infer that
the reduction of product variety implies a loss in the endogenous productivity for
the ND, DE and DC economies respectively by 2.48, 0.65 and 2.54 percentage
points.

Second, the model that does not take into account the product variety channel
predicts that the ND competition policy delivers the highest endogenous produc-
tivity. The reason is that there would be only two channels that contribute to
endogenous productivity: market power and technology adoption. In particular,
looking at table 5, the ND economy delivers a higher endogenous productivity
than the DE economy since the worse technology adoption is more than compen-
sated by the stronger reduction in the market power.

All in all, the analysis delivers an important result. The DE competition pol-
icy delivers the highest endogenous productivity compared to the ND and DC
economies. The reason is that in the DE economy the larger product variety and
the better technology adoption more than compensate the highest market power
of the firms.

6 Markups and Defensive Behavior

Section 5.1 documented that the preventing firms from implementing defensive
practices affects endogenous productivity through three channels: technology
adoption, the creation of new products and market power. In this section, I study
how the relative importance of these two channels may have different implications
related to the effects of the implementation of the different competition policies.
To implement the analysis I compare the effects of the different competition
policies on endogenous productivity between economies that are characterised

by a different product substitutability that determines the love for variety. In
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particular I first show that economies with a lower product substitutability are
characterised by a higher dispersion of mark-up distribution and by a higher
pervasiveness of defensive practices. Following I show that the implementation of
the DE policy always generate the highest endogenous productivity even though

this results can be based on different channels.

6.1 Steady State Comparison

Figure 5: The Effect of the Substitutability between Variety.
The Effect of Substitutability
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Note: The Figure shows the effect of a change in the product substitutability aggregate
variables in economy where firms are allowed to implement defensive practices. The values
are normalised to the values of the benchmark economy.

Figure 5 compares the dispersion of markup and firm size distributions and de-
fensive intensity between economies that are characterised by a different degree
of substitutability between products. I consider economies in which firms can
implement both types of defensive practices. I report the values normalised re-
spect to the values of the benchmark economy?!!.

Figure 5 leads three considerations. First economies characterised by a low prod-
uct substitutability embed a high pervasiveness of defensive practices. The re-
duction in the substitutability between products increases the competition be-
tween firms within industries. The low substitutability increases the incentive

of the leader to maintain its dominant position toward the direct competitors.

UT define the defensive intensity as the share of the total expenditure in defensive intangible investment
on the total output.
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Intuitively, leaders predominantly compete against the followers within their in-
dustry and not against the other leaders belonging to different industries who
produce different looking products.

Second, the dispersion of markup distribution is decreasing in the product sub-
stitutability in the economy. The dispersion of the markup distribution decreases
in the product substitutability due to the exponential relation between markup
and within market share.

Third, the dispersion of firm size distribution is increasing in the product sub-
stitutability. Intuitively, in economies with low product substitutability the firm
size mainly depends on the within industry market share such that low and high
productive monopolistic firms share have the same firm size. In contrast, when

the products are substitute the size of a firm depends also on its efficiency.
6.2 The effect of Defensive Behavior based on Substi-
tutability

Figure 6: Defensive Practices: Productivity Based on Substitutability.
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Note: The Figure compares the effect of a change in the competition policy on endoge-
nous productivity relative to their benchmark economy between economies characterised by
a different product substitutability. Plot A refers to the policies’ effects on endogenous pro-
ductivity, Plot B on technology adoption, Plot C on product variety and Plot D on market
power.

Figure 6 reports the results from implementation of the counterfactual policy

exercises applied to economies that differ for the degree of product substitutabil-
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ity. More specifically I evaluate the impact of the implementation of the ND,
DE and DC competition policies to economies that have a different return from
the expansion of the product variety in terms of endogenous productivity. The
results of the exercise lead to four main considerations.

First, Plot C of Figure 6 shows that when the product substitutability is high
the competition policies DC and DE generate the same degree of product variety.
This result can be explained by the entry dynamics in the incumbent industries.
As expected, the high product substitutability discourages the entry of low pro-
ductive followers. Furthermore, followers enter the new created industries with
the lowest productivity level available in the economy. As a result, it is less im-
portant for a leader of the new industry implementing defensive practices that
deter the entry.

Second, as documented in plot B of figure 6, the ND policy leads to a better tech-
nology adoption with respect to the DE policy in low product substitutability
economies. The reason is that the implementation of defensive practices is too
high. The intuition is the following. Low product substitutability incentivises
also low productive leaders to deter the entry.

Finally, the implementation of the DE policy always delivers the highest en-
dogenous productivity. This result is due to the different relative importance
of the channels that determine the endogenous productivity. More specifically,
in economies of low product substitutability the DE policy provides the highest
endogenous productivity since it generates the highest product variety that more
than compensates the worse technology adoption and the highest market power
relative to the ND economy. In case the economy is characterised by a high
product substitutability, the DE policy has the highest endogenous productivity

since it provides the best technology adoption.

7 Conclusion

Aggregate impact of the firms’ defensive practices crucially depend on their ef-
fects on market power, technology adoption and product variety. To study the
quantitative implication of the defensive practices on endogenous productivity, I
build a heterogeneous firm model of technology adoption in which industry lead-
ers can invest to deter the entry or slow down the catch-up of the followers. The
model shows that a competition policy that only prevents firms from implement-

ing defensive practices that slow down the catch-up improves the endogenous
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productivity. Although defensive practices that deter the entry maintain a high
market power of the firms in the economy, they incentivise innovation of the in-

cumbent firms and the creation of new products.
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A Propositions

A.1 Proposition 1
I can now describe the optimal choice of the defensive practices chosen by the
leaders. In the case where ViF(el, ef', nt nf') — ViE(el, el nt +1,nF — 1) <0,
the unique symmetric equilibrium is ¥ = 0.
Conversely, if V02(el ef nl nf") — ViE(eF el ,nt +1,nf — 1) > 0, The first and
second order conditions of the optimization problem 23:

OViE(el, el nt nt) I X7 Q

= —wzxy + — — {VL(EL,sF,nL,nF)
ozt VUOXFAT (b4 Q)2 (A1)
—ViE(er, eF ont +1,n" — 1)}
2VE(L oF b pF XF A
: (gégm’n ) :—w—QXF:_T LQQ)g {‘GL@L@F,”L,”F)
L1 1 ('Tl + (AQ)

V(R eF ont + 1,nF — 1)1 <0

Rearranging A.1, I derive the equation that describes the symmetric equilibria:

L Xxr @

nE\ XF + T wak

vy = flaf, X7) =

\/[%L(6L7 €F7 nL7 nF) - %L(€L7€F7nL +1, nt — 1>:| - Q (AB)

Given X{', A.3 describes a self-map where:

o lim, ,o f(zF, XT') = +00

o lim, . f(zf, XI') = —%
of (z¥ XF
. % <0 Vaf € Ry

So there must exist a unique x* such that zI* = f(al* X[,

Moreover, I can verify that

that implies:
>0 VX eR, (A4)
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A.2 Proposition 2

The first and second order conditions of the optimization problem 24:

a‘GF(gLaeFI;”L’nF) = —wXI + Q _

[TAVE (b, eF nP nF) + (XF — XEYAVF (€2, F nk, nF)] —0 ‘

(XT+7T) N

2 F(.L F L  F

o*Vi"(e" e ,n,n):_w_2 o
OxF? +Q (A.6)

[TAVF (8, eF nP nF) + (XF — XEYAVF (€2, F n, nF)] <0 .

(X{ +1)3

where AVF (g2, F nF nF) = [ViF(eF, eF nt+1,nF —1)=VF (", F ,nF, nF) is the
difference between the value of winning and the value when no follower succeeds,
and, AVQF(aL,sF,nL,nF) = [ViE(er el nt+1,nf —1) =V (eF, el nt+1,nf —1)]
is the difference between the expected value of winning and the expected value
when another followers wins the contest.

Rearranging the A.5, I derive the equation that describes the symmetric equilib-

ria.

T 1 Q
F __ F L\ __
X =alX ) = E R g

(A7)

— ) P ~
\/{ d A‘/2F<€L7€F7nLunF>+uA‘/2F(€L7€F7nL7nF>}

wX{ w
Given z¥, A.7 describes a self-map where:

o limr_ g(XF,oh) = oo

3 ) F_1 ~ _
o it a(XF o) = e[S U DAVE (eh, T nk nF) —

dq(zt X{)
oxF

So there must exist a unique X{* such that XI™* = f(XI™* xf). The equilibrium
quantities of R&D chosen by followers, X{*, is increasing A\72F (el el nE nt)

and AV (el ef nl nt").

<0 VXI'eR,

Moreover, I can verify that
o XF, L
% <0 Vzy €Ry
1

that implies:
OXF

L
0x]

<0 VX'eR, (A.8)
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A.3 Proposition 3
Letf*' XF — zf* and ¢* : 2t — XT™, byA4andA8'
o X~ o yXT eR, .Bq(x <0 VXFeRr,

BXF
then it implies that there must exist a unique (x1**, XF) such that:
o o™ = f*(¢" (1)) o X{™ =g (f1(X{™))

A.4 Proposition 4

Let AVE(el, eF nt nF) = [ViE(eM e nF nF) — VE(E, ef ,nF nF)] be the dif-
ference between the value of winning the contests and the value when no leader
succeeds. For AVOL (el ef,nt nt") < 0, the unique symmetric equilibrium is
rh* = 0.

Conversely, if AV (g%, eF,nF, n') > 0, I take the first and second order condi-

tions of the recursive optimization problem 25:

L(.L _.F ,,L F
oV (e ,sL,n ,n') _ _wbt
0x; (A.9)
(QAVE (", &F nk, nF) + (ah — eh)AVE(E, P )] |
(+f +Q)? -
2yv/L(-.L ~F ,,L  F
0%V (Ea,jm,n ,n') 9%
A.10
[PAVE(E e ) + ok = ) AV Pty _ O
(332 +Q)

where AVE (el e nk nl) = [Vo(e¥, e nt nf) =V (e, e nt n)] is the dif-

ference between the value of winning contest and the Value if another leader wins.

Rearranging A.9, I derive the equation that describes the symmetric equilibria:

1 [ Q L—1) - )
ry = w(zy) = I —wi AVE(eL, eF nL nF) + %AVOL(aL,sF,nL,nF) — %
1
(A11)

A.3 represents a self-map where:

e lim Lﬁow(xf) = 400

° hmmLﬁooC‘J('rf) = \/WT*UA%L(€L75F7nL7nF) _ 7%

o 8w(z2)

L

So, also in this game, there must exist a unique zZ* such that zZ* = w(zL*).
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B Size and Intangible Investment Intensity Re-

lation: Robustness Checks

Table B.1: Intangible Investment and Productivity.

® @ ® @
intangible_inv_int intangible_inv_int intangible_inv_int intangible_inv_int
size -0.32%%* -0.62%F* -0.32%F* -0.44%%*
(0.01) (0.02) (0.01) (0.06)
_cons -0.24%%% 1.44%%% -0.227%%% 0.45
(0.06) (0.11) (0.06) (0.45)
Observations 47006.00 46274.00 45944.00 47012.00
R2 0.73 0.96 0.74 0.47
Firm f.e. N Y N N
Industry f.e. Y Y N N
Year f.e. Y Y N N
Industry-Year f.e. N N Y N

Standard errors in parentheses

* p< 0.10, ** p<0.05, *** p<0.01

Note: The table reports the estimates of a firm panel regression at yearly
frequency from 2001 to 2018. The dependent variable is the intangible in-
vestment intensity, defined as the logarithm of the share of intangible in-
vestment over the total sale. The independent variable is firm size that is
defined as the logarithm of the sale.
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