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Abstract

The paper develops a model of growth driven by the acquisition of domestic firms by their
peers, treating innovations endogenously. The model builds on microeconomic evidence
concerning acquisitions in a technology economy, where the acquirers are innovative firms,
which regard acquisitions as a complementary strategy to their R&D investments. The
targets are small firms with leading positions on markets for their products. The acquirers
are capable of further improving the products of their targets. The model includes the
government, which collects corporate profit tax and redistributes it to provide subsidies
for innovation and for acquisitions.

We quantify the model using 1999-2013 financial data for Japanese firms, matched
with their patents. The estimates bear out the predictions of positive effect of acquisitions
on economic growth. The impact of acquisitions on R&D intensity is negative under the
substitutability between innovation and acquisition strategies. The effect of government
subsidies to encourage acquisitions is linked to the parameters of the cost function and

reflects the association between the cost of acquisitions and of R&D.
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1 Introduction

Dynamic industrial organization is characteristic of an economy undergoing technological change.
Acquisitions are an important part of firm dynamics and there is abundant microeconomic
evidence of links between innovative behavior and growth of the acquiring and acquired firms.*
However, there is no general macroeconomic framework that adequately evaluates the impact of
acquisitions on the innovation strategy of companies and on growth in an economy undergoing
technological change. The existing models that incorporate innovation and acquisitions describe
partial equilibrium (Phillips and Zhdanov (2013), Rhodes-Kropf and Robinson (2008)), while
a few attempts to consider acquisitions using a general equilibrium approach abstracted from
innovation (Xu (2017), David (2017)). Also, the findings of microeconomic research on acquisi-
tions and innovations are sometimes hard to interpret. In particular, there is ambiguity as to
the estimated effect of acquisitions on the ratio between a firm’s R&D expenditure and its sales
(Ahuja and Novelli (2013), Gantumur and Stephan (2012), Zhao (2009), Hall (1999), Hitt et al.
(1991), Hall et al. (1990)). The lack of general agreement in the literature suggests that analysis
is required in order to explain or reconcile the conflicting results.

In this paper we propose a growth model with acquisitions for endogenous innovations. The
novel feature of our theoretical approach is that it models acquisitions by taking account of the
underlying microeconomic evidence on acquiring and acquired firms. Specifically, we investigate
how companies add new product lines through strategic acquisitions, which we define as an
increase in the acquired company’s stock or capital, varying from zero or a minority stake to a
majority share.? We regard acquirers as innovative firms, which use acquisitions to complement
the effect of internal development through innovation. The targets are small firms, which have
the best technology on the market for their goods. The acquirers raise target’s productivity by
improving the quality of target’s products after the acquisition.

The acquirers incur acquisition costs, spending on market research and evaluation in their
search for potential targets.> The government may use various policy instruments to subsidize
the acquisition costs. Firstly, companies may be allowed to capitalize certain types of expenses
as transaction costs or to deduct them from taxable corporate income. So extension of the list
of activities, which fall under transaction costs of acquisition, may be regarded as an increase
in government subsidies. Secondly, government may support joint market research by several
companies and hence enable a cheaper search for targets.

Our model allows decomposition of growth and analysis of the impact of industrial policy,
designed to incentivize acquisitions and innovations. The first prediction states that acquisitions
have a positive effect on growth. The second prediction relates the impact of acquisitions on

R&D intensity to the type of complementarity between innovation and acquisition strategies.

1See review in Andrade et al. (2001) and recent case studies in Bena and Li (2014), Sheen (2014), Gantumur
and Stephan (2012), Zhao (2009), Kapoor and Lim (2007), Higgins and Rodriguez (2006), Cassiman et al. (2005).

2Buyouts of stressed companies carried out due to pressure from the regulator and rare events of one-to-one
mergers are not considered.

3Tt should be noted that a company’s decision to bear the acquisition cost may not necessarily lead to a
successful acquisition. So the value of a completed deal is considered as a separate type of cost in our model.



Finally, we predict that the effect of subsidies for acquisitions is associated with the parameters
of the cost function and reflects the relationship between the costs of acquisitions and R&D.

We use data on the Japanese economy, which offers several advantages for quantification
of the model. Firstly, Japan has experienced an unprecedented boom in acquisitions since
the end of 1990s, which has dramatically altered the industrial organization of the national
economy. These acquisitions have contributed to productivity in various industries and often
compensated for lack of internal innovation by the acquirers (Watanabe et al. (2009), Miyajima
(2007), Fukao et al. (2005)). Secondly, standard approach, which approximated innovation
using patent statistics in endogenous growth models is particularly applicable to Japan, where
patenting is a more prevalent business strategy than in the U.S. (Cohen et al. (2002)).

We take our sample from innovative Japanese firms, their deals and their patents in 1999-2013.
Our main sample consists of firms from the Nikke: Economic Electronic Databank System. The
auxiliary sample is composed of innovative firms as defined by the Japan National Innovation
Survey of the National Institute of Science and Technology Policy. Additionally, we employ
the data on the universe of Japanese firms from the Orbis database. The unique empirical
part of our work with data is the establishment of a link between the firms in our samples and
their patent applications. For this purpose, we use bulk data from the Japan Patent Office
and available at the National Center for Industrial Property Information and Training (the
J-PLAT-PAT platform) and the Institute of Intellectual Property (/IP Patent Database). The
data on acquisitions come from the Zephyr database.

We equate the data-generated moments to the predicted moments to quantify the model,
and discover a good fit between the model and the data. Our estimates yield a positive
relation between costs of R&D and costs of acquisitions for Japanese firms. The results of our
counterfactual policy analysis show that government subsidies for acquisitions increase both
innovation and acquisition rates, and lead to growth of the economy. The finding is in line with
the predictions of positive impact of acquisitions on growth contained in the theoretical model.
However, we discover that limiting of government policy to the subsidizing of acquisitions is
relatively unproductive per unit of government spending. When the cost of government subsidies
is evaluated against percentage-point increase in GDP, we find that acquisition subsidies are
slightly cheaper than R&D subsidies to incumbents, but more expensive than R&D subsidies to
entrants or uniform R&D subsidies to all firms.

The present paper is related to several literatures. The microeconomic foundations of
our model are the Wernerfelt (1984) resource-based theory of the firm and the Rubin (1973)
framework, where expansion is associated with acquiring necessary resources from another firm.
In the context of a technology economy, Aghion and Tirole (1994) similarly interpret acquisition
as a substitute for a firm’s own innovation. Our model can also be linked to the game-theoretic
approach by Phillips and Zhdanov (2013), who suggest that large firms use acquisitions as a
substitute strategy to win the innovation race.

As regards the macroeconomic literature, our approach builds on the endogenous growth
models of Klette and Kortum (2004) and Lentz and Mortensen (2008), where the quality of



product lines in the economy is affected by innovation processes. The firm, which achieves best
quality, has monopoly power over the market for its product. Accordingly, firms innovate to
maximize profits through adding new products or improving the quality of existing products.
This approach originates from the Schumpeterian concept of monopoly competition through
quality increase, for instance, as described in Schumpeter (1942), Romer (1990), Grossman
and Helpman (1991), Aghion and Howitt (1992). The second current in earlier macroeconomic
research is that of endogenous growth models with multiple types of innovation and different
sizes of quality improvement (Akcigit and Kerr (2018), Acemoglu et al. (2016), Acemoglu and
Cao (2015)). Finally, our model is linked to analyses of industrial policy, imposed by social
planner in a macroeconomic framework with endogenous innovation (Acemoglu et al. (2018),
Akcigit et al. (2017), Akcigit et al. (2016), Lentz and Mortensen (2016)).

It should be noted that endogenous growth models with technological change usually account
for firm dynamics only in terms of market entry and exit. The models make a good fit with
empirical evidence on firm size, R&D activity and growth in such countries as the U.S., France,
Denmark, Japan, Chili and Indonesia (Acemoglu et al. (2018), Akcigit and Kerr (2018), Acemoglu
et al. (2016), Lentz and Mortensen (2016), Ates and Saffie (2016), Peters (2013), Lentz and
Mortensen (2008), Grossman (1990)), but acquisitions are not captured in this framework. To
the best of our knowledge, the only exception is the Smulders and Klundert (1995) approach,
which considers the Romer (1990) endogenous growth model with firm-specific R&D and regards
the multiproduct firms as the firms, appearing after the horizontal merger.

The empirical part of our paper follows research, based on the Lentz and Mortensen (2008)
methodology for quantifying general equilibrium models with endogenous growth along a
balanced growth path (Acemoglu et al. (2018), Akcigit and Kerr (2018), Akcigit et al. (2017),
Lentz and Mortensen (2016), Acemoglu and Cao (2015)).

As regards literature on the general equilibrium analysis of acquisitions, increase of a target’s
productivity up to the level of the acquirer in our model is similar to the approach used by Xu
(2017).

The remainder of the paper is structured as follows. Section 2 presents stylized microeconomic
facts about the association between acquisitions, innovation and growth. Section 3 builds a
growth model with endogenous innovations, acquisitions and heterogeneous firms. A version
of the model with multiple types of innovations is given in section 4. Section 5 deals with
quantification of the model and testing of predictions. The data on Japanese firms and their
patents are given in section 5.1. Section 5.2 presents the empirical specifications for firm-
level estimates, while the calibration of our model and policy experiments within the general
equilibrium framework are conducted in section 5.3. The model proofs, details on data work

and matching algorithms are given in the appendices.
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Stylized facts on acquisitions and innovations

This section outlines microeconomic evidence on the association between acquisitions, innovations

and firm growth. We focus on established facts about the causes and consequences of acquisitions

in the economy with technological change. See reviews in Ahuja and Novelli (2013) and Andrade
et al. (2001).

2.1

1.

2.2

2.3

Drivers of acquisitions

Acquisitions are driven by uniqueness/high value of technological knowledge (Carayanno-
poulos and Auster (2010), Villalonga and McGahan (2005), Schilling and Steensma (2002)),
technological /managerial economies of scale and overall synergies in technology (Betton
et al. (2008), Andrade et al. (2001), Teece (1982), Mueller (1969)).

Acquisitions are an alternative strategy to firm’s internal development through innovation
or diversification (Teece (1982), Aghion and Tirole (1994), Miller (2004), Rhodes-Kropf
and Robinson (2008), Phillips and Zhdanov (2013)).

The acquiring and the acquired firms

. Acquisitions mostly happen across innovative firms (Bena and Li (2014), Phillips and

Zhdanov (2013), Gantumur and Stephan (2012), Cassiman and Veugelers (2006)).

. Acquirers use acquisition of knowledge as a substitution (Phillips and Zhdanov (2013),

Watanabe et al. (2009), Rhodes-Kropf and Robinson (2008), Arikawa and Miyajima (2007),
Higgins and Rodriguez (2006), Aghion and Tirole (1994)) or a complementary (Kaul
(2012), Cassiman and Veugelers (2006), Rubin (1973)) strategy to in-house R&D.

Acquisitions have a positive impact on the quality of products (Sheen (2014), Cloodt et al.
(2006), Ahuja and Katila (2001)).

. The acquired firms are small (Arikawa and Miyajima (2007)). They have high quality

products, which may be proxied in the empirical literature by valuable knowledge (Cara-
yannopoulos and Auster (2010), Villalonga and McGahan (2005), Schilling and Steensma
(2002)), superior technologies (Villalonga and McGahan (2005), Hitt et al. (1996)), and
recent /highly-cited patents (Ransbotham and Mitra (2010)).

Effect on firm growth and innovation intensity

. Acquisitions lead to growth of the acquiring firm, for instance in terms of sales (Watanabe

et al. (2009), Higgins and Rodriguez (2006)) or assets/market value (Gantumur and
Stephan (2012)).



2. The effect of acquisitions on the R&D intensity (i.e. R&D expenses per firm size) may be
insignificant (Hall et al. (1990), Watanabe et al. (2009)), negative (Hitt et al. (1991), Hitt
et al. (1996)) or positive (Gantumur and Stephan (2012)).

3 The model with heterogeneous firms

The main version of our model introduces acquisitions within the classic innovation strategy of
Klette and Kortum (2004) and Lentz and Mortensen (2008), where heterogeneous firms perform
innovations not focused on a particular product. Another variant of the model follows the
approaches of Akcigit and Kerr (2018), Acemoglu et al. (2016) and Acemoglu and Cao (2015)
to distinguish internal and external innovations. Both versions of our model are built on the
premise that the R&D costs scale down with the firm size (Klette and Kortum (2004)). In other
words, the R&D is less expensive for large firms.

The major novelty of our model is an explicit introduction of acquisitions as a mean for
technological development of a firm. We assume that in addition to an innovation, a firm can
expand its product lines through acquiring another firm and getting ownership over the products
of the target.

Our model builds on the microeconomic evidence concerning the behavior of the acquiring
and the acquired firms. Firstly, we account for the complementarity between the costs of R&D
and acquisition. Namely, both depend on the innovation intensity and acquisition intensity, and
the complementarity parameter may be zero, negative or positive. Secondly, the acquisition costs
decline with firm size, so acquisitions are less expensive for large firms. Thirdly, the acquired
firms are small, so they have only one product line in the model. Finally, we let acquisitions
have a positive impact on the quality of product originally produced by the target. The step
size of innovation in our model is higher for the acquirer than for its target. Therefore, the
acquirer is capable to raise the productivity of the target by improving target’s technology after
the acquisition. Accordingly, an acquisition results in a quality improvement of the acquired
products.

We regard acquisition expenditure as a part of firm’s operational costs: market research,
membership dues in business associations, and the burden of other activities, focused on
organizing and implementing deals. Note that our inclusion of the costs for searching a potential
target resembles the analysis in other studies of acquisition activity (David (2017), Rhodes-Kropf
and Robinson (2008)). The price of deal is not viewed as the cost of acquisition in our model.
Instead, we take the deal value as the firm value of the target, which is paid to the previous
owner by the acquirer.

The model includes the government which can subsidize the R&D and provide various
means to incentivize acquisitions by lowering their costs. Examples of the latter policies relate
to relaxing the legal framework on implementation of acquisitions, easing the regulations on
accounting of acquisition expenses or facilitating search of potential targets through government

support of collaborative projects. Although these examples of acquisition subsidy may not



directly come in the monetary terms, in the model we consider their monetary equivalent for a
firm. The government revenues come from the corporate profit tax.

Below we outline the optimization problems for all agents and define a balanced growth
equilibrium path within the main model. The full solution of the model can be found in

Appendix A.

3.1 Consumer

The representative consumer maximizes the intertemporal utility function:

+oo
max/ e PU(Cy)dt,
0

S.t.: St -+ TLSt = TtSt + wy — Ct + T+ Tt, (1)

Sp is given, no-Ponzi-scheme condition is applied.

All consumers own equal shares of all firms in the economy. The representative consumer gets
the lump-sum profit m; from production of the final good, holds the amount S; of the stock of
producers of intermediate good and receives an interest income r;S;. C; is consumption, 7T} is
the lump-sum transfer by the government, and n is the rate of growth of population.

The representative consumer inelastically supplies her labor at any wage rate w;. We use the
consumption good as a numeraire, so its price equals to one. The utility function is constant

relative risk aversion: .
—0
Ct - 1

l1—0

U(Ct) = > o> 0. (2)
The solution to the consumer problem yields the following Euler equation:

Proposition 3.1. The growth rate for the per capita consumption along the equilibrium path is:

C"t_rt—n—p

o . (3)

3.2 Producer of the final good

Intermediate goods are used as inputs for the production of the consumption good, which is

denoted below as the final good:

1
Y, = exp/ In X,(j)dj. (4)

0
Here Y, is the amount of the final good, a continuum of intermediate goods is normalized to

[0,1], so X;(j) is the quantity of intermediate good j, j € [0, 1].

The profit maximization problem is:

max T, = max {exp/ol lnXt(j)dj—/Ol Pt(j)xt(ﬁdj}, (5)



where maximization is over {X,(j): j € [0,1]}. The producer of the final good takes the prices
of intermediate goods P;(j) as given. Note that the producer of the final good is a competitive
firm and the production function exhibits constant returns to scale. Therefore, the profit is zero
in the equilibrium.

Solving (5), we can prove the following propositions:

Proposition 3.2. The equilibrium prices of intermediate goods satisfy

1
exp/ In P (j)dj = 1.
0

Proposition 3.3. The demand for intermediate good j equals

3.3 Producers of intermediate goods

A producer of intermediate goods is a firm which at any time period ¢ has the leading technology
for producing goods ji, ..., jm € [0, 1]. Each producer acts as a monopolist on the market for
these goods and collects non-zero profits, which are spent on R&D or acquisition activity, or are
distributed among consumers. Hence the problem can be separated into two parts: choosing the
optimum quantity of a good to maximize instantaneous profits, and choosing the strategy for
R&D and acquisitions to maximize the intertemporal value of the firm. There are incumbent
firms and potential entrants. The latter conduct R&D to enter the market through a successful
innovation.

Government co-finances the R&D and acquisition expenditure by firms. The government
revenue comes from a corporate profit tax. Accordingly, subsidizing of the R&D may be
interpreted as a tax credit mechanism. The government subsidizes the share ¢ € (0,1) of
R&D expenditure by incumbents, the share x € (0,1) of R&D expenditure by entrants, and
the share 1 € (0,1) of expenditure on acquisition activity by incumbents. The government
balances its budget in every period. The government revenue, which is non-distributed across
firms, goes to consumer via the lump-sum transfer 7;. The first order condition of consumer’s
maximization program is not affected, so there is no change in the relationship between the
growth rate of consumption C, /Cy and the interest rate r;,. The R&D and acquisition subsidies

by the government change incentives for the producers of intermediate goods.

3.3.1 Incumbents

Following Klette and Kortum (2004), we denote the default quality of good j z(j,0) = 1, so
if there were J;(j) innovations before time ¢ then the whole set of quality levels available is:
2(7,0) < z(4,1) < 2(4,2) < -+- < z(J, Ji(j)) where the second argument represents the number
of successive innovations for the good. Each innovation improves the quality. The quality

enhancement, i.e. the innovative step for the k-th innovation is ¢(j, k) = z(j, k)/2(j, k — 1).



The producers of intermediate good j engage in Bertrand competition with the following
tie breaker rule: when several firms set the same price, only the good with highest quality is
consumed.

Using the approach of Lentz and Mortensen (2008), we consider the quality level z(j, k) as
productivity. This enables interpreting the growth of quality as economic growth.

The production function is linear in labor:

X(5) = 205, k)I().

Accordingly, the cost function is
wy X (j )

2(j, k)
where w; is the wage rate, and X (j) is the amount produced.

Given the demand structure from Proposition 3.3, we get

Proposition 3.4. Only the firm with the highest quality z,(j) = z(j, Ji(j)) produces good j, and
Wy _ w ()

20, h0) =1 20)

the price it sets equals Py(j) = , where q;(7) is the quality improvement

(i.e. innovation step).
In conjunction with proposition 3.2, this yields

Proposition 3.5. The equilibrium wage rate 1s:
! . ! . exp (Inz
w; = exp (/ In z(j)dj —/ lnqt(])dj) = g
0 0 exXp (ln Qt)

The instantaneous profit is:

(P - 25) %) = (1= ) PG = (1= ) Q

Define the firm profitability at time ¢ as

(7)

Assume that profitability is firm-specific and is the same for each good, produced by the firm.
The firms are heterogeneous in their profitability. We consider the firm profitability = as a
random variable, distributed over (0,1) with some CDF F(7). Denote 7 = E().
A firm participates in two types of activities. Firstly, it invests in R&D. A successful
innovation makes a firm the leader in the production of an extra good. Secondly, a firm can
acquire another small firm (with only one good).

The hazard rate of innovations is denoted by I and the full cost of innovation is

REm~(aI? + 2b1J)Y,,
T



where m is the number of goods, produced by the firm, and J is the hazard rate of acquisitions.

Similarly, to maintain the hazard rate of J of acquisitions the firm spends

=Y 2elJ + dJ)Y,.

™

An acquisition implies that the owner of the target gets the full firm value, and the acquirer
starts to make full profits m from the acquired firm. Accordingly, it is unreasonable to acquire a
firm which has the profitability higher than that of the potential acquirer. Hence a firm acquires
only firms with profitability 7’ < 7.

Consider the firm with profitability 7, which currently produces m goods. Since its instanta-
neous profits do not depend on the goods quality as shown in (6), the value of the firm V. (m)
does not depend on the goods quality either. So the Bellman equation for the intertemporal

profit maximization is:

rVo(m) — Va(m) = max {

130,030
=7 (”th — Zm Y (al? + L)Y, — ZmM(2elJ + dJQ)Y¥>
m T
+ ¢gm_1(a12 "‘ 2b[<])}/t —|— ¢gm_1(2cl(] + dJZ)}/t
T T

+ I [Ve(m+1) = Ve(m)]
+ J[Va(m+1) —E(Vp (1) | 7' < 7) = Vi(m)]

m
+ Y [Va(m —1) — Vﬂ(m)]}.
i=1
Here p, is the rate of creative destruction or the rate of appropriation of a good, due to
innovations by incumbents and new entrants. Note that the acquirer pays the full value to the
owner of the target, so the Bellman equation does not contain any terms to account for the
acquisition.

The first line represents the firm’s profits less the corporate profit tax, where the tax rate

is denoted by 7. The second line is the government subsidy to compensate the share ¢ of the
R&D expenses and the share 1 of the M&A expenses.

3.3.2 Entrants

Entrants form a pool which can achieve a Poisson process of innovations over any good j € [0, 1].
Similarly to incumbents, the entrants receive the R&D subsidy. So the hazard rate n of
innovations requires the flow of costs gwat which share y is compensated by the government.
The Bellman equation for the profit H?aximization problem is:

iV (0) = Va(0) = max {n[Vz(1) = Va(0)] = (1= x) Zvm¥i 9)

n=0
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Here, V,(0) is the value of newly formed firm, for which the free entry condition holds, so
Vz(0) = 0 in an equilibrium.
The profitability 7 of start-ups have distribution Fg(7) which in general differs from the

distribution of incumbents F(r).

3.4 Balanced growth equilibrium

Definition 3.1. An allocation in the economy consists of time paths of interest rates and wage
rates {r;, w;}, per capita consumption, saving and transfer levels {C}, S, T;}, production of the
final good {Y;}, qualities, prices and production of intermediate goods {2:(j), P;(j), X:(4),7 €
[0, 1]}, hazard rates for R&D and M&A events by incumbents {I;(m, 7), Jy(m, ), 7 € [0,1],m €
{1,2,...}}, hazard rate for R&D events by entrants {7}, profitability distributions among
incumbents and entrants {F;(7), Fgi(m)}, where t € [0,400) and m is the number of goods,

produced by firm j.

Definition 3.2. An equilibrium is an allocation where
(i) a representative consumer maximizes her utility;
(ii) producers of the final good maximize profits;
(iii) incumbents maximize their net present discounted value with respect to hazard rates of
R&D and M&A, prices and output;
(iv) entrants maximize their net present discounted value with respect to hazard rate of R&D;
(v) markets for labor, savings, and the final good are cleared;

(vi) government balances its budget.
Now, we focus on a balanced growth path.

Definition 3.3. A balanced growth path is an equilibrium where the hazard rates for the
innovations by incumbents A, by entrants 7, and acquisitions s are constant. So output Y;, per

capita consumption Cy, and the geometric mean of quality exp(In z;) grow at constant rates.

The full list of market clearing conditions on a balanced growth path can be found in
Appendix A.

3.5 Profitability distribution

Note that the profitability distributions for incumbents and entrants are stationary along a
balanced growth path and the rate of creative destruction u is constant. Additionally, we use

the following assumption to ensure the existence of a balanced growth path:

Assumption 3.1. Let the profitability of firms producing intermediate goods be distributed
according to the following CDF':

0, m <0,
F(r) = n/0-2)  0<7r<1,

1, ™ > 1,

11



for0<a<1.
This allows computing the expected profitability for firms with 7’ < 7.

Proposition 3.6.
E(n' |7 <7)=an. (10)

Accordingly, 7 = E(7) = a.

Next, we focus on the profitability distribution of the acquired firms. Recall that only
firms with one product can become targets in our model. An acquirer only buys firms of
lower profitability, so very profitable firms with m = 1 are rarely acquired. Denote Fr(z) the
distribution of profitability for targets. Then using the law of full probability we can compute
this distribution.

Fr(z) =P{r' <z} = /0 P{r <z |n}dF(r)= /Ox dF(m) +/ ?Eg dF(m)
= F(x) + F(x)/ dﬁg) = F(z)[1 —In F(2)].

x

(11)

To ensure that the profitability distribution is invariant, we impose the following requirement:
Assumption 3.2. The profitability of the new entrants is distributed as

Fy(r) = - F(n) + gmm,

U

where 1 is the entry rate (or the rate of innovations by entrants) and k is the acquisition rate.

3.6 Innovation and acquisition rates

Proposition 3.6 about the expected profitability implies the following value function on a

balanced growth path:

Proposition 3.7. Under the Assumptions 3.1 and 3.2, the per capita value function of a firm

on a balanced growth path is

Vi(m) = gvat,
s

where v is a constant.

The value of v together with \, k, and p can be derived from the following system of equations

12



under the nonzero entry rate n:

v=(1-x)r, (12)
L (Q—r—Wd- (-t +(-r—Pl-a) v )
(1l—7—9¢)a(l—7—)d—((1—7—9¢)b+ (1 —7—1)c)?2’
 (—r—el—a)— (== @bt (=T —¥)) v "
l—7—¢)a(l—7—9Y)d—(1—T—)b+ (1 -7 —1)c)? 2’
r—g—n+p—A+r(l—a) (15)

=(1—7)7—(1—7—9¢)(a\ +20\k) — (1 — 7 — V) (2cAk + dK?).

In short, the equation (12) follows from the free entry condition and the first order condition
in (9), equations (13) and (14) represent the first order conditions in (8), and equation (15)
holds under the firm value function in Proposition 3.7. See full proof in Appendix A.

Note that the optimal values of A\, k, and v are firm-independent, but implicitly depend on
the interest rate r, the growth rate of economy g + n and on the rate of creative destruction .
The effect of subsidy rates ¢ and v on A and x depend on the signs of b and c. So government
policy, promoting R&D or company mergers, may have a negative or a positive impact on the

innovation and acquisition rates.

3.7 Distribution of the firm size

Following Klette and Kortum (2004), we consider the balanced growth path with a time invariant
distribution of the mass of firms with m goods, denoted M,,, m > 1.

Consider the entry rate n = p — A. We assume the strict inequality n > k, otherwise the
steady distribution of the firm sizes does not exist.

The following proposition holds:

Proposition 3.8. The time invariant distribution of the firm sizes on a balanced growth path is

A i
Mm:B< +K) = om=12,..., (16)
1 m
where B equals to
_ A= 0\ =
.M A.M KR A /{7 (17)

Ju p—=A I

and the total mass of the firms is

See proof in Appendix A.
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3.8 Aggregate growth

The model attributes the growth of the economy to innovations and acquisitions. In particular,
acquisitions enable the acquirers to produce higher quality product after buying a low profit
firm with the highest quality on the corresponding market. Denote g the rate of growth of C}
and n the rate of population growth. Using Assumption 3.2, we can express the growth rate of

the economy (i.e. of Y;) as g + n, where
9=Ang+((n—r)ng+rng)+rlng—Ing)= (A +r)ng= g, (18)

where

— ! 1
Ing = / In dF ()
0 1

— T

is the mean of log innovation steps for all firms in the economy, and

dF ()

— T

m:/o lnlinFT(ﬁ):/O lnliwd(F(W)[l—lnF(ﬂ)]):—/0 1nF(7r)1n1 !

is the mean of log innovation steps for all firms which are being acquired by other firms.

3.9 Interest rate

The per capita growth rate of consumption C} equals the average quality growth, which in turn

equals g. Using proposition 3.1, we close he model by establishing a relationship between g and
the interest rate 7:

g=——F. (19)

The following proposition summarizes the equations to determine the parameters for the

balanced growth equilibrium path:

Proposition 3.9. The values of A\, k, u, g, r, v on the balanced growth path can be determined
by solving the system of equations (12), (13), (14), (15), (18), (19).

See proof in Appendix A.

3.10 Firm growth

Define the size of a firm @y = 3 P,(j) Xi(j) = m:Y; and consider the dynamics of it. A number
of events may happen before the period ¢t + At. Firstly, every good of the firm can be taken
away due to an innovation by another firm with probability uAt. At the same time, the firm can
acquire a new good with probability m;AAt. The firm can buy another firm with probability
myxAt. Finally, if the firm is small, i.e. m = 1, it can be acquired by another firm with
probability

R(My +2Ms +3Mz+ -+ )(1 — F(m))At = k(1 — F(m))At,

where 7 is the firm profitability.
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Hence the difference in the firm size may be approximated as
E,Quini — Qi = (n+g— p)QAt — k(1 — F(7))Q1{m; = 1}At + A\QAt + kQAt.  (20)
Dividing (20) it by At and letting At to zero, we get
Q= (n+g— Qi — s(1 = F(m)Qi1{m = 1} + AQ; + rQ;.
So the expected rate of firm growth G(Q;) = Q; /Qy is:
GQ)=n+g—pn—r(l—Fm)1{m, =1} + X+ k. (21)

3.11 R&D and acquisition intensity

Given the optimal values of A, k, and v from (13) (14) and (15), we derive the R&D and

acquisition intensities:

(7 /7)my(a\® + 20\k)Y;

R(Q:) = 2 = (7/7)(a\* + 2bAk), (22)
M) = ﬂmt(zgf A )20 + di?). (23)

3.12 Predictions

1. The impact of the innovation rate by entrants (n = p — A) on growth of a firm is negative.

2. The impact of the innovation rate by incumbents (A) on growth of a firm consists of two
parts: a negative effect from losing a product, and a positive effect from expanding the
product line. The expanding effect is inversely related with the firm size and is proportional

to the firm innovation step size (or profitability).

3. The impact of the acquisition rate on growth of a firm depends negatively on the firm size

and positively on the firm profitability.

4 The model with homogeneous firms

4.1 Outline

In this section we model acquisitions along the lines of the Akcigit and Kerr (2018), Acemoglu
et al. (2016) and Acemoglu and Cao (2015) to distinguish different types of innovation. Internal
innovations are based primarily on firm’s prior art and targeted at improving existing products,
while external innovations are focused at products not currently produced by the firm (Akcigit
and Kerr (2018)).
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We formulate the optimization problems for all agents, define an equilibrium balanced growth

path and give predictions. The full solution of the model can be found in Appendix B.

4.2 Consumer

The representative consumer maximizes her intertemporal utility function:

+o0
max/ e U (Cy)dt,
0

S.t.: St + nSt = TtSt + Wy — Ct + 7+ Tta (24)

Sp is given, no-Ponzi-game condition is applied
All consumers own equal shares of all firms in the economy. The representative consumer gets
the lump-sum profit 7; from production of the final good, holds the amount S; of stock of
producers of intermediate goods and gets an interest income r,5;. C; is consumption, 7; is the
lump-sum transfer by the government, and n is the rate of growth of population.
The representative consumer inelastically supplies her labor at any wage rate w;. We use

the consumption good as a numeraire, so its price equals to one.

The utility function is constant relative risk aversion

Cl T _1

l1—0

U(Cy) = , o>0. (25)

The representative consumer’s problem implies
Proposition 4.1. The following condition holds on the optimum path for a consumer:

C’t_rt—n—p
Ct_ o )

See proof in Appendix B.

4.3 Producer of the final good

To formulate the problem of the producer of the final good, we start with specifying the

Y, = ﬁ/ k’l ﬁ J)dj.

Here Y} is the amount of the final good, ¢;(j) is the quality of intermediate good j € [0, 1], k(7)

production function:

is the amount of intermediate good j used in production, L, is the amount of labor.

The profit maximization problem is:

max II; = max

o 5 | d R G - / p(VkG)dj — wi L (26)

where maximization is over {k:(j): j € [0,1]}, L;. The producer of the final good takes the
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prices of intermediate goods p;(j) and the wage rate w; as given. Note that since the production
function exhibits constant return to scale, the profit is zero in the equilibrium.

These conditions imply that the following proposition holds

Proposition 4.2. The inverse demand for intermediate good j equals

(G k() = a7 (kP () L7 (27)
See proof in Appendix B.

Proposition 4.3. The equilibrium wage rate is:

w, = B(1—B) g,
Proposition 4.4. The final good output in an equilibrium equals

11—/

K = 61_6

Gt Ly.

4.4 Producer of the intermediate good

4.4.1 Instantaneous profit from good j

The producer of any intermediate good j has a linear technology ki(j) = ql:(j), where ¢ =
fol q:(j)dj is the mean quality for all intermediate goods on the market. Similarly to the producer
of the final good, the producer of the intermediate good hires labor at a competitive rate w;.

The instantaneous profit maximization problem is:

) = o { (1) = 2 ) i) (28)
ki (5) i
where p;(j, k(7)) is the inverse demand for intermediate good j, given by (27). There are many
firms with technology for producing any particular good j, but we assume that only the firm
with the highest quality is actually producing and selling the good.
Combining solutions to the problems of the producer of the final good and the producers of
intermediate goods, and adding the labor market clearing condition, we can prove a proposition

about employment levels.

Proposition 4.5. The labor employed in production of the final good in an equilibrium equals

B

Li=—————N,,
N CE I
and 1n production of the intermediate goods equals
= (1-p)
L= ——-"—N,.
EENCE IR
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Next, we show that the instantaneous profit depends only on quality levels of the goods,

produced by the firm.

Proposition 4.6. In an equilibrium the instantaneous profit for the producer of a set of

goods 3 = {Jj1, ..., jm} with quality levels q;(j1), - -, q:(Jm) equals
> om(i) =7NDY i),
Jj€I JE€I
BIHA(1 — B)21=h)
(1=p2+p
See proof in Appendix B.

where ™ =

4.4.2 Intertemporal value of a firm

There are incumbent and entrant firms in the economy.

Innovation step size

We start with the evolution of quality for intermediate goods. The quality may change owing to
internal innovation, external innovation by entrants and an acquisition. Following Akcigit and
Kerr (2018) and Acemoglu and Cao (2015), we assume that internal and external innovations

lead to a proportional increase the quality of good j by factors 1 + X and 1 + 7, respectively.*

Entrants

Entrants form a pool which can achieve a Poisson process of external innovations with hazard
rate x. if they keep the flow of costs z.vq;N;. An innovation applies to a random good j € [0, 1].

The Bellman equation for the profit maximization problem is:

nVi({(3) = Vi{}) = max {z[E; Vi({¢:(/)(1 +m}) = Vi({P] = (1 = d)zergNe} (29)

Here V;({}) is the value of a newly formed firm (without producing any good yet), V;({q}) is
the value of the firm which produces a single good of quality ¢ at time ¢, and ¢ is the share of
R&D costs compensated by the government.

The free entry condition in presence of innovations (i.e. under z. > 0) is: V;({}) = 0.

A firm exits the market when its last product is taken away due to an external innovation or

when the whole firm is acquired by another firm.

4We do not distinguish differential rise of quality by subtypes of external innovations (e.g. as implemented
in Akcigit and Kerr (2018)), as it would not affect the dynamics of the economy in our model.
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Incumbents

Internal R&D. Internal R&D constitute a Poisson process. To maintain the rate z of

internal R&D for good j at time ¢ a firm has to bear the flow of costs

Rat(z, (7)) = X2 a:(j) Vs,

Share QAS of these costs is co-financed by the government.

External R&D. External innovations and acquisitions are also Poisson processes. In
order to maintain the rate of external innovations at x given that the rate of acquisitions is y

the firm has to keep the flow of costs
Ry, y, @iy my) = (Ya® + 20ay)gemy " Ny

The costs negatively depend on the number of goods m;, produced by the firm. Also, they

depend on the mean quality of goods ¢. Share & of these costs is co-financed by the government.

Acquisition. If a firm keeps the external innovations at the rate x and maintains the flow
of costs

Ryt(‘ru Y, qt; mt) = ()ZyQ + 25'ry)q_tm;1Nt7

then acquisitions make a Poisson process with rate y. Acquisitions are cheaper for large firms.
The quality of the product of the acquired firm goes up proportionally by 1 + x, owing to an
acquisition. The quality increase gives additional profits to the acquirer. Share ¢ of these costs

is co-financed by the government.

Loss of a product due to an external innovation. Denote p; the rate of transfer of
intermediate goods across firms, owing to external innovations. p; is endogenously determined

in the model.

Loss of a firm due to an acquisition. The acquirer pays the full value of the target to

its owner.
Bellman equation for an incumbent. Let a firm produce a tuple of intermediate goods

j=4j1,---,Jm} at time t. Denote ¢ = {q(j1),--.,q(jm)} their quality levels. Then the value

function depends only on q and the state of the economy at time ¢, i.e. @, IV;. Denote the value
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function by V;(q). The Bellman equation for it is®

rVig)—Vi(g) = max {

22>0,y>0,{2(j)>0,j€5}
(-7 (Z[wmqu) 2 ()aG)N)
JEI
— (Xa® + 26zy)gm ™' N — (xy* + 25wy)qm‘1N)
+6 3" %2 (G)aG)N + d(xa® + 20wy)qm N + S(xy? + 20ay)gm N
JE€I

+ Y [2DVIg\ {a)} U {a() + N} = V(@) +ulV(g\ {a(i)}) — V()]

+2[E; V(g U {q(7)(1 +n)}) = V(g)]
+y[E;(V(qU{¢()(1 +r)}) = Vie(4))) = V(g)]

— @qu}.

(30)

The first two lines in (30) show the current profits owing to production less the corporate profit
tax which is imposed at rate 7. The third line represents a R&D and M&A subsidy by the
government. The fourth line shows a payoff due to an increase in the firm value owing to an
internal innovation and a decrease in the firm value due to a loss of a product. The fifth line
is the gain from obtaining a new product as a result of the external innovation. Here 7 is the
step size for an external innovation. The sixth line indicates the profit from acquiring another
firm. The last term is a fixed cost of managing a firm, which ensures a linear form for the value
function. The equation does not provide for any loss by the target firm, since the acquirer pays
its full value.

To simplify the solution, similarly to Akcigit and Kerr (2018) we use ® from the following

proposition:

Proposition 4.7. There exists ® such that the firm value function can be expressed as
V(g) = AN, ) a(j)-
J€I
See proof in Appendix B.

Propositions 4.8 and 4.9 describe the solution to the problem for the producer of intermediate

goods.

Proposition 4.8. If the solution to the Bellman equation of entrant (29) is internal and there
s a free entry condition, then along a balanced growth path
(19w

A= —-T" 31
1+n ( )

5Index t is omitted for brevity.
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See proof in Appendix B.

Proposition 4.9. The optimum values z(j), j € 3, Tm, and y,, for a firm which produces m

goods on a balanced growth path are

1/(-1)
) =z2= (( T )x@b) ’ (32)

Il+n)(l—-7-¢
o (=T =R+ — (=7 =@+ (=7 —0))s  (1—o
" L D07 oK~ (L7t (17— dpp 200
(== P (TN )+ (=7~ Pts (-
I-—7=)(1—T=@xX—(1—7—¢)5+(1—7—¢)3)> 2(1+m)

Ym = MY =M
See proof in Appendix B.

4.5 Balanced growth equilibrium

Definition 4.1. An allocation in the economy consists of time paths of interest rates and wage
rates {ry, w;}, per capita consumption, saving and transfer levels {C;, S;, T}, production of the
final good {Y;}, qualities, amounts and prices of intermediate goods {q;(7), p:(5), k:(j),J € [0, 1]},
hazard rates for R&D and M&A events by incumbents {z:(7), Zme, Yme, 7 € [0,1],m =1,2,... },
hazard rate for R&D events by entrants {z.}, where t € [0, 4+00) and m is the number of goods,
produced by firm j.

Definition 4.2. An equilibrium is an allocation where
(i) a representative consumer maximizes her utility;
(ii) producers of the final good maximize profits;
(iii) incumbents maximize their net present discounted value with respect to hazard rates of
R&D and M&A, prices and output;
(iv) entrants maximize their net present discounted value with respect to hazard rate of R&D
decisions;
(v) markets for labor, savings, and the final good are cleared;

(vi) government balances its budget.
Now, we focus on a balanced growth path.

Definition 4.3. A balanced growth path is an equilibrium where the hazard rates of internal
innovations z, external innovations by incumbents z and by entrants x., and acquisitions y
are constant. So the per capita consumption C}, output Y;, and the mean quality ¢; grow at

constant rates.

Denote the growth rate of the per capita consumption, output and the mean quality as g.

The list of market clearing conditions on a balanced growth path can be found in Appendix B.
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4.6 Interest rate

Proposition 4.10. On a balanced growth path the association between the interest rate and the
growth rate 1s:
r—n=p+og. (35)

It immediately follows from Proposition 4.1 after substituting g for C, /C4.

4.7 Firm size

Following Akcigit and Kerr (2018), we consider the balanced growth path with a time invariant

distribution of the number of products produced by a firm.

Proposition 4.11. The share s,, of firms, which produce m goods on the balanced growth path,

m—1
1
sm:B(x+y) — m=12,...,

equals

I m

where B = (wiy)/ln(u_’;_y), 1 is the rate of creative destruction, x is the rate of external

mnovations by incumbents and y is the rate of acquisitions. The total number of firms is

F:u_x_yln( p )
T+y p—z—y

The hazard rate for external innovations by entrants equals

Te =4 — X.

See proof in Appendix B. Note that the balance growth path with the steady distribution of
the number of products firms produce exists only when = + y < u, or equivalently when y < x.

(the acquisition rate is lower than the entrance rate).

4.8 Aggregate growth rate and rate of creative destruction

The average quality increase of the good of the acquired firm is kg;. The rate of acquisitions

equals y, so we derive the growth rate for the average quality in the economy.

Proposition 4.12. On the balanced growth path, the rate of growth for the average quality §;

equals the per capita growth rate for the whole economy:
g =2\ + un + yk. (36)

Using the first order condition for the incumbent profit maximization problem (30) and

Proposition 4.10, we obtain the expression for the rate of creative destruction:
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Proposition 4.13. On a balanced growth path

(=7 (1—7—d)xz"
p=— 2 1 p—og, (37)

where m 1s taken from Proposition 4.6.

See proof in Appendix B.

4.9 Closing the model

Solving equations (36) and (37) accompanied with the results of propositions 4.8 and 4.9, we

find the aggregate growth rate g and the rate of creative destruction pu.

Proposition 4.14. The values of z, x, y, u, g, v, A on the balanced growth path can be
determined by solving the system of equations (31), (32), (33), (34), (35), (36), and (37).

See proof in Appendix B.

4.10 Firm growth

Define the size of a firm @, = >, ¢(j)N: and consider the dynamics of it. A number of
events may happen before the period t + At. Firstly, the firm grows due to an increase of labor
supply with rate n. Regarding the number of product lines and innovation decisions, every good
of the firm can be taken away owing to an external innovation by another firm with probability
wAt. At the same time, the firm can acquire a new good with probability myxAt. The firm can
implement an internal innovation with probability zAt per product. The firm can buy another
firm with probability m,yAt. Finally, if the firm is small, i.e. {m = 1}, it can be acquired by
another firm with probability yAt.

Hence the difference in the firm size may be approximated as:

Et Qt"f‘At - Qt

Dividing by At and letting At to zero, we get
Qi = (n+ Az — p)Q; — y1{my = 1}Q; + mu[z(1 + n) + y(1 + &)]@ N,

or for the expected firm growth rate G(Q;) = Q./Qs:

my[r(1+n) +y(1 + w)|gNe
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4.11 R&D intensity

The R&D expenditure of the firm is the sum of its expenditure on internal and external
innovation: ¥2YQ, + (a2 + 20xy)gm,N;.

The sales of the firm are

N Wy (1—B)a e :
Sntiht) = ¥ 5 (S2) Lt

JE€Jt JEJt
9811 . _ _og L w L
=D 1B =B L) = 8771 (1 = BT Q= 5@
j€dt ¢ BN,
The R&D intensity is the R&D expenditure divided by the sales:
R(Q)) = — e |62+ (Ra? + 280y 2 (39)
7TLt/Nlt Qs 7

where the ratio L;/N; is constant because of Proposition 4.5.

4.12 Acquisition intensity
The acquisition intensity is the acquisition expenditure divided by the firm sales

qemy Ny
Q:

M(Q,) = (xy* + 26zy) : (40)

WLt/Nt

5 Quantitative analysis

5.1 Data work

Sources

The empirical analysis focuses around the Japanese innovative companies from The Nikke:
Economic FElectronic Databank System (The Nikkei NEEDS) — the database with financial and
corporate information on large and medium-sized firms.

We match The Nikkei NEEDS companies to the The Orbis/Zephyr databases by Bureau
van Djik. The Orbis provides exhaustive information on the company industrial classifica-
tion (if compared to the data in The Nikkei NEEDS), while The Zephyr database enables a

comprehensive definition of an acquisition.”

6The creation of the database was launched by Nikkei Shimbun in March 1967, with the first publication of
post 1963-year data in December 1968 and regular data collection since March 1969 (Sueyoshi (2008)). The
data collection originally focused on large companies (i.e. largest 282 companies over 1971-1976, Tada (1977)),
but companies of smaller size were added in later years. The database gives non-consolidated statements since
March 1964 and both consolidated and non-consolidated statements since March 1978.

"We compared the data on acquisition deals of our sample across The Zephyr database, the acquisition events
in The Japan National Innovation Survey and the M&A block of The Nikkei NEEDS. While The Japan National
Innovation Survey and The Nikkei NEEDS only report the deals, where acquirers and targets are within the
corresponding database, The Zephyr gives information on all the deals, in which a database company is a target
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Concerning patent data, we use the data from The Japan Patent Office data on the The
J-PLAT-PAT platform and The IIPP Database (2017). Note that The IIPP Database is the
NBER-type version of The Japan Patent Office data and covers all applications submitted since

1964.% It contains information on patents, main technological field, inventors and citations.

Sample

The main sample are firms of The Nikkei NEEDS — the database with corporate information on
large and medium-sized firms. The auxiliary sample are innovative firms according to The Japan
National Innovation Survey.’

We start with 6,083 firms from The Nikkei NEEDS, which provide data in 1999 onwards.
For each firm we take the consolidated financial statement for each corresponding fiscal year (if
present) or use non-consolidated statements.

The Nikker NEEDS firms account for most of Japan’s GDP and the R&D expenditure.
Using the national data from The Survey of Research and Development by The Japan Statistical
Agency,' we derive that the Nikkei NEEDS compose 80% of the R&D in most industries in
1999-2013.

We establish a firm-to-patent crosswalk, using the matching algorithms across the name and
location of firms in The Nikkei NEEDS, The Japan Patent Office data on the The J-PLAT-PAT
platform and The IIPP Database (2017). There are 2,294 Nikkei NEEDS firms with patents in
1999-2013. External patents and internal patents are present among 2,037 and 1,616 Nikker
NFEEDS firms, respectively. The mean annual numbers of patents for patenting firms are: 49.6
(st.dev.228.4) for all patents, 18.3 (st.dev.66.7) for external patents and 5.9 (st.dev.24.5) for
internal patents.

Next, we match The Nikkei NEEDS firms to The Orbis database. The overlap consists of
5,305 firms, which is 87% of the firms in Nikkei NEEDS. Finally, we search the deals of The
Nikkeir NEEDS firms in The Zephyr database. The database provides the deals starting 1997,
and the data for 1997-1998 may not be well reported. Accordingly, we start our analysis with
1999. We focus exclusively on domestic acquisitions. There are 2,219 acquirers among The
Nikkei NEEDS firms and the mean annual number of deals per acquirer is 1.2 (st.dev.0.64).

As robustness check of the information on company deals, we match The Nikkei NEEDS
firms to the firms in The Japan National Innovation Survey. The majority of The Nikkei NEEDS

or an acquirer. Additionally, The Zephyr explicitly states the acquired percentages of company or capital, which
enables us to drop acquisitions with minority stakes.

8See details about the creation of The IIPP Database in Goto and Motohashi (2007).

90verall, The Japan National Innovation Survey started in 2003 with 45 thousand firms. The second wave
of 2009 focused only on 15 thousand firms: a random sample of all 330,000 companies in Japan with over 10
employees. The third wave of 2012 are 25 thousand firms: the 2009 sample plus all firms with 1000+ employees.
The disclosed lists of firms are available for the 2014-2016 waves of the survey according to the below criteria.
The 2014 wave considers traded firms with over 100 patents in 1970-2010, while the waves of 2015-2016 include
traded firms with an increase in the (total) number of patents, relative to the previous 3-5-7 year bands. The
2016 data additionally includes/specifies the names of University-Public Foundations, which may be non-listed
on a stock exchange and may have zero patents.

10The collection of Historic data for 1959-2006, 2007-2010 and annual data for 2011-2013 from The Japan
Statistical Yearbooks.
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firms conduct R&D. Accordingly, the overlap of The Nikkei NEEDS firms with the firms from
The Japan National Innovation Survey is over 80% in any year.

Our analysis employs data for 1999-2013. The period may be regarded uniform in terms of
institutional context of the Japanese patent system, as it accounts exclusively for multi-claim
applications after the 1988 revision of the Patent Law.

The microeconomic estimates and quantification of the general equilibrium model are based
on the sample of 5,763 Nikke: NEEDS firms with financial data, of which 4,882 appear in Orbis.
This gives, respectively, 66,676 and 58,346 longitudinal observations in fiscal years 1999-2013.

Firm size

We proxy firm size by total annual revenues as reported in The Nikkei NEEDS financial
statements. Note that firm value could not be exploited as a proxy for firm size, since a

considerable share of companies is non-listed.

Acquisitions

The Zephyr database gives details on the types of deals over the time period of 1997-2017. It
contains an explicit variable, which reports whether a deal is: 1) acquisition and the percent
of the target acquired; 2) acquisition increase and the pre-/post-acquisition percentages of the
target; 3) capital increase and the percent of capital increased; 4) demerger; 5) institutional
buyout; 6) joint venture; 7) merger; 8) minority stake and its percentage; 9) minority stake
increase and the pre-/post-deal percentages; 10) share buyback and its percentage. Additionally,
the database allows recovering the full corporate financial information for the targets.

The Zephyr reports 27,108 domestic deals for the overlap of The Nikker NEEDS and The
Orbis firms, where a firm can be an acquirer, a target or a vendor. We define a (new) acquisition
as an increase in the acquired stakes or capital, so that the final stake is over 50% and the initial
stake was below 50% (or initial stake is unknown). Such acquisitions account for 42.6% of all
deals.Note that such deals as “Minority stake increased from 49.98% to 54.73%” also fall under

our definition of an acquisition.

R&D expenditure

We take the R&D in the cash flow statement as a proxy for firm’s R&D expenditure. Note that
this value coincides with the R&D expenditure of Japanese firms in the profit-loss statement
according to the internationally comparable methodology, as reported in The Orbis database.

Overall, the R&D expenditure is reported in different sheets of the consolidated annual
financial statements of Japanese firms The Nikkei NEEDS. R&D may be entered as: 1) a
part of asset stock (code B106), 2) expenditure on R&D in the R&D statement (code H033),
3) expenditure on R&D in the cash flow statement (code K082). The presence of the R&D
stock does not necessarily imply that the company had any type of R&D expenditure in the

corresponding year. Indeed, the stock may represent an imputed financial value of the firm’s
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intangibles. The values of the R&D expenditure and cash flow R&D may be different. Arguably,
cash-flow R&D may comprise intramural R&D expenditure which is defined in the national
statistics as the sum of firm’s self-financed R&D and net of inflow and outflow of the financial

sources on R&D. At the same time, R&D expenditure per se may be taken as self-financed
R&D.

Patent statistics

We define the flow of patents as the number of patent applications submitted by each firm
during the corresponding year. Joint patents with several owners are assigned to each owner.
Following Akcigit and Kerr (2010) and Galasso and Simcoe (2011), internal patent is defined to
have at least 50% of backwards citations to patents of the same firm, while external patent has

no backwards citations to patents of the firm.

5.2 Firm-level analysis

In this section we estimate the firm growth equation, using the sample of The Nikkei NEEDS
firms with at least one acquisition during 1999-2013.

Model with heterogeneous firms

The growth equation (21) from our model becomes
QG = ag + (Tiy + oy Ty + asYir + i) [ Qut, (41)

where QG is the percentage growth of the firm size, x;; is the number of external patents of
firm ¢ in year t, y;; is the number of firms acquired in year ¢ (so x;/Q becomes a proxy for the
rate of external innovations and y;;/Q;; becomes a proxy for the acquisition intensity), and 7;
is the firm profitability per one produced good.

Our theoretical model predicts that the effect of z;; and y;; should be positively significant
for growth of the firm size in (41).

Model with homogeneous firms

The growth equation (38) from our model becomes

2 Qg + 3Ty + QY;
_t+ 2 3Tt 43”7 (42)

Gy =ap+«a
QG =00t Qu/Y,

where z;; /Q; is a proxy for the rate of internal innovations — number of internal patents in year
t per firm size, the other variables have the same meaning as in (41), and Y; is the country GDP
which captures the overall quality ¢ /V; from (38).

Following the predictions of our theoretical model, we expect the positive signs of the

coefficients for z;¢/Qit, it/ (Qir/Ys) and yi/(Qir/Y:) in (42).

27



Table 1: Estimating the firm growth equation

Heterogeneous firms Homogeneous firms
x/Q 5.098%*** 2/Q 0.711
(0.419) (1.263)
xm/Q —0.0940*** 1/(Q/Y) —0.0123***
(0.0269) (0.00334)
y/Q 0.879*** x/(Q]Y) 0.0109%**
(0.614) (0.000943)
yr/Q —0.192 y/(Q/Y) 0.0283***
(1.583) (0.00265)
Constant 10.17%%* Constant 0.820%**
(1.146) (1.076)
Observations 7529 Observations 7561
Firms 985 Firms 990
R? 0.279 R? 0.282

Notes: The table reports the results of panel data regressions with firm-level and industry-year fixed effects.
Standard errors are in parentheses. *, ** and *** show significance at 0.1, 0.05 and 0.01 level, respectively. Q
indicates the firm size, which is proxied here by firm sales. All regressors with /Y in the denominator are
scaled down by 1000, so firm sales are in million yen, while the GDP is in billion yen.

Industry-year fixed effects are added to the right-hand side in each of the two specifications.
Table 1 demonstrates the results of the estimates for firm size, proxied by firm sales. As
expected, the rates of external and internal innovations, as well as the rate of acquisitions have a

positive effect on growth. Yet, the coefficient for the rate of internal innovations is insignificant.

5.3 Calibrating the model with heterogeneous firms

5.3.1 Identification
The model has 10 parameters listed in Table 2. We apply external calibration to the social

Table 2: Parameters of the model

Parameter Description Identification
p social discount rate external calibration
n growth rate of population macro data
T nominal rate of the corporate profit tax macro data
o, X R&D subsidy rate to entrants and incumbents macro data
(0 acquisition subsidy rate external calibration
o consumer risk aversion indirect inference
Q shape of the profitability distribution indirect inference
v cost of innovation for entrants indirect inference
a, b parameters of the R&D cost function indirect inference
c, d parameters of the acquisition cost function indirect inference

discount rate p and to the rate of subsidizing acquisitions ). The growth rate of population n and

the R&D subsidy ¢ are calibrated using the macro data on Japan’s economy. Following Lentz
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and Mortensen (2008), we use the indirect inference to calibrate the remaining parameters o,
a, n, a, b, ¢, d. Namely, we choose a set of moment conditions and find the parameter values,
which provide for the closest correspondence between the model and the data. Our estimates
exploit the financial data on Japanese firms in 1999-2016 (The Nikkei NEEDS), the information
about their deals and the number of products (The Zephyr and The Orbis), the patent statistics
(The IIP database).

5.3.2 External calibration

Following Akcigit and Kerr (2018), we use the social discount rate p = 0.02. We set ¢ = 0 as

the status quo absence of any government support towards acquisitions.

5.3.3 Macro data

We assume that the rate of R&D subsidies to entrants and incumbents are equal. So ¢ = x.
The values are computed as the ratio of the R&D subsidies to the total R&D expenditure.
The R&D expenditure come from the Statistics Bureau of the Ministry of Internal Affairs and
Communications: an aggregate intramural expenditure on innovations by business enterprises,
non-profit organizations, universities and colleges. We exploit the 2000-2004 historical data
(Statistics Bureau of Japan (2018a)) and the 2005-2013 data from Japan Statistical Yearbooks
for each corresponding year (Statistics Bureau of Japan (2018b)). We obtain the average value
of p = x = 0.0455.

We use the population statistics from the Statistics Bureau of Japan (2018b) and measure
n as the average growth rate of population in 1999-2013. The resulting value is close to zero:
n = 0.000356.

We follow the data from the Ministy of Finance (2018) and measure the average nominal

rate for profit tax over the period from 2000 to 2015. The resulting value is 7 = 0.37.

5.3.4 Indirect inference

We minimize:

2 model(i) — data(i) >
; ( model(i —i—data(z))/Q) ’ (43)

where the moments are indexed with 7. The nine moment conditions are as follows.

Real GDP growth rate

The growth rate equals n + g in our model. We target the moment using the 2000-2013 annual
data from the system of national accounts (Economic and Social Research Council at the Cabinet
Office (2018)). Excluding a short-term economic recession due to the 2008/2009 global financial
crisis, we compute annual growth rates of the GDP (in 2011 real terms) and take their mean

value.
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Real interest rate

We discipline the real interest rate r using the estimates by the World Bank together with the
International Monetary Fund. Namely, we calculate the mean of the annual values, which are
reported in the World Bank (2018) for years in 2000-2013.

R&D expenditure to GDP ratio

The model defines sales (as well as costs and profits) as multiples of the final good Y. Accordingly,
the moment for calibrating the R&D intensity is the ratio of the R&D expenditure to GDP. We
target the moment with an average value of the ratio in 2000-2013, with exclusion of 2008 and
2009.

The R&D expenditure come from the Statistics Bureau of Japan (2018a)) and the Statistics
Bureau of Japan (2018b). The nominal GDP is taken from the Economic and Social Research
Council at the Cabinet Office (2018).

Mean firm profitability

We calibrate the shape parameter « of the profitability distribution using the pooled data for
the universe of Japanese firms from the Orbis database.!’ Following the definition of profits in
our model, we compute profits as the sum of the R&D expenditure and the accounting value of
profits before tax. Next, we calculate profitability as the ratio of profits to the firm turnover.
The average annual value of the profitability, taken over the sample of firms with non-zero R&D
expenditure, becomes the data-generated moment in our analysis. Note that we remove a few

outliers with extreme values of profitability (i.e. falling out of the range of (—10, 10)).

Number of acquisitions per firm

We discipline the acquisition rate x by equating x/M to the annual values for the number of
acquisitions per firm, as reported in The Zephyr database for the matched sample of The Nikke:
NEEDS firms.

Entry rate

We equate the ratio of /M to the annual number of new firms divided by the total number
of firms in Japan. The data come from the Economic Census for Business Activity (Ministy
of Internal Affairs and Communications, Ministry of Internal Affairs (2018)). This enables

calibration of the per product entry rate 7.

Shares of firms with one, two and three goods

The share of firms with m goods equals M,, /M, where the expressions for the numerator and

denominator are given in Proposition 3.8. The data-generated moments come from the number

HData are available for 2010-2017.
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of 4-digit codes from the US Standard Industrial Classification (US SIC), as reported in the

Orbis database. We use the moment conditions for m < 3.

5.3.5 Calibration results

Table 3 reports the values of the parameters found through indirect inference. Note that the
parameter b is positive, so acquisitions increase the costs of innovation. Similarly, the positive
value of the parameter ¢ implies that the R&D makes acquisition activity more expensive for

firms.

Table 3: Calibrated parameters

o Qo v a b c d

0.6157 0.0787 0.6484 7.5632 1.2224 4.5203 5.9980

The empirical and targeted moments, given in Table 4, show that the model provides a close
fit to the data.

Table 4: Moments

Moment Data Model
Real GDP growth rate 0.0152  0.0139
Real interest rate 0.0287 0.0287
R&D expenditures to GDP ratio  0.0330  0.0330
Mean firm profitability 0.0722  0.0787
Number of acquisitions per firm 0.0990 0.0866
Entry rate 0.0234 0.0292
Share of firms with only one good 0.5523 0.5353
Share of firms with two goods 0.3396  0.2026

Share of firms with three goods 0.0770  0.1022

Figure 1 demonstrates the distributions of the number of goods per firm according to the

data on Japanese firms and on data, constructed within model calibration.

5.3.6 Policy experiments

In this section we perform a counterfactual policy analysis, targeted at establishing a relationship
between the government policy and growth through innovation and acquisition on the balanced
growth path. The government may provide an innovation subsidy through co-financing the
R&D expenditure by incumbents or entrants. The policy instruments are parameters ¢ and Y,
respectively, and negative values of the parameters should be interpreted as innovation tax. The
second policy instrument is parameter 1, which is the share of acquisition costs born by the
government. Finally, we consider lowering the nominal rate of the corporate profit tax 7 as

another type of policy, targeted at enhancing economic growth.
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Figure 1: Distribution of the number of goods produced by a firm

Our analysis examines the balanced growth equilibrium paths under different values of the
policy instruments ¢, x, ¥» and 7. We focus on the values of the growth rate g. As regards the
consumption on the balanced growth paths, it depends both on g and the initial value Cy. Recall
that government subsidies towards innovation and acquisition are financed by taxes. So higher
economic growth through higher subsidies may come at the cost of reduced production and
consumption in the initial period (namely, Cy may go down). Therefore, along with contrasting
the growth rate under different policies, we conduct the welfare analysis and evaluate the policy
effect on consumers.

Denote the policy vector © = (¢, x, ¥, 7).

Following Acemoglu et al. (2018), we define the welfare function as the utility function of a

representative consumer on an equilibrium balanced growth path:

+o00 -0 1
Uo(©) = / G Ly
0

l1—0

Let the mean value of quality equal unity at t = 0: E gy = 1. We focus on balanced growth
paths, where C; = Cye?" and

+o0 leae(l—a)gt -1 1 lecr 1
_ —pt 0 _ 0 I
Un(©) /0 e ————dt = — (p_ — p) Up(Co(O), g(O)).

Similarly to Acemoglu et al. (2018), we compare two policies ©; and O, through introducing a
multiplier £ to Cy. The approach equates the utility of £Cy under the first policy to the utility
of Cy under the second policy:

Uo(€C0(©1),9(01)) = Us(Co(O2), 9(O2)).

So policy O is less efficient than ©, when £ > 1, and we interpret £ — 1 as the welfare gain due
to the changeover from the first to the second policy.

In the empirical analysis in this section we focus on the comparative statics of innovation and

32



acquisition rates, growth rate and welfare gain under the five combinations of policy instruments:
1. Uniform R&D subsidy, ¢ = x € [0,0.1],
2. R&D subsidy to incumbents, ¢ € [0,0.1],
3. R&D subsidy to entrants, x € [0,0.1],
4. Acquisition subsidy, ¢ € [0,0.1],
5. Corporate profit tax, 7 € [0.25,0.4].

Finally, we compare economic efficiency of the four polices, related to co-financing innovations
and acquisitions. For this purpose we take a given increase in the amount of government support
to a firm (as % of GDP), and compute a required rise in the subsidy rate for innovation or
acquisition. Next, we calculate the values for growth rate and consumer welfare under the
required rate for each policy instrument (See Figure 3). Note that lowering the corporate profit
tax induces various changes in the economy, which may lead to moves across different balanced
growth paths within one policy experiment. Accordingly, the economic efficiency of the decrease
of the corporate profit tax would be upwards biased. So the policy becomes incomparable to

the government subsidies for innovations and acquisitions.

R&D subsidy to entrants

The effect of an increase in R&D subsidy to entrants is reported on Figure 2, left panel. The
policy stimulates innovation and the effect is associated exclusively with the activity of entrants.
The incumbents decrease both their innovation rate and acquisition rate. The overall effect on
economic growth and consumer welfare is positive (Figure 2, right panel). R&D subsidies to
entrants are the most efficient across the innovation and acquisition policies for increasing the

economic growth and consumer welfare, as is shown on Figure 3.
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Figure 2: Effect of the R&D subsidies to entrants
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Figure 3: Policy comparison

Uniform R&D subsidy

A uniform value of R&D subsidy to all firms leads to a boost in the overall innovation rate
(Figure 4, left panel). The effect may be attributed solely to incumbents, since the innovation
rate by entrants drops appreciably. At the same time, higher R&D subsidies decrease the rate
of acquisitions. Nonetheless, the overall effect on economic growth and consumer welfare is
positive (Figure 4, right panel). As regards economic efficiency, the uniform R&D subsidies are
more costly than the R&D subsidies for entrants. Yet, the policy is cheaper than the subsidy

towards the acquisition costs or towards the R&D by incumbents (Figure 3).
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Figure 4: Effect of the R&D subsidies both to incumbents and entrants

R&D subsidy to incumbents

The innovation rate in the economy increases owing to a rise in R&D subsidy to incumbents
(Figure 5, left panel). The effect may be attributed solely to incumbents, as the innovation

rate by entrants declines. At the same time, higher R&D subsidies negatively affect the rate of
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acquisitions. The overall effect on economic growth and consumer welfare is positive (Figure 5,
right panel). To sum up, providing the R&D subsidies to incumbents is effective for increasing
the growth rate and raising consumer welfare. Yet, it is the worst policy in terms of economic

efficiency, as may be revealed from Figure 3.
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Figure 5: Effect of the R&D subsidies to incumbents

Subsidy towards acquisition costs

An increase in acquisition subsidy to incumbent firms raises both the innovation and acquisition
rates (Figure 6, left panel). As a result, there is an acceleration of growth and a rise in consumer
welfare (Figure 6, right panel). Subsidizing acquisitions provides a low value of economic
efficiency. The policy is only slightly cheaper than the R&D subsidies to incumbents and
requires higher government expenses than the R&D subsidies to entrants or the uniform R&D

subsidies to all firms (Figure 3).
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Figure 6: Effect of the acquisition subsidies to incumbents
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Decreasing the rate of the corporate profit tax

Decreasing the rate of the corporate profit tax lowers the acquisition rate and the innovation

rate by incumbents but raises the innovation rate by entrants (Figure 7). The overall innovation
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Figure 7: Effect of decreasing the rate of the corporate profit tax

rate by all firms in the economy goes up, leading to an increase of the growth rate and a rise of

the consumer welfare.

6 Conclusion

The lack of a robust pattern of acquisitions may impede ability of the industrial base to innovate.
It is therefore highly important to investigate how acquisitions can contribute to healthy R&D
strategies of firms and to overall economic growth. An adequate economic environment may be
another prerequisite for fostering technological change through the acquisition of innovations.

In this paper we focused on acquisitions in the context of endogenous growth with tech-
nological change. We developed a model with acquisition of innovations, which builds on key
microeconomic evidence regarding the behavior of acquired and acquiring firms. The empirical
part of the paper evaluated the effect of acquisitions on growth rates in the contemporary
Japanese economy.

The results of our estimates offer persuasive evidence in support of the novel hypotheses of
our model concerning positive impact of acquisitions on firm growth and growth in the economy.
Our findings suggest that the social planner should provide incentives for acquisitions, since
such incentives increase rates of both innovation and acquisition.

We let the R&D cost function depend simultaneously on the intensity of acquisitions and
of innovations. Our estimated complementary parameter between acquisition and innovation
intensities is positive for the contemporary Japanese economy. So an increase in the intensity of
acquisitions rises R&D costs, but lowering the costs of acquisitions leads to increase in both

acquisitions and innovations rates.
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Appendix A Solution of the model with heterogeneous

firms

A.1 Consumer

Proof of proposition 3.1. The Hamiltonian for the consumer utility maximization problem is
H = e_th(Ot) + )\t((rt — n)St + wy — Ct + T+ Tt)

The first order conditions are

OH

50, = e U (Cy) — M = 0, (A.1)
—g—gt =—(ry—n)\ = M. (A.2)
Combined with (2), they imply
%Z—%(H—H—P) :rt_aﬂ. (A.3)
which finishes the proof. O

A.2 Producer of the final good

Proof of proposition 3.2. The first order conditions for the problem (5) of the producer of the

final good are:

Y%fwlmxmwzaw,jemm (A4)

Taking both sides in logs and integrating over all the goods yields

1 1 1
[ wxai- [ wxai= [ e (A5)

0 0 0
which immediately implies the proposed statement.!? O
Proof of proposition 3.3. The statement follows directly from (A.4) and (4). H

A.3 Profitability distribution

Proof of proposition 3.6. Since

E(r' |7 <7)= ﬁ/@ 7 f(7")dr',

12More precisely, if the statement of proposition 3.2 does not hold, then the finite non-zero solution for the
producer optimization problem does not exist.
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we can substitute the F'(7’) definition and get

b o/ =a) [T, pacyyieay s /A=) o iy
E(ﬂ"ﬂ' S’TF)—W ; T T dW,—W(l Oé)ﬂ' = QT

which gives the statement of the proposition. O

A.4 Innovation and acquisition rates

Proof of proposition 3.7. Conjecture the per capita firm value function in the form on a balanced
T

growth path V;(m) = —muY};, where v is a constant. The optimal values for hazard rates of
0

innovation and acquisitions are, respectively, I = Am and J = km for yet unknown constants A

and k. Hence the Bellman equation on a balanced growth path is

PVi(m) = V() =
(1—7)rmY; — %m(l — 7 — )@\ + 2AK)Y, — (1 — 7 — w)%m@cm +dr?)Y,
+ Am[Va(m + 1) = Vi(m)] (A.6)
+km[Ve(m+1) = E(Vp (1) | 7' < ) — Va(m)]

a3 Watm = 1) = ViG] .

i=1

Here p is the rate of appropriation of goods, which happens because of innovations by rivals
and new entrants.

Substituting gvat for V:(m) and dropping ngt, which enters as a multiplier for all the
i i
terms, we get the following problem:
(r—g—n)v=max{(l —7)7 — (1 — 7 — ¢)(a\* + 2bAk)
A (A7)
— (1 =7 =) (2eAs + dr*) + Mo + k(1 — a)v — v}

The first order conditions are:

20 —7—=d)aA+2((1 =7 — )b+ (1 =7 — 1))k = v,
200 —7—=)b+ (1 —7—=Y)O)A+2(1 =7 —Y)dk = (1 — a)v,

which can be solved for A and  to get

 Oer-d-(A-r-ht(-r-¥)I1-a) v
S e e e (R T R s L AN
Tl (T @bt (T -w)) v "

(7@l —7— 9} — (L7~ )b+ (17— )2 '
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The equation on v comes from the solution to (A.7):
(r—g—n+p—A+r(1—a)))v = (1-7)7—(1-7—8)(a\*+2b\k) — (1 —7—1) (2cAk+dr?). (A.10)

We derive another equation on v from the entrant optimization problem. Assume nonzero
entry rate on the balanced growth path, so the first order condition for (9) and with the free
entry condition imply:

v=(1-x).

This finishes the proof. O
A.5 Distribution of the firm size
Proof of proposition 3.8. The steady state equations for the mass of firms with m products are:

p—A+2uMy = (N+ Kk + p) My + £(My + 2My +3Ms + -+ ), (A.11)
(m =1\ +K) My + (m+ DMy =m\+ &+ p)My,, m>2. (A.12)

The solution to this system takes the form

)\+H)m1 1

Mm:B(
i

and B can be found using (A.11):

A+ A+ At k)
/L—)\—F[LB(TK):()\+H+M)B+/€B<1+( uﬂ)—i—( MK) ~I—>

Therefore,

M= A p—A—K  p—A—K

B , A.13
Iz = A I (4.13)
and the total mass of firms is:
1/ A+ 1/A 2
M=M+My+Ms+---=B|1+= r + = T 4+ .-
2 W 3 I
— B —*" AFRY o Amm (m .

bW—A—K L A K L—A—K

m
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A.6 Closing the model

Proof of proposition 3.9. Consider the system of equations (12), (13), (14), (15), (18), (19).

v=(1-x)v, (A.14)
_ (A= r=)d—(A—7 )b+ (1 -7—%)c)1—a) v
A TPl =7~ Pd— (=7 — b+ (1 =7 — )R (A.15)
K= (1—T—¢)a(1—04)—((1—7—¢)b+(1—7—¢)c) E <A16)
(= 7= da(l— 70— (17— O+ (I~ 7~ P2 |
(r—g—m+p—A+rl—-a))) (A17)
=(1—7)7—(1—7—9¢)(ar\ +2b\k) — (1 — 7 — ¥)(2cAk + dr?),
g = plng, (A.18)
g:T—Z—P. (A.19)

Equations (A.14)—(A.16) determine the values v*, A* and k*. Next, substituting (A.18)
and (A.19) into (A.17), we get

(p[(c—DIng+1]+p—N—r*(1—a))v* = (1-7)F—(1—=7—0) (aN*+20\* k") — (1 =7 =) (2cN* K +-dK*?),

which gives p*. Plugging it into (A.18) we find ¢*, and then r* from (A.19). This finishes the
proof. n

A.7 Market clearing conditions on a balanced growth path

The labor market:
Lt - Nt, (AQO)

where N, is population (labor supply), L; = exp < fol In Z,( j)dj) is the demand for labor by the
producers of intermediate goods.
The market for the final good:

CyNy + (aX? + 2bAR)Y; + (2cAk + dx?)Y; +vnY; =Y, (A.21)

where the left hand side part lists the expenditures on consumption, the R&D and M&A.
The savings/investment market: As is shown in Proposition 3.7, the value function of an
incumbent on a balanced growth path is gvat, so the clearing condition for the savings market
can be expressed as "

SiN; = vY;. (A.22)

The profits and dividends: The profits of the producer of the final goods are dividends

Ht = 7TtNt
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which are equal to zero in an equilibrium.

The government budget:

B(aX? + 2bAk)Y; + xvnY; + ¥(2eAk + dk?)Y; + TiN;
= 7(7 — (a\? + 2bAK) — (2cAk + dk?))Y;. (A.23)

Appendix B Solution of the model with homogeneous

firms

B.1 Consumer

Proof of proposition 4.1. The Hamiltonian for the consumer utility maximization problem is
H = efth(Ct) -+ >\t<('rt — n)St + wy — Ct + T — n)

The first order conditions are

2c, = e P'U'(Cy) — N =0, (B.1)
—g—g = —(r, —n)\ = A (B.2)
Combined with (25), they yield
G_ UG, y_nne
Cy U"(Cy)Cy o
which finishes the proof. O

B.2 Producer of the final good

Proof of Proposition 4.2. The first order conditions for the producer of the final good are

Zlgz =f % —wy =0 (zero-profit condition), (B-3)
8Ht B \N1.=B(.\TB ]

— =g’ () PG — pe(G) = 0. v

35 (j) a; (3)k: " () Ly — pe(d) (B

Equation (B.4) implies the demand for good j:

k(3) = pi ()@ (5) Lo (B.5)

and the inverse demand is:

PG ke(5)) = @ )k P () LY. (B.6)
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[]

Proof of proposition 4.3. Insert the amount of each intermediate good (B.11) into the production
function of the producer of the final good:

1_ 5 )qt (1_5)/6 17,8 17ﬁ ) .
Y, = ﬂ/qt )k dJ— 5/ ( ) Ly q, " (j)dj

- - B( — B)a )(1 ’8)/5/ J()dj = Ly(1 — B)A-28)/B,,B=1/B1/5
— w ;

t

(B.7)

Using zero profit condition (B.3), we get w, = BY;/L; = B(1 — ﬁ)(kw)/ﬁwg_l)m@l/ﬁ which
implies w, /6 _ = B(1 - 5)(1725)/5@1/6 and finally

=371 = 5)"*q. (B.8)

Proof of proposition 4.4. Inserting (B.8) into (B.7) yields

Y, = Ly(1— B)(P?ﬂ)/ﬁﬁﬁfl(l _ ﬁ)(1*25)(/3*1)/5@(5*1)/5@1%’

or
)

}/t = 51_[3

GiLy. (B.9)

B.3 Producers of intermediate goods

Proof of propositions 4.5 and 4.6. Insert the reverse demand (27) into the instantaneous profit

maximization problem. The first order conditions become

(1= B (LK P () = Z’—

Rearranging the terms, we obtain the equations for the price p and quantity k:

Wy

; Br.—B _
pe(§) = @ ()L Ky =97 (B.10)
_g)a\ /8
ke(5) = (ﬂTtB)Qt) Liqi(5)- (B.11)

Plugging in (B.10) and (B.11) into the expression for profits yields:

n) = (e =) (U29) 7 nai = s - sy ()
(B.12)
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Finally, plugging in (B.8) into (B.12), we get the profits of the producer of the intermediate
good:

m(j) = B(1— B8 (881 — gy =20 " ()L,

It implies
m(j) = 6°(1 - 5)2(175)[46]7&(.7')- (B.13)

Production of k;(j) units of good requires [;(j) = ki(j)/q; units of labor. Formally,

N (1 _ A\YB (p—B(1 _ p\28-1\1/8 Qt(j):(1—5)2 Qt(j)
L(j)=(1-75) (6 (1-25) ) Ly 0 3 Ly o

Accordingly, all producers of intermediate goods hire

R T Gl i )l
Lt—/o L(5)dj = 5 Ltqt— 5 L,.

Denote N; the total population. Our model equates the total population and the total labor

force. The labor market clearing condition becomes

Ny=L,+L,= (1+(1_6)2) L.,

which implies

Lt = m]\ft, (B14)
e (1- 6y
Lt == m]\ft, <B15)

which finishes the proof of Proposition 4.5. Using this expression for the labor force employed

in the production of the final good, we simplify the profits of the producer of the intermediate

good:
e e ) N
m()) = (1-B)2+7 qt(J) Ny = mqu(j) Ne, (B.16)
F1+9(1 — )21
where m = . This finishes the proof of Proposition 4.6. n

(1-5)+p
Proof of propositions 4.7, 4.8, and 4.9. Using the fact that a good with zero quality has no

value, conjecture the firm value function as V(g) = AN; Y (7). Insert it in the Bellman

jei 4
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equation of the firm

(r—mAY q) =  max

I Tmym,{z(5)}

ST = mg(i) — (1= 7 = $)R2(7)a(5) + () Ag(i)A — nAq(H)]

i€ i i (B.17)
+ 2, AG(1+1) — (1 — 7 — @) (X2, + 202,y )gm ™"
+ymAGe — (1 =7 — 6)(Xyp, + 202, Ym)gm ™"

— @mq‘}.
Maximization of the right-hand side in {z(j)} and (2,,, y,) yields:
(r—n)A=max{(1—-7)r—(1—7— g%))%?fb + zAN — pA}, (B.18)
0= max{z, A(1+7) — (1 — 7 — @) (X22, + 202y )m
EmYm ) ) : (B.19)
+ ymA’i - (1 - T ¢) ()v(y?n + 25$mym)m_1 - @m}

There exists ® that ensures that the last equation holds (this proves Proposition 4.7), otherwise
the solution does not exist. Combining equation (29) and the free entry condition Vj = 0, we

obtain:
0= (r — m)Vo = max{rcAq(1 + 1) — w1~ Gwg) = maxc{a[ A+ 1) — (1~ 6)u]a).

(1-o)v
1+n

If the solution is internal (i.e. x, > 0), then A = This finishes the proof of

Proposition 4.8.
Maximizing (B.18), we get the values for all z(j):

1/(-1) 1/(-1)
() = < AN . ) - ( (1= g)A . ) . (B.20)
(I—=7—o)xv (L+n)1—7—d)R

The first order conditions for (B.19) become

2(1 =7 = Q)X (wm/m) +2((1 =7 = 0)d + (1 =7 = $)8) (ym/m) = A(1 + 1), (B.21)
2((1 =7 =)0 + (1 — 7 = §)d)(@m/m) +2(1 — 7 = §)X(ym/m) = Ak. (B.22)

The solution to this system yields z and y:

T = (L-T -3+ (- - P 2
(=7 =9)0+ (1 -7 =)+ +(1-T—-¢)xn A
2

(I—7= @)1 —7= XX — (1—T =)+ (1 —7—3)0)?

Ym =M (B.24)
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Substituting A with (1 — ¢)v/(1 +n) leads to

TR+ — (=T = @i+ (== (1— g
(I—r=a(1 -t~ (-7 =)+ (1—7 =) 20+’

—((1-7=9)0+(1-7-d))A+n)+(1-T-d)xx  (1—¢)v
(L=7=0)(1=7=@X~ (L=7=)0+ (1 -7 -¢))? 2(1+n)

Tm =

(B.25)

So the rate of external R&D per product and the hazard rate of acquisitions are constant in the

optimum. Denote them x = x,,/m and y = y,,/m. This finishes the proof of Proposition 4.9 [

B.4 Firm sizes

Proof of proposition 4.11. Recall that any firm can buy a firm with one good. The stationary

conditions yield

# of products Inflow Outflow
m =20 Fsip+ Fy(s; +2sy+--+) = Te,
m=1 Fsy - 2u+ x. = Fsi(zx+p+y)+
Fy(s1 +2s9+-++),
m > 2 Fspii(m+1)u+
Fspa(m—1)(z+y) = Fspm(p+z+y).

or equivalently

Te
sipp+y(s1+ 2894+ ) = ==,
Te
So2u+—==s1(p+x+y)+y(s;+2s+-),

F
Smr1(m+ D+ spmo1(m — 1) (x +y) = spm(p+ x + ).

The solution to third equation is

m—1
sm:B<x+y> L
L m

where B is a constant. The mean value of the firm size is

2
M =5 +25+3s3+---=B 1+(M)+(x+y) +.oi|l=p—H
7 7 p—z—y

The sum of the shares of all firms equals one, so

1 21
$1+89+---=B 1+(x+y>_+(a:+y) — .. :Bln(L)/(l’—i_y):l’
po) 2 @ 3 p—x—y 7

which leads to the expression for B.
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The number of goods is normalized to one, so

1 —r—
A k. ym( k )
M T+y w—x—y

The equation may be interpreted as a definition of the rate for creative destruction: a sum of

the rates for external innovations by entrants and incumbents. O]

B.5 Rate of creative destruction

Proof of proposition 4.13. The statement of this proposition directly follows from (B.18) and
from Proposition 4.10. O]

B.6 Closing the model

Proof of proposition 4.14. The value of A, z, x, and y are directly found from (31), (32), (33),
and (34) respectively. By substituting them into (36) and into (37), we get a system of linear

equations for p and g. Substituting the solution into (35), we calculate the interest rate r. [

B.7 Market clearing conditions on a balanced growth path

The labor market:
L+ L, = N, (B.27)

where IV is population (labor supply), L; is the labor demand for the producer of the final good,
L, = fol l(7)dj is the demand for labor by the producers of intermediate goods, and [;(j) is the
demand for labor by the producer of a good j.

The market for the final good:

CiN; + X2 @ N; + (Xa? + 202y) G Ny + (Xy? + 202y) G Ny + 2., N, = Y, (B.28)

where C} is a per capita consumption of the final good by the representative consumer, Y; is
an amount of the final good, and the remaining terms represent the total costs of internal
innovations, acquisitions, and external innovations by incumbents and entrants.

The savings/investment market: Consumers hold their savings in the stocks of the firms,
producing intermediate goods. The value of a firm V(q) = AN, > _,;q(j). This implies the

following market clearing condition on a balanced growth path
StNt - AqtNt, (B29)

where S; is the amount of savings held by consumers.
The profits and dividends: The profits equal the dividends

IT; = m Ny

20



which are zero in equilibrium.

The government budget:

q@;%zﬁq_tNt + gz~5()~(m2 + QSacy)ctht + ¢z vqN; + gzvﬁ(f(y2 + 25xy)qtNt + T, N,
= 7(7 @ Ny — X2Y G Ny — (Xa® + 200y) @ Ny — (Xy* + 202y)@:Ny). (B.30)

We assume that the government balances its budget at every time period.

Appendix C Data work

C.1 Match the Nikkei NEEDS with patent data

We start with the names of Nikkei NEEDS firms, which report financials for any year in
19642016 (as of the Sep 2017 update). We match the Japanese names of the Nikkei NEEDS
firms to the Japanese names of the applicants in the I[IP Patent database (as of the Sep 2017
release). For this purpose we use the applicant files in the ITP Patent database along with the
raw data on patents, coming from the Japan Patent Office and available at the J-PLAT-PAT

platform by Japan’s National Center for Industrial Property Information and Training.

Initial match

We conduct the initial match across the names of the Nikkei NEEDS firms and the name of
applicants in the IIP Patent database. First, an automated script calculates similarity scores
for kana name and kanji name between all pairs of firms in Nikkei NEEDS and in the Patent
database. The script uses Levenstein’s algorithm to compute the Hamming distance. We
keep the firms with either of scores greater than 0.7 and then re-examine them during manual
refinement.

Second, we keep full address, provided in the patent database. Matches with the same name
and addresses with distance less than 3 are considered identical. We keep only one of such
identical matches for further refinement.

Third, most recent patent applications for any discovered match are extracted from the IIP

Patent database. We use three such applications in the further refinement.

Refinement

We exploit the original information on patent applications from the J-PLAT-PAT platform and
use it for verification. The work may be outlined as follows.

First, we take the most recent patent application, found during the initial match for a
Nikkei NEEDS firm. For each such application we requested the information on the J-PLAT-
PAT database and the response rate was 99.5 percent. The response on a patent application

either contained the English names of applicants or the original (non-processed) scan of patent
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application. The non-response may be interpreted as the absence of the patent application in
the J-PLAT-PAT database.

Second, we use the English name of the applicants to establish a similarity score with the
Nikkei NEEDS firm.

Third, if only the patent scan is available, we manually examine it for full information about

the applicants. The criteria to eliminate errors of the initial match are firm names and location.

C.2 Match the Nikkei NEEDS with the Orbis database

We start with the full list of 4 million Japanese companies, available in Orbis as of Mar 2018.
Using an automated script and manual refinement, we match the Nikkei NEEDS companies by
name (both in Japanese and English) and prefecture. Next, we use manual refinement of the
automated match and check for the correspondence between the industry names, reported in
both databases. Finally, we exclude the matches with a high discrepancy among the value of
annual sales (turnover) in Nikkei NEEDS and Orbis. Here we control for the similarity of the
consolidation code in Nikkei NEEDS and Orbis.

C.3 Match the NIKKEI NEEDS with the Japan National Innova-

tion Survey

We match two lists of firms: the names of Nikkei NEEDS firms, which report financials for any
year in 1964-2016 (as of the Sep 2017 update) and names of the JNIS firms (the disclosed list
of 18,000 firms as of the 2016 release).

Our automated script uses Levenstein’s algorithm to compute the Hamming distance between
the kana readings of the Nikkei NEEDS and the JNIS firms. The script calculates string similarity
scores for three best matches. Additionally, the script computes the scores for the match of
prefecture names across the Nikkei NEEDs and the JNIS firms (1 if matched).

The manual part of work starts with filtering the results of the script: we use the entries
with the score for first best match above 0.7 or with the identical kanji names of the match and
the master record. Next, we examine the names of the three matches and chose the number for
the true match.

Finally, we add full address from the JNIS, so the overlap contains the kanji and kana names
of the firms in the two surveys, prefecture names, the full address, the English names from
Nikkei NEEDs and the English name from JNIS (if present).
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