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Abstract

This thesis examines various forces that affect aggregate performance. In particular,
it focuses on competitive pressures and analyses their determinants. It also analyses
the importance of the human capital portfolio composition for aggregate performance.
Specifically, in the first chapter, it offers an endogenous growth framework, where it
models knowledge (patent) licensing among high-tech firms. In such a framework it
evaluates how different types of competitive pressure can matter for innovation in high-
tech industries. In the second chapter, it offers empirical evidence that the country-wide
uptake of telecommunication technologies increases competition in services and goods
markets. In turn, in the third chapter, it defines two types of human capital and
suggests how the human capital portfolio matters for long-run growth and welfare.

In the first chapter, I present an endogenous growth model, where the engine of
growth is in-house R&D performed by high-tech firms. I model knowledge (patent)
licensing among high-tech firms where licenses are essentially permits for licensees to
use the knowledge of the licensor in the R&D process. I show that if there is knowledge
licensing, high-tech firms innovate more, and economic growth is higher than when
there are knowledge spillovers, or there is no exchange of knowledge among high-tech
firms. Conditionally that high-tech firms innovate, I show that increasing intensity and
toughness of competition in the high-tech industry increases innovation. When there
is an exchange of knowledge among high-tech firms, in terms of licensing or spillovers,
increasing the number of high-tech firms also increases innovation. However, when
there is no exchange of knowledge, the relationship between innovation in the high-
tech industry and the number of high-tech firms has an inverted-U shape.

Finally, endogenizing the number of high-tech firms I show again that when there
is knowledge licensing, high-tech firms innovate more and economic growth is higher
than in the latter two cases. However, the number of high-tech firms is lower.

In the second chapter, co-authored with Anna Kochanova, we use evidence from
21 EU countries to investigate the relationship between the country-wide uptake of
high-tech goods such as telecommunications and the level of product market compe-
tition in services and goods markets. We find that the uptake of telecommunication
technologies significantly increases the level of product market competition. Our result
is consistent with the view that the use of these technologies can lower the costs of
firm entry. This result contributes to the ongoing debate about the impact of telecom-
munication technologies, as well as information and communication technologies on
aggregate performance. In particular, since competitive pressures matter for allocative
and productive efficiency, our results imply that the benefits from a particular type of
ICT, telecommunication technologies, may come not only from direct use (e.g., email



vs. mail) but also from higher competition.

In the third chapter, co-authored with Evangelia Vourvachaki and Sergey Slo-
bodyan, we propose a new way to differentiate horizontally across skill types in order to
analyze the impact of human capital composition on aggregate economic performance.
As in the existing literature, we exploit the cross-occupational differences with an ex-
ception that our definition derives from cross-industry heterogeneity in the production
function: We differentiate human capital skills according to their "industry specificity."
In particular, we define two types of human capital: "specific" and "general." As spe-
cific human capital, we define a set of skills that are required for production in few
industries. As general human capital, we define a set of skills that are required for
production in a broad set of industries.

We use Czech labor survey data to summarize the facts regarding the employment
and education levels of the two types of human capital for the Czech economy. We find
a rather uniform level of skills across the specific and general types of human capital
that agrees with our horizontal differentiation of skills. Moreover, we find that in 2007
approximately 36 percent of total labor input was comprised of specific human capital.
Our evidence also suggests that this share has been steadily falling since the mid-90s.

To provide an explanation for this trend and illustrate how it can matter for long-
run growth and welfare, we build up an endogenous growth model, where education
and R&D are costly activities. In the model, both general and specific human capital
are used in final goods production, while only specific human capital can serve as input
into the educational sector and R&D. We also explicitly take into account the com-
plementarity between basic R&D and the education process and positive externalities
in R&D. In this respect, the model implies a positive relation between specific human
capital intensity and economic growth. This suggests that there can be long-run wel-
fare costs involved in the falling share of specific human capital as observed in the
Czech data. We also discuss optimal educational policies in the presence of market
distortions.



Abstrakt

Tato disertacni prace zkouma ruzné sily, které ovliviuji agregatni vykonnost. Zejména
se zameétfuje na konkurencni tlaky a analyzuje jejich determinanty. Prace také analyzuje
dilezitost slozeni portfolia lidského kapitalu pro agregatni vykonnost. Konkrétné v
prvni kapitole predstavuje ramec endogenniho ristu, ve kterém modeluje licencov-
ani znalosti (patentt) mezi high-tech firmami. V tomto ramci pak vyhodnocuje,
jak rozdilné druhy konkurenc¢nich tlakii mohou byt dilezité pro inovace v high-tech
odvétvi. V druhé kapitole predstavuje empirické diikazy o tom, ze Siroké prijeti teleko-
munikac¢nich technologii v urcité zemi vede ke zvySeni konkurence na trhu zbozi a
sluzeb. Pro zménu ve tieti kapitole definuje dva typy lidského kapitalu a ukazuje, jak
je portfolio lidského kapitalu dulezité pro dlouhodoby rist a prosperitu.

V prvni kapitole predstavuji model endogenniho ristu, kde zdrojem ristu je vyzkum
a vyvoj high-tech firem. Modeluji licencovani znalosti (patenti) mezi high-tech fir-
mami, kdy licence v zasadé umoznuji jejimu drziteli vyuzivat znalosti prodejce licence.
Ukazuji, ze pokud existuje licencovani znalosti, high-tech podniky vice inovuji a eko-
nomicky rast je vyssi nez v pripadech, kdy existuje prelévani znalosti nebo nedochazi
k vyméné znalosti mezi high-tech firmami. V piipadech, kdy high-tech firmy inovuji,
ukazuji, ze vySsi intenzita a tvrdost konkurence v high-tech odvétvi zvysuje inovace.
V pripadech, kdy dochazi k vymeéné znalosti mezi high-tech firmami v podobé licen-
covani nebo prelévani, zvySovani poc¢tu high-tech firem také zvySuje inovace. AvSak v
pripadé, kdy nedochazi k vymeéneé znalosti, zavislost mezi inovacemi v high-tech odvétvi
a mnozstvim firem ma tvar oto¢eného U.

Konec¢né v piipadé, ze pocet firem je endogenni, ukazuji znovu, 7e pfi existenci
licencovani znalosti high-tech firmy inovuji vice a ekonomicky rust je vysSi nez ve
zbyvajicich dvou piipadech. MnozZstvi firem je ale mensi.

V druhé kapitole, jejiz spoluautorkou je Anna Kochanova, pouzivime data z 21
zemi EU ke zkoumani vztahu mezi Sirokym pfijetim high-tech zbozi jako jsou teleko-
munikace a tGrovni konkurence na trhu zbozi a sluzeb. Zjistujeme, Ze piijeti teleko-
munikacnich technologii signifikantné zvysuje troven konkurence na trhu produkti.
Nase vysledky jsou konzistentni s nazorem, Ze pouzivani téchto technologii snizuje
vstupni naklady firem. Tento vysledek pfispiva k probihajici debaté o dopadu teleko-
munika¢nich technologii i informa¢nich a komunikaénich technologii (ICT) na agregatni
vykonnost. Konkrétné pak, vzhledem k tomu, Ze konkuren¢ni tlaky jsou dilezité pro
aloka¢ni a produkéni efektivitu, nase vysledky implikuji, Ze vyhody z konkrétniho typu
ICT, telekomunika¢nich technologii, mohou plynout nejen z pfimého pouzivani (napf.



email versus posta), ale také z vyssi konkurence.

Ve treti kapitole, jejiz spoluautory jsou Evangelia Vourvachaki a Sergey Slobodyan,
navrhujeme novy zpusob, jak diferencovat mezi typy dovednosti, abychom mohli ana-
lyzovat dopad slozeni lidského kapitalu na agregatni ekonomickou vykonnost. Podobné
jako v existujici literatufe vyuzivame rozdily mezi zaméstnanimi s tim rozdilem, ze
nase definice vychazi z riznorodosti produkéni funkce mezi odvétvimi: RozliSujeme
dovednosti v ramci lidského kapitalu podle jejich ,odvétvové specificnosti‘. Konkrétné
definujeme dva typy lidského kapitalu ,specificky” a ,obecny“. Jako specificky lidsky
kapital definujeme soubor dovednosti, které jsou potfebné pro produkci v omezeném
poctu odvétvi. Zatimco obecny lidsky kapital definujeme jako soubor dovednosti, které
jsou pozadovany pro produkci ve velké mnoziné odvétvi.

Pouzivame data z prizkumiu na ceském trhu prace ke shrnuti faktu tykajicich se
zameéstnanosti a arovné vzdélani dvou typu lidského kapitalu pro ¢eskou ekonomiku.
Zjistujeme spise rovnomérné rozdéleni irovné dovednosti mezi specificky a obecny typ
lidského kapitalu, coz se shoduje s nasim horizontalni rozdélenim dovednosti. Dale
zjistujeme, Ze v roce 2007 pfiblizné 36 procent celkového pracovniho vstupu zahrnoval
specificky lidsky kapital. Nase vysledky také naznacuji, Ze tento podil setrvale klesal
od poloviny 90. let.

Abychom poskytli vysvétleni tohoto trendu a ilustrovali, jaké muze mit dusledky
pro dlouhodoby rist a prosperity, konstruujeme model endogenniho ristu, ve kterém
vzdélani a vyzkum a vyvoj jsou nakladné aktivity. V modelu je obecny i specificky
lidsky kapital pouzit k produkci findlnich statki, zatimco pouze specificky kapital muze
byt pouzit jako vstup do sektoru vzdélani a vyzkumu a vyvoje. Také explicitné bereme
v potaz komplementaritu mezi zakladnim vyzkumem a vyvojem a procesem vzdélavani
a pozitivni externality pii vyzkumu a vyvoji. V tomto ohledu model implikuje poz-
itivni zavislost mezi intenzitou specifického lidského kapitédlu a ekonomickym ristem.
Toto by znamenalo, Ze klesajici podil specifického lidského kapitadlu, pozorovany na
¢eskych datech, muze predstavovat dlouhodobé negativni dopady na prosperitu. Také
diskutujeme optimélni politiku vzdélanosti za pritomnosti deformace trhi.
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Chapter 1

Knowledge Licensing in a Model of
R&D-driven Endogenous Growth

Abstract

In this paper, I present an endogenous growth model where the engine of growth is in-house
R&D performed by high-tech firms. T model knowledge (patent) licensing among high-tech
firms. I show that if there is knowledge licensing, high-tech firms innovate more and economic
growth is higher than in cases when there are knowledge spillovers or there is no exchange of
knowledge among high-tech firms. However, when there is knowledge licensing the number
of high-tech firms is lower than in cases when there are knowledge spillovers or there is no
exchange of knowledge.

JEL Codes: 030; 041; L16
Keywords: Knowledge licensing; Intra-firm R&D; Competitive pressure; Endogenous growth

Some parts of an earlier version of this work have been published in Jerbashian|(2011). This work and
its earlier versions were presented at the RES Conference in Egham (2013); the 7th EBIM Doctoral
Workshop in Bielefeld (2012); the Armenian Economic Association Workshop in CBA in Yerevan
(2012); the 23rd ITS European Conference in Vienna (2012); the Conference ICT in Paris (2012);
the 10th International IO Conference in Arlington, VA (2012); the ICT Conference in Munich (2012);
the 1st Armenian Economic Association meeting in Yerevan (2011); the DEGIT in Saint Petersburg
(2011); the International Conference "Challenges of Europe" in Split (2011); the 6th Biennial CES
Conference in Prague (2010); and the Bratislava Economic Meeting 2010. An earlier version of this
work won the second prize in the competition Young Economist of the Year 2011 awarded by the
Czech Economic Society. The support of GA UK grant No. 79310 and GA CR project P402/12/G097
is greatly acknowledged. All errors remaining in this text are the responsibility of the author.
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1.1 Introduction

A number of growth models treat private firms’ intentional investments in R&D as the
driver of long-run growth and welfare (e.g., Romer, |1990; |Aghion and Howitt, 1992;
Smulders and van de Klundert} [1995). These models assume that there are knowledge
spillovers in R&D process and R&D builds on a pool of knowledge. In this sense these
growth models abstract from the role of knowledge (patent) licensing and from the
details about the exchange of knowledge in the economy. Nevertheless, licensing and
establishing consortia for exchanging patents is common in high-tech industries (e.g.,
Hagedoorn, {1993, 2002).@ Moreover, it has been extensively argued that exchanging
patents plays a significant role for innovation in these industries (e.g., Grindley and
Teece, 1997; Shapirol [2001; |Clark, Piccolo, Stanton, and Tyson, 2000).@ For instance,
yet at the beginning of the previous century the major players in the Radio, Television
and Communication Equipment industry in the United States experienced difficulties in
innovating and advancing their products until the establishment of a patent consortium,
RCA Corporation. Meanwhile, high-tech industries are the top private R&D performers
and there is a large body of anecdotal and rigorous empirical evidence that they make
a significant contribution to economic growth (e.g., Helpman) 1998;|Jorgenson, Ho, and
Stirohl, 2005)).

In this paper I present an endogenous growth model where high-tech firms engage
in intra-firm (or in-house) R&D and that drives long-run growth. High-tech firms
have exclusive rights to the type of their product. In a high-tech firm the innovation
enhances firm/product-specific knowledge which reduces the firm’s marginal costs or
increases the quality of its product. High-tech firms finance their R&D expenditures
from operating profits. They set prices and compete strategically in their output
market. My point of departure is that I model knowledge (patent) licensing among
high-tech firms. The knowledge generated in a high-tech firm cannot be used for free,
but it can be licensed. Given that each high-tech firm produces a distinct type of
good, for a high-tech firm the knowledge of other high-tech firms is complementary
to its own. If a high-tech firm licenses the knowledge of another it can combine that
knowledge with its own and improve its in-house R&D process since the latter builds
on the knowledge that the firm possesses.

In such a setup I show how market concentration, intensity of competition as mea-

2In terms of 2-digit ISIC (Rev. 3), according to OECD STAN data high-tech industries as measured
by R&D intensity are, for example, 24, 29, 30, 31, 32, 33, 34, 35, 64 and 72.

3Currently, there are virtually no comprehensive data for measuring the size of the market for patents
and other types of intellectual property. According to some estimates (Robbins|,2009) in the US in 2002
corporate domestic income from licensing patents and trade secrets was $50 billion or approximately
25 percent of total private R&D expenditure. Moreover, it was expected to grown at more than 10
percent annual rate.
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sured by the elasticity of substitution between high-tech goods, and type of competi-
tion (Cournot or Bertrand) can matter for innovation in the high-tech industry and
aggregate performance. I contrast the inference from this setup to the inference from
setups where there is no exchange of knowledge among high-tech firms and/or there
are knowledge spillovers (i.e., firms obtain others’ knowledge for free). Further, it is
often conjectured that the use of high-tech goods such as phones and PCs entails posi-
tive externalities, which lower the transaction costs and increase the efficiency of users
(e.g., Leff, 1984). T assess how innovation in the high-tech industry and aggregate
performance depend on the magnitude of such externalities.

I show that high-tech firms innovate more and the economy grows at a higher rate
in case when there is knowledge licensing among high-tech firms compared to the case
when there are knowledge spillovers. This result holds since in case when there is
knowledge licensing high-tech firms better appropriate the benefits from their R&D.
The availability of complementary knowledge also motivates innovation in the high-tech
industry. High-tech firms innovate more and the economy grows at a higher rate in case
when there is an exchange of knowledge among high-tech firms than when there is no
exchange. This is because R&D builds on a bigger pool of knowledge in case when there
is an exchange of knowledge. Moreover, in case when there is no knowledge exchange
high-tech firms might not innovate at all if there are many of them in the market. The
driver behind this result is the scarcity of R&D inputs available per high-tech firm if
there are many such firms.

In case when there is an exchange of knowledge among high-tech firms in the form
of licensing or spillovers, innovation in the high-tech industry and economic growth
increase with the number of high-tech firms as long as these firms have sufficient in-
centives to innovate. The driver behind this result are the relative price distortions
which are due to price setting by high-tech firms. This distortion adversely affects
the demand for high-tech goods. Given that high-tech firms interact strategically in
the output market a higher number of firms implies lower mark-ups and lower distor-
tion. This increases the demand for high-tech goods and implies higher output and
investments in R&D in the high-tech industryf] However, if there is no exchange of
knowledge among high-tech firms, then increasing the number of firms has two effects
on innovation in the high-tech industry. One is the lower distortion, which is positive.
Another is negative and is due to lower amount of R&D inputs available per high-tech
firm. When the number of high-tech firms is relatively low the positive effect domi-
nates, whereas for a relatively high number of firms the negative effect dominates. This

negative effect when there is knowledge exchange among high-tech firms is offset by

40’Donoghue and Zweimdiller| (2004) have a similar result in a Schumpeterian growth model. [Vives
(2008) shows that such a result can also hold in partial equilibrium for various types of demand
functions.
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more complementary knowledge made available by high-tech firms.

I further show that in all the setups that I consider innovation in the high-tech
industry and economic growth increase with the intensity of competition, again, pro-
vided that high-tech firms have sufficient incentives to innovate. Under such condition,
tougher competition, which is defined as the type of competition with lower mark-ups
(Bertrand vs. Cournot; Sutton, 1991)), also implies more innovation in the high-tech
industry and higher growth. These results are in line with the results of Smulders and
van de Klundert| (1995) and van de Klundert and Smulders (1997), and hold because
both more intensive and tougher competition reduce mark-ups and the relative price
distortions Pl

The higher magnitude of positive externalities from the use of high-tech goods
implies lower innovation in the high-tech industry. Nevertheless, economic growth
increases with the magnitude of these externalities. Innovation declines because the
higher magnitude of positive extenralities brings no additional internalized benefit to
high-tech firms and in equilibrium it implies a higher rate of interest. In turn, eco-
nomic growth increases since the higher magnitude of externalities implies a higher
contribution of innovation in the high-tech industry to growth.

Finally, T endogenize the number of high-tech firms assuming cost-free entry. Inno-
vation in the high-tech industry and economic growth are the lowest in case when there
is no exchange of knowledge among these firms. In turn, innovation in the high-tech
industry and economic growth are the highest in case when there is knowledge licensing
among these firms. This happens, however, at the expense of the number of high-tech
firms (or the variety of high-tech goods.) In other words, the number of high-tech firms
is the lowest in case when there is knowledge licensing and the highest in case there is
no exchange of knowledge.

Increasing the intensity and/or toughness of competition reduces the number of
firms. In cases when there is an exchange of knowledge among high-tech firms, this has
no effect, however, on allocations, innovation in the high-tech industry, and economic
growth. Meanwhile, allocations change and innovation and economic growth tend to
increase with the intensity and toughness of competition in cases when there is no
exchange of knowledge among high-tech firms.

This paper is related to the endogenous growth literature (e.g.,|[Romer} [1990; |Aghion
and Howitt,|1992; Smulders and van de Klundert, [1995) where the positive growth of the
economy on a balanced growth path is a result of technological and preference factors.
In particular, it is related to studies which in an endogenous growth framework suggest

how the aggregate performance can be affected by imperfect competition in an industry

5The results regarding the relation between innovation and different types of competitive pressure are
consistent with the empirical findings of [Nickell| (1996)), Blundell, Griffith, and van Reenen| (1999)),
and |Aghion, Bloom, Blundell, Griffith, and Howitt| (2005]).
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where the firms engage in in-house R&D (e.g., [van de Klundert and Smulders| [1997)). It
contributes to these streams of studies while showing how knowledge licensing in such
an industry can affect innovation in that industry and the aggregate performance. It
also contributes while showing how the positive externalities from the use of the goods
of such an industry can affect the decentralized equilibrium outcomes.

Further, there is a number of papers that model knowledge (patent) and tech-
nology licensing in standard Schumpeterian growth framework and show how patent
policy and international technology licensing can affect innovation and growth (e.g.,
O’Donoghue and Zweimiiller, 2004; Yang and Maskus, 2001; Tanaka, Iwaisako, and
Futagami, [2007). In these papers licensing happens between incumbents and entrants
given that in standard Schumpeterian growth framework incumbents have no incentives
to innovate. Licensing does not explicitly aid R&D process and licenses are essentially
permits for production. In such a framework in order to maintain incentives for licens-
ing, these papers assume that either licensors and licensees (incumbents and entrants)
collude in the product market or licensees can access larger market (e.g., one of the
countries bans FDI). The share in collective profits and licensing fees compensate in-
cumbents’ loss of the product market (and costs of technology transfer) and are either
exogenous or exogenously determined by patent policy. In contrast, this paper has
a non-tournament framework where incumbents innovate because that allows stealing
market share and licensing happens among incumbents. Firms have incentive to license
knowledge from other firms because that aids their R&D process. Further, license fees
are determined by the structure of the market for knowledge, which can depend on
patent policy, and supply and demand conditions. To that end, the framework and
analysis of this paper can be thought to be complementary.

In this paper, the value of the knowledge/patent of a firm is the sum of license
fees that the firm collects and its benefit from using the knowledge in production
of its good and in R&D. This is the Lindahl value of the knowledge, although in
this context knowledge is not a purely public good since it is excludable. To that
extent, this paper is related to a number of papers which derive the Lindahl price
of knowledge in an R&D-driven growth framework (e.g., |(Grimaud and Tournemaine,
2006; [Chantrel, Grimaud, and Tournemaine, 2012). Methodologically, this paper is
most closely related to (Chantrel et al| (2012). Given their focus, the authors in a
similar growth framework model firms that do not have their own knowledge and need
to purchase it for production and R&D from "public domain." Moreover, firms engage
in in-house R&D in order to sell their R&D output in the "public domain." These
proceeds are the sole motives for performing R&D.

There is also a large body of firm- and industry-level studies that analyze the impli-

cations of patent licensing, patent consortia or pools, and knowledge exchange among
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firms on innovation and market conduct (e.g., Gallini, |1984; Gallini and Winter, 1985;
Shapiro|, [1985; [Katz and Shapiro, 1985; Bessen and Maskin, 2009). This paper ana-
lyzes such issues at the aggregate level in a dynamic general equilibrium framework
which assumes an undistorted market for knowledge /patents. This assumption allows
to have tractable inference and can be justified to the extent that this paper aims to
address long-run issues, for example. In turn, the dynamic general equilibrium frame-
work allows to endogenize the growth rate of the economy and the effect of knowledge
licensing on, for example, interest rate which affects the incentives to perform R&D.
Licensing in this paper ceteris paribus motivates R&D. This, in turn, implies higher
growth rate and higher rate of interest which reduces the incentives to perform R&D.

The next section offers the model. Section 3 analyzes the features of dynamic

equilibrium. Section 4 concludes.

1.2 The Model

Households

The economy is populated by a continuum of identical and infinitely lived households of
mass one. The representative household is endowed with a fixed amount of labor (L). It
inelastically supplies its labor to firms which produce final goods and to high-tech firms.
The household has a standard CIES utility function with an inter-temporal substitution
parameter 5 and discounts the future streams of utility with rate p (6, p > 0). The
utility gains are from the consumption of amount C' of final goods. The lifetime utility

of the household is

1-0 _
U:/Mexp(—pt)dt. (1.1)

The household maximizes its lifetime utility subject to a budget constraint,

A=rA+wlL-C, (1.2)

where A are the household’s asset holdings [A (0) > 0], » and w are the market returns
on its asset holdings and labor supply.
The optimal rule that follows from the household’s optimal problem is the standard
Euler equation, '
c 1
525(7‘—/))~ (1.3)
This, together with budget constraint (1.2), describes the paths of the household’s

consumption and assets.
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Final Goods

Final goods are homogeneous, Y. The household’s demand for final goods is served by
a representative producer. The production of final goods requires labor and X, which is
a Dixit-Stiglitz composite of high-tech goods {:p,}f\il with an elasticity of substitution
E.

Ceteris paribus the increasing demand of X creates externalities in final goods
production, which are measured by X. These externalities increase the productivity
of the final goods producers. For example, these externalities stand for network effects
that stem from using high-tech goods such as PCs and phones.

The production of the final goods has a Cobb-Douglas technology and is given by

Y = XX°Li, (1.4)

£

e—1
€

N e—1

X = (sz ) , (1.5)
i=1

1>0>0,e >1,

where Ly is the share of the labor force employed in final goods production.

The representative producer solves the following problem.

N
max {Y —wlLy — prxl}

Ly, X i=1

s.t.

(3-1),

where Y is the numeraire. The optimal rules that follow from this problem describe

the final goods producer’s demand for labor and for high-tech goods.

[Ly]:wLy =(1—0)Y, (1.6)

P 3
[z] 2y =X (—X) forvVj=1,...,N, (1.7)

Zj

where Py is an index of p,

1—¢e

o= (Te) (1.8)

By construction this index is the private marginal value of X. Moreover, given that

X is constant returns to scale in high-tech goods the following two conditions hold.

PxX = oY, (1.9)
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N

=1

Further, I assume that the measure of externalities X is given by
X = X"

where p measures the strength of these externalities (1 — o > pu > 0)[]

High-tech Goods

At any time t there are N(t) producers in the high-tech industry.ﬂ

Production

Each high-tech firm owns a design (blueprint) of distinct high-tech good z, which it
produces. The production of a high-tech good requires labor input L,. The production
function of a high-tech good =z is

xr = AL, (1.11)

where A measures the producer’s knowledge of production process or quality of the high-
tech good. This knowledge is firm/product-specific since each high-tech firm produces
a distinct good.

High-tech firms are price setters in their output market and discount their future
profit streams 7 with the market interest rate r. I assume that high-tech firms cannot

collude in the output market.

Knowledge Accumulation

High-tech firms can engage in R&D for accumulating knowledge and increasing A. This
can be interpreted as a process innovation that increases productivity (the firms are
able to produce more of x), or as a quality upgrade (the firms are able to produce the
same amount of higher quality z). Knowledge is non-rival so that potentially it can be
used at the same time in multiple places/firms.

In this section I offer three different settings of knowledge accumulation/R&D pro-
cess. The differences stem from whether and how knowledge is exchanged among
high-tech firms F|f’

6Tt is necessary to have 1 —o > yu in order for the production function of final goods to be concave
in X in the Social Planner’s problem.

"In order to avoid complications arising from integer constraints I allow N to be real number.

8The functional forms of the knowledge accumulation processes are selected so that they ensure a
balanced growth path.

%In these setups each high-tech firm engages in in-house R&D and there is no R&D cooperation.
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Hereafter, when appropriate for ease of exposition I describe the properties of the
high-tech industry while taking as an example high-tech firm j, j € (1, N]. In order to
improve its knowledge \; the firm needs to hire researchers/labor L,,. Researchers use

the current knowledge of the firm in order to create better knowledge.

Knowledge Licensing: This is the benchmark setup (S.1). Knowledge in this setup
can be licensed. In the market for knowledge the licensors (or the suppliers of knowl-
edge) have the bargaining power in the sense that they can make a ‘take it or leave it’
offer. I assume that license contracts do not allow sub-licensing.

The benefit from licensing knowledge is that it can be used in the in-house R&D
process. If high-tech firm j decides to license knowledge from other high-tech firms, its
researchers combine that knowledge with the knowledge available in the firm in order
to produce new knowledge. The knowledge available in the firm is an essential input
in the knowledge accumulation process of the firm. Moreover, it is the only essential
input. This implies that the high-tech firm does not need to acquire knowledge from
other firms in order to advance its own. However, it needs to have its knowledge for
building on it. This is in line with that high-tech firms produce distinct goods.

The knowledge accumulation/R&D process is given by

Aj=¢ {% (Ui,j)‘i)a} ALy, (1.12)
i=1

E>0,1>a>0,

where £ is an exogenous efficiency level, w; ; is the share of knowledge of firm i (\;)
that firm j licenses, and u;; = 1]

It can be shown that in (1.12) the elasticity of substitution between the different

types of knowledge that the high-tech firm licenses is equal to ﬁ It can also be

shown that the elasticity of substitution between the high-tech firm’s knowledge and

any knowledge that it licenses is lower than ﬁ (see |Appendix T.l[). This restates the

importance of the firm’s knowledge for its knowledge accumulation process.

In this knowledge accumulation process because of summation the productivity of
researchers increases linearly with knowledge licensed from an additional high-tech firm.

This means that the variety of knowledge matters in this setup. Such a formulation can

analyzes the case when firms cooperate in R&D and compete in the product market.

10This R&D process leads to scale effects. |Jones| (1995) argues against scale effects, and many papers
following that argument present frameworks which eliminate these effects (e.g., [Young} [1998; Peretto
and Smulders, |2002). This paper maintains the current framework for its analytical simplicity. Al-
though, some of the results regarding growth rates will not generalize in "second generation" growth
models such as [Jones| (1995), they can generalize in "third generation" models such as|Young| (1998))
where labor allocations matter.
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be justified if there are significant complementarities among the knowledge of high-tech
firms.

In the context of knowledge spillovers between countries, Rivera-Batiz and Romer
(1991) and Grossman and Helpman| (1995) also assume an additive structure for knowl-
edge in the R&D process. They assume that in a country knowledge builds on the sum
of the knowledge of all countries. |Smulders and van de Klundert| (1995) and Peretto
(1996)) have an additive structure in the context of knowledge spillovers among firms in
an industry. In their setups, however, the degree of complementarity can vary.E Mean-
while, |Peretto (1998a) and |Peretto (1998b) have an additive structure in the context
of knowledge spillovers among firms, although, they fade away the complementarity
weighting each firm’s contribution to spillovers by its market share. In this context,
the major difference of R&D process from the R&D processes used in these
papers is the Cobb-Douglas combination of the knowledge of different firms. Such a
modelling assumption is particularly relevant in the context of licensing since it allows
to have well behaved demand functions. Further, such a formulation of R&D process
leads to simple and analytically tractable inference. It ensures that there exists a bal-
anced growth path and allows to focus on the effect of market structure of the high-tech
industry on innovation in that industry through competitive pressure.

Further, it might seem brave to assume that knowledge accumulation in a single firm
can have non-decreasing returns. In this respect, a high-tech firm can be a firm that
started with tabulating machines and reached the point of producing supercomputers
and artificial intelligence systems (i.e., IBM). This assumption can be relaxed setting
uj; = 0 in square brackets in (1.12). In such a case in this model knowledge licensing

(or exchange of knowledge) is a necessary condition to ensure non-decreasing returns

to knowledge accumulation and positive growth in the long-run (Appendix E.3| offers

the main properties of the model in case when u;; = 0).

One way to think about this setup is that each high-tech firm can license the
patented knowledge of other firms in order to generate its patented knowledge that
helps to improve its production or output. The firm does not use the knowledge that it
licensed directly in the production of its high-tech good because that knowledge needs
to be combined with its own knowledge, and that requires investments in terms of hiring
researchers (and time). The latter seems plausible for technologically sophisticated

(e.g., high-tech) goods.

WA ppendix E.2 and [Appendix E.6|offer generalizations of the R&D process employed in this paper.

incorporates knowledge spillovers and depreciation in this process. Meanwhile,
offers the main properties of the model for more general CES formulation of this process where

the degree of complementarity varies.
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Knowledge Spillovers: In this case (S.2) there are knowledge spillovers among high-
tech firms. In high-tech firm j the researchers combine the knowledge that spills over
from other high-tech firms with the knowledge available in the firm while generating
new knowledge. I assume also that the researchers do not fully internalize the use of
the current knowledge available in the firm and have external benefits from it. This
assumption is merely for technical convenience. It allows to focus on the effect of mar-
ket structure of the high-tech industry on innovation through competitive pressure. In
particular, under this assumption all firms have the same external returns, no matter
what is the size of their knowledge relative to the stock of knowledge of all firms. Fur-

ther, this assumption allows to maintain symmetry between this and previous setups.

(Appendix E.3|relaxes this assumption and offers the main properties of the model.)

The knowledge accumulation process is
Aj = EANTL, (1.13)

where T assume that in equilibrium A is given by

- N
A= Zl (u,-J)\i)a s (114)
Uy, =1

An interpretation of this case is that there are knowledge externalities/spillovers
within high-tech firms and there is a market for knowledge where the potential licensees
have a right to make a ‘take it or leave it offer. The licensees under this assumption
receive the knowledge at no cost if the supply of knowledge is not elastic (i.e., u;; =1
and there are knowledge spillovers). The supply is necessarily inelastic if licensors
do not have trade-offs and/or costs associated with licensing knowledge. It seems
natural to assume that once knowledge is created its supply entails virtually no costs.
Meanwhile, there would be no trade-offs if licensors do not take into account that the
knowledge they license is used for business stealing: the licensees use it in order to
reduce their prices and steal market share. I assume that licensors do not take into
account, this effect.

Such an assumption is not new to this line of literature. Many papers (e.g., van de
Klundert and Smulders|, [1997) assume that the originators of knowledge spillovers (here,
high-tech firms) do not internalize the effect of spillovers (here, licensed knowledge) on
other’s knowledge accumulation and production processes. This assumption helps to
avoid complications in differential games arising from the dependence of the current

choice on the entire future (or history) of states[] Further, in the frames of this model

12In this model, under this assumption high-tech firms do not realize that the knowledge which they
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this assumption is necessary in order to give such a market-based interpretation to
knowledge spillovers, which links this setup (S.2) with the previous one (S.1).

In this model, similar to A, the design of a high-tech good can be interpreted
as knowledge/patent. In order to guarantee that high-tech firms have incentives to
innovate it needs to be assumed that (at least for sometime) the knowledge on the
design of high-tech goods does not spill over or cannot be used by other firms without
appropriate compensation. Any high-tech firm, nevertheless, could sell the design of
its high-tech good at market value: the discounted sum of profit streams earned selling
the high-tech good['}] Therefore, the market structure of knowledge on the production
process or the quality of high-tech goods A where the licensors have a right to make a
‘take it or leave it’ offer seems to be more appropriate in such a setup.

In this model A can also be viewed as a patent on the production process or the
quality of the product. Such market-based interpretations are then appropriate if,
for example, there is strong enforcement of intellectual property rights and patent
infringements are detectable. Given the recent history of the high number of patent

infringement lawsuits in high-tech industries, both assumptions seem to be plausible.

No Exchange of Knowledge: In this case (S.3) there is no exchange of knowledge
among high-tech firms. Moreover, to maintain symmetry between this and previous
setups [ assume that in the process of generation of new knowledge the researchers
do not fully internalize the use of knowledge available in the firm and have external
benefits from it.

The knowledge accumulation is given by
A =ENTL,, (1.15)
where ) stands for the external benefits and I assume that in equilibrium
A= 0[] (1.16)

It is clear that (1.12)) and (1.13]) reduce to (1.15)) in case when there is no exchange
of knowledge among high-tech firms [i.e., (1.12)) and (1.15) are equivalent if w;; = 0

accumulate enters the knowledge accumulation process of other high-tech firms and from the next
instance augments their rivals’ productivity. If they realized that, then by integrating over the (future)
changes of knowledge of their rivals they could track how their current investment in knowledge affects
the productivity and market share of their rivals in the future.

13This simply implies that the name of the high-tech firm does not matter.

Mvan de Klundert and Smulders| (1997) have a similar formulation for the knowledge accumulation
process. [Peretto| (1998a) and [Peretto| (1998b)) also have a similar knowledge accumulation process,
though these papers assume that o« = 1. This implies that knowledge in R&D process is a pure
externality.
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for Vi # j and limiting case o = 0; and are equivalent if u;; = 0
for Vi # j.] Therefore, the comparison between results for knowledge accumulation
processes , , and can highlight the effect of knowledge exchange
among high-tech firms. Further, the knowledge accumulation process might be
interpreted as if the exchange of knowledge among high-tech firms is banned (e.g.,

because of antitrust concerns) or it is made very costly.

Optimal Problem

The revenues of high-tech firm j are gathered from the supply of its high-tech good and
in the case when there is knowledge licensing (S.1) from the supply of its knowledge
(u;iAj; Vi # 7). The costs are the labor compensations and license fees in case when
there is knowledge licensing. The high-tech firm maximizes the present discounted
value V' of its profit streams subject to (L.7), (L.11)), and either (1.12), or (1.13), or
(L.15). Under Cournot competition, the high-tech firm chooses the supply of its product

(ie., Ls;) given the (inverse) demand for it. In contrast, under Bertrand competition

the firm chooses the price of its product (i.e., p,;) given the demand for it.ﬁ
Formally, the problem of the high-tech firm is

“+o00

t
max Vi (t) = / 7; (t) exp {_IT (s) ds] dt (1.17)
Cournot: ij7Lrj7{7‘.7',1'7“1'7.7'};21;(#]') 7 t
Bertrand: pzj,Lrj,{uj,i,uz‘,j}il;(iij) t
s.t.

(). (TD) and cither (13, or (C13). or (T5)

where ¢ is the entry date and
=gty (L 1) )
N N
™ Z Duj,in (ujﬂ')‘j) - Z Pu; ;) (uh]/\l) .
=1i#] i=1,i#j

In profit function 7; the term in square brackets stands for knowledge licensing, and
Pu;x; and py, S, are the prices of u;;\; and u, ;.
The solution of the optimal problem implies that the supply of high-tech good z;

and the demand for labor for knowledge accumulation are

(L] - w = Ajpa, (1 — i) : (1.19)

€j

15 Cournot and Bertrand types of competition are modeled as in [van de Klundert and Smulders| (1997).
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A
’ LTJ‘ ’

(L] :w=q\ (1.20)
where e; is the elasticity of substitution between high-tech goods perceived by the
high-tech firm and ¢y, is the shadow value of knowledge accumulation.

The perceived elasticity of substitution (e;) varies with competition type. It can

be shown that under Bertrand competition

eff=e=¢c— @?ﬂ , (1.21)
Z_:leija
and under Cournot competition
. —1
St=ej=cql+ |(e—-1) ij ;1 : (1.22)

The terms in square brackets in and measure the impact of other high-
tech firms on the demand of high-tech firm j. In other words, they measure the extent
of strategic interactions among high-tech firms. Moreover, these terms indicate the
difference between the perceived elasticity of substitution (e) and the actual elasticity
of substitution (g). Therefore, they indicate some of the distortions in the economy
which stem from imperfect competition with a finite number of high-tech firms. In a
symmetric equilibrium, when the number of firms increases, these distortions tend to
zero since the terms in square brackets tend to zero.

In case when there is knowledge licensing (S.1) the returns on knowledge accumu-

lation are
qx; €5 — 1]9;5,- O\, N Pujix; Uy
EVE ~ il B et ST w D Dl =, (1.23)
Aj j C]/\j J 1=1,1%#7 q)\j
k=CR,BR,

where the first term in brackets is the benefit from accumulating knowledge in terms
of increased output. The second term is the benefit in terms of higher amount of

knowledge available for subsequent knowledge accumulation,

+-a) 3 (“;Ay

i=LiAj \ N

0A; _
Vit

L, . (1.24)
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In turn, the third term in brackets is the benefit in terms of increased amount of
knowledge that can be licensed.

The demand for and the supply of knowledge in this case are

N
[ui,j] P DPui N = Q/\jfa ( ¢ ) Lrja Vi ?é e (125)
Ui,j>\i

[uja] s ujs =1, Vi # j, (1.26)

which means that the firm has a downward sloping demand for knowledge and li-
censes/supplies all its knowledge.

In case when there are knowledge spillovers among high-tech firms (S.2) the returns
on knowledge accumulation are given by (1.23) but

Pusr, = 0, Vi, (1.27)

and ,

O\ N\

— =¢(1— — L, . 1.28

s[5 (3) ] 12
The first expression means that the licensees receive knowledge /patents for free [i.e.,
holds and u; ; = 1]. In turn, there is a difference between (1.24) and (1.28) because

in S.1 case there are no knowledge externalities within high-tech firms.

In turn, if there is no exchange of knowledge among high-tech firms (S.3) the returns
on knowledge accumulation are given by (1.23) where the third term is absent and

g—i\j =¢(1—a) Ly, (1.29)

The expression for the price of knowledge indicates that licensees pay a
fixed fee for it. The fee is equal to their marginal valuation, which includes all future
benefits from using that knowledge for augmenting their current knowledge. Therefore,
licensors appropriate all the benefit from licensing knowledge (i.e., they make the ‘take
it or leave it’ offer). With a continuous accumulation of knowledge, as given by ,
at each and every instant the licensees acquire new knowledge at a fixed fee.

It is clear from that I have assumed that the firm does not take into account
the effect of accumulating knowledge on the price of knowledge p,, ;. From (1.25)
it follows that p,, ., declines with A;. In this sense, I focus on a perfect market for
knowledge (where the price of knowledge is equal to its marginal value and licensors
appropriate all benefit.) An alternative assumption would be that the firm internalizes

this effect. In such a circumstance there is an additional term in ((1.23)): the derivative

6 Clearly, such a result holds in cases when either u;; = 0 or py, ,», = 400 for Vi # j.
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of py;,»; With respect to A;.

Even though taking into account this effect changes the incentives of accumulating
knowledge, it does not affect the supply of knowledge . This is because supply
entails no costs and/or trade—offs.E]

In the frames of this model the assumption that licensors do not take into account
that their knowledge is used for business stealing amounts to assuming that firm j
takes gy, for any ¢ different than j as exogenous. This is in line with assuming that it
takes p,,,\; as exogenous.

Finally, in equilibrium there is no difference if high-tech firms license their knowledge
in return to wealth transfer or knowledge of other firms (plus-minus a fee.) Therefore,
knowledge licensing among high-tech firms can also be thought to resemble patent

consortia or pools.

Firm Entry

I focus on two regimes of "entry" into the high-tech industry. In the first regime there
are exogenous barriers to entry (i.e., there is no entry) and all firms in the market are
assumed to have entered at time 0 (¢ = 0.) In the second regime there are no barriers
to entry into the high-tech industry. Moreover, entry entails no costs. To certain
extent such a setup might be more appropriate for modelling exit rather than entry.
This setup allows to have tractable results for the case when there is no exchange of
knowledge among high-tech firms. Later in the text I offer and highlight the balanced
growth path properties of a setup where entry entails endogenous costs for the cases
when there is an exchange of knowledge among high-tech firms.

In order to support symmetric equilibrium, I assume that the entrants into the
high-tech industry have the highest productivity available at the entry date. Further,

I assume that high-tech firms do not coordinate on their entry and exit strategies.

1.3 Features of the Dynamic Equilibrium

I restrict the attention to a symmetric equilibrium in the high-tech industry.

The growth rate of knowledge/productivity in cases when there is an exchange of
knowledge among high-tech firms (S.1-2) is given by (1.12)), (1.13), and (1.14)). In case
when there is no exchange of knowledge (S.3) it is given by (L.15)). Denoting the growth

rates of variables by letter g, for all S.1-3 cases growth rate of knowledge can be written

MAppendix E.4| derives the model under this alternative assumption. It shows that high-tech firms
innovate less if they take into account the effect of knowledge accumulation on the price of knowledge.
This is because innovating decreases their returns on knowledge licensing.
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as
gy = EI1%, L, (1.30)

where

N { 1 for S.3,
5.1-2

N otherwise.

Parameter 1Y, , shows the extent that the availability of complementary knowledge can
improve the R&D process in cases when there is an exchange of knowledge compared
to the case when there is no exchange of knowledge.

The (internal) rate of return on knowledge accumulation can be derived from the

optimal rules of the high-tech firm (1.19), (1.20)), and (|1.23))-(1.29)). It is given b
p g ) ) g y

L,
9ax =T = 9 (L_ +1- a]é_2_3> ; (1.31)

where

1 otherwise.

7 _ { 0 for S.1,
5.2-3

This parameter indicates the magnitude of not appropriated returns on R&D and in
that context it can be called a monetization indicator.

The expression for the rate of return on knowledge accumulation determines
the allocation of labor to R&D in a high-tech firm relative to the allocation of labor
to production. Here, this ratio does not (explicitly) depend on competitive pressure in
the high-tech industry. This is because high-tech firms decide on the division of labor
between production and R&D internally and L, and L, are paid the same wage.

From the conditions that follow from high-tech firm’s optimal problem (L.6)-(1.9)

follows a relationship between NL, and Ly,

g
NL, = bEL 1.32
1—o 7 (1.32)

where
ek —1

ek

bt =

. (1.33)

This relationship shows the effect of price setting by high-tech firms. In symmetric

equilibrium the perceived elasticities of substitution are

o

1
eBR — ¢ — gN : (1.34)

CR €
R — (1.35)

Therefore, competition is tougher and mark-ups are lower if high-tech firms compete
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in prices, e > ¢“%. Moreover, mark-ups decline with the number of firms N and «.
This implies that the ratio ]é—zz declines with N, € and toughness of competition. This
is because as the competitive pressure in the high-tech industry increases the relative
price of x declines, which increases N L,. Meanwhile, final goods producers substitute
X for Ly which reduces Ly.

From (1.32)) it is clear also that J\%—Zx declines with o and does not depend on u.
The first result holds because higher ¢ implies higher marginal product of X and lower
marginal product of Ly. The second result stems from the assumption that efficiency
gains due to external effects are Hicks-neutral.

The relationship between NL, and Ly together with labor market clearing
condition,

L=Ly+N(L,+ L), (1.36)

implies a relationship between NL, and NL,,
NL,=D"(L-NL,), (1.37)
where D* measures the effect of competitive pressure in the high-tech industry on

ko J(ek - 1)
R (1.38)

Meanwhile, in the final goods market since either there is no entry or entry entails

allocations of labor force:

no costs and the assets in this economy are the high-tech firms it has to be the case
that
Y =C, (1.39)

which means that all final output is consumed.

Entry Regime 1: Exogenous Barriers to Entry

I take N > 1 and allow profits = in (1.18)) to be negative. This is needed in order
to characterize the behavior of labor force allocations and growth rate of knowledge
for any N > 1, ¢, and type of competition, and can be supported by subsidies, for

example.

18 [Appendix E.5| shows that in the limiting case when o = 1 competitive pressure in the high-tech
industry does not matter for these allocations. This is because in such a case there are no relative

price distortions.
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Decentralized Equilibrium

Since there are exogenous barriers to entry the number of firms is fixed,

N = gN = QL;l =0.
Moreover, from ((1.39) it follows that consumption and final output grow at the same

rate,
gc = gy - (1.40)

Let the consumers be sufficiently patient so that # > 1, which is a standard stability
condition in multi-sector endogenous growth models and seems to be the empirically

relevant case.

Proposition 1. Let the following parameter restriction hold for any sufficiently small

N: N
11 o

N

In such a case, in decentralized equilibrium in all S.1-3 cases the economy makes a

¢DF L>p. (1.41)

discrete "jump” to balanced growth path where labor force allocations and growth rates
of knowledge/productivity and final output are given by
N SDk Igl—zL —p
NLM = — N - -, (1.42)
{lgy o (0 —1)(0+p)+algy 3+ D
[(9 —1)(o+p)+ 041}273} L+ &P

NI = Df : 1.43
' (0 =1)(0+p) +alyy 4+ DF (1.43)
N -0 k[(&—l)(a—l—u)%—a[ég_ﬂL+€I§Y%p o
Yo obk O@—1)(oc+u)+all, ;+DF (1.44)
and
wl =+ a”, (1.45)
Dk Igl—ZL _
I = T - (1.46)
(0 —=1)(c+p) +alg, 3+ D
Proof. See |Proots Appendix| 0

I use NE superscript for equilibrium labor force allocations and growth rates to
denote the case when there is no entry. Parameter restriction (1.41)) ensures that the
inter-temporal benefit from allocating labor force to R&D outweighs its cost.

If parameter restriction does not hold high-tech firms do not innovate. There-

fore, the economy is static (g» = gy = 0) and the labor force allocations in all S.1-3
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cases are given by

NLYNE =0, (1.47)

NLY® = D*L, (1.48)
1—0

LYE = NLYE. 1.49

Y O'bk T ( )

This restriction may not hold for large N if there is no exchange of knowledge among
high-tech firms (S.3) since when I, , = 1 the left-hand side of the inequality tends to
zero as IV increases. In case when there is no exchange of knowledge, therefore, if N
is sufficiently large then the economy is on balanced growth path where gy = gy = 0
and labor force allocations are given by —. In this respect, if parameter
restriction holds for any sufficiently small N > 1 then it always holds in cases
when there is an exchange of knowledge among high-tech firms (S.1-2). This is because
when I, , = N the left-hand side of the inequality increases with N.

Without loss of generality, hereafter, I assume that holds for any finite N
and does not hold in case when there is no knowledge exchange among high-tech firms
(ie., IY, , = 1) if N is arbitrarily large/infinite (N = +00).

Proposition 2. Let parameter restriction hold. If high-tech firms choose not to

engage in RED then labor force allocations are given by (1.47)-(1.49). Moreover, the
value of high-tech firms is higher if none of the high-tech firms engages in RED.

Proof. See |Proots Appendix| O

I further assume that high-tech firms cannot collude and not innovate (for example,
because of antitrust regulation or non-sustainability of collusion). In this respect, the
reason why in decentralized equilibrium each high-tech firm prefers to engage in R&D
is that R&D reduces its marginal cost. Therefore, ceteris paribus it allows the firm to

lower its price and capture more market.

Social Optimum

The hypothetical Social Planner selects the paths of quantities so that to maximize the
lifetime utility of the household (3.11)). The Social Planner internalizes all externalities

and solves the following problem.

+ooct1_9 1
I{E%}EU = / ﬁexp(—pt) dt (1.50)
0
s.t.
£ oth l-0o
C= ( H)\Lm> L — N (L + L))", (1.51)
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A= €I, AL, (1.52)
A(0) > 0 — given.

The Social Planner’s optimal choices for L, and L, are given by

[L,]: NL, =D (L - NL,), (1.53)
1—0)N
L] &I, )\ = ( cl-f 1.54
[ ] q)\f S.1—2 I — N(LZ + Lr) ) ( )
where
+ p
psP =2 1.
e (1.55)

and I use S P superscript to make a distinction between the Social Planner’s choice and
decentralized equilibrium outcomes. Meanwhile, its returns on knowledge accumulation
are given by

N dx = ap = [&IE oL + (0 + ) AHCH0. (1.56)

The optimal choice of L, (1.53)) together with labor market clearing condition ((1.36))
implies that
1
NL, = —Fpsrr,. (1.57)

l1—0

This relation is the counterpart of (1.32)) in decentralized equilibrium.

Proposition 3. Let the following parameter restriction hold for any sufficiently small
N:
IN
SDSP%L > p. (1.58)

In such a case, the Social Planner chooses labor force allocations such that the economy,

where there is "no entry”, makes a discrete jump to balanced growth path, where
N 5D5P1g1—2L —p
NLNPAP = N =, (1.59)
0, 0—1) (o + ) + D7
0 —1) (0 +p) L+ g5—p
é-IS.172

NLYESP = DSP 1.60
e (0 —1) (o +p)+D5P 7 (1.60)
_ _N
wpsp_1=0 g 0= (o+um)L+gr—r (L.61)
Y o+ (0 —1) (o +p)+ DSP - '
and
" = (o + ) g™, (1.62)
N
DSPISJ*?L .
gysr - S0 Lo (1.63)

(0 —1) (o + p)+ D5P
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Proof. See |Proots Appendix| O]

Parameter restriction (|1.58)) necessarily holds as long as holds since D57 >
DF. As in decentralized equilibrium, this inequality states that the benefit from R&D
outweighs its cost.

Given that C in satisfies Inada conditions no corner solutions in terms of
N L, or Ly satisfy the Social Planner’s optimal problem.

Proposition 4. Meanwhile, if holds no corner solutions in terms of N L, satisfy
the Soctal Planner’s optimal problem. In case, however, parameter restriction

does not hold the Social Planner sets
NL, =0, (1.64)

and the remaining labor force allocations according to

NLYESP — DSP, (1.65)
1—
J RS CL ) (1.66)
o+ u
Proof. See |Proofs Appendix| O]

This parameter restriction does not hold if N is arbitrarily large /infinite and there
is no knowledge exchange in the economy (S.3). It holds, however, for any N in cases
when there is an exchange of knowledge (S.1-2) since T have assumed that so does
(11.41]).

I further assume that the Social Planner can choose between S.1-2 and S.3 cases. In
terms of policies implemented by a government in decentralized equilibrium this cor-
responds to motivating or banning knowledge exchange in the economy["”] Clearly, the
Social Planner prefers S.1-2 over S.3 since it could set the same labor force allocations
and have higher economic growth in S.1-2 cases. Therefore, in this sense it is socially

desirable to have knowledge exchange in the economy.

Comparative Statics and Comparisons

Within the decentralized equilibrium outcomes, first, I discuss the case when the num-
ber of high-tech firms N is finite (N < +o00). Next, I discuss the limiting case when
the number of high-tech firms is infinite (N = +o0) and, therefore, does not
hold if there is no exchange of knowledge among high-tech firms (S.3). In the end of

9 An example for such policy/action is the establishment of the Radio Corporation of America (RCA
Corporation) that fostered cross-licensing in the telecommunications industry in the US.
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the section I compare the decentralized equilibrium allocations and growth rates with

the choice of the Social Planner.

Proposition 5. In all S.1-3 cases the growth rate of knowledge/productivity (g\) and
the growth rate of final output (gy ) increase with the elasticity of substitution between
high-tech goods (€). Moreover, gy and gy are higher under Bertrand competition which

s tougher than Cournot competition.

Proof. These results follow from ([1.33)-(1.35)), (1.38)), (1.45)), and (1.46]). O

The driver behind these results are the relative price distortions, which are due
to price setting by high-tech firms. These distortions increase the demand for labor
in final goods production. Increasing the elasticity of substitution or the toughness
of competition reduces these distortions. The reduction of distortions motivates final
goods producers to substitute (a basket of) high-tech goods for labor. Higher demand
for high-tech goods and higher amount of available labor increase the incentives of

high-tech firms to conduct R&D. This increases g, and gy

Corollary 1. In this respect, in all S.1-3 cases NL, and NL, grow and Ly declines

with the elasticity of substitution € and toughness of competition.

Proof. This result follows from ((1.42)-(L.44). O

The comparative statics with respect to the number of high-tech firms in cases when
there is an exchange of knowledge (S.1-2) are different from the case when there is no

exchange of knowledge (S.3). The results are summarized in the following proposition.

Proposition 6. In cases when there is an exchange of knowledge among high-tech firms
(S.1-2), labor force allocations N L, and N L, and growth rates gy and gy increase with
the number of firms N, whereas Ly declines with it. If there is no exchange of knowledge
(S.3), however, this result does not hold if the number of firms is relatively high.

Proof. These results follow from ((1.42)-(L.46). O

The driver behind the first result is the reduction in relative price distortions (or
the intensification of competition) that the higher number of high-tech firms brings
with it. Meanwhile, the second result holds because increasing the number of high-
tech firms if there is no exchange of knowledge among high-tech firms (S.3) has two
effects. It reduces the relative price distortions and the amount of labor force that can
be devoted to R&D [see Ig% term in ([1.46)]. The first effect motivates higher demand

for NL, and increases gy, whereas the second effect reduces NL, and g). The second

effect is absent in cases when there is an exchange of knowledge among high-tech firms

(S5.1-2) because increasing the number of high-tech firms also increases the amount
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of complementary knowledge made available by these firms. Clearly, the result that

these effects exactly offset each other hinges on the functional form assumptions for

knowledge accumulation processes (1.12), (1.13) and (L.14) /7

Proposition 7.

e In cases when there is an exchange of knowledge among high-tech firms (S.1-2)

gx and gy are concave functions of the number of firms N.

e In case when there is no exchange of knowledge (S.3) the derivative of g, as well
as gy, with respect to N is positive when N s close to 1 and it is negative for

any N greater than 2.

Proof. These results follow from (1.46) and that in cases when there is knowledge
exchange among high-tech firms 7Y, , = N, whereas I, , = 1 if there is no knowledge

exchange. O

The first part of this proposition holds because competition intensifies more from
adding a firm if there are few high-tech firms. Meanwhile, the second part holds because
in case when there is no exchange of knowledge (S.3) at the higher levels of market con-
centration /lower levels of competition (N & 1) the positive effect of higher competition
is dominant. Meanwhile, at the lower levels of market concentration/higher levels of
competition (N > 2) the negative effect of the reduction in the amount of resource for
R&D is dominant. The full characterization of the behavior of gy and gy for N € (1,2)
is not so straightforward, however. This is because of high non-linearity of g, in that
interval. In the neighborhood of N = 1 the growth rate of knowledge/productivity g
is increasing and concave in N and after a tipping point from (1, 2) it becomes convex

and decreasing 1]
Proposition 8.

o In all S5.1-3 cases labor force allocations NL, and N L, and growth rates g\ and
gy increase with o, whereas Ly declines with it. In contrast, gx and N L, decline

with p and gy, NL,, and Ly increase with it.

290mne way to relax this assumption is to multiply and by a function F (N). |Appendix E.6
offers the main properties of such a generalization of the model and sufficient conditions to have g
increasing in N.

21This result implies that in case when there is no exchange of knowledge among high-tech firms (S.3)
there is an "inverted-U" shape relationship between gy and the number of firms N. A similar result can
be obtained in cases when there is an exchange of knowledge among high-tech firms (S.1-2) assuming
fixed management costs as in van de Klundert and Smulders (1997) or that and increase
less than linearly with N. The later assumption would imply that the benefits from availability of
complementary knowledge are less than N.
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e In cases when there are knowledge spillovers/externalities (S.2-3) NL,, g\ and

gy decline with o, whereas N L, and Ly increase with it.

Proof. These results follow from ([1.42)-(L.46)). O

The first result holds because higher o increases the marginal product of high-
tech goods bundle X and reduces the marginal product of labor force employed in
final goods production Ly. Therefore, the demand for Ly declines and labor force
allocations NL, and NL, increase. According to and this implies that gy
and the growth rate of final output gy increase with o. In contrast, higher 1 does not
affect the balance between the demand for X and Ly and in this sense does not alter
the production and R&D incentives of high-tech firms. Meanwhile, ceteris paribus
it increases the growth rate of final output gy and equilibrium interest rate r [see
], which discourages investments in R&D. Lower N L, implies lower growth rate of
knowledge /productivity gy. Finally, the second part of this proposition holds because in
case there are knowledge spillovers/externalities as « increases the internalized returns
on R&D decline and firms invest less in R&D. Therefore, more labor force is allocated
to production activities, and g, and gy decline.

In order to preserve space, hereafter, unless stated otherwise, I exclusively discuss
the results for the growth rate of knowledge/productivity g, while keeping in mind
that the growth rate of final output gy is proportional to it.

Corollary 2. If the number of high-tech firms is arbitrarily large/infinite

e in case when there is an exchange of knowledge among high-tech firms (S.1-2)

labor force allocations and growth rate gy are given by — , and

where
o E—o

?

e in case when there is no exchange of knowledge among high-tech firms (S.3)

g = 0 and labor force allocations are given by — where D* = D.

The first part of this corollary implies that when there is an exchange of knowledge
among high-tech firms and N = +o0 neither labor force allocations nor the growth rate
of knowledge depend on the type of competition and the number of high-tech firms.
It implies also that the remaining comparative statics stay intact in these cases. The
second part of the corollary holds because when there is no exchange of knowledge
among high-tech firms and N = 400 parameter restriction does not hold. It
can be shown that in this case, N L, increases and Ly declines with ¢ and £ and both

NL, and Ly do not depend on the type of competition and parameters a and pu.
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Corollary 3. For both finite and infinite number of high-tech firms the comparison

between S.1-3 cases yields the following relationships.

NLq{VE’S'l > NLiVE,S.Q > NL;{VE’S'?),
NLiVE,S.l < NL;VE’S'Q < NLiVE,S.S’

L)]\/fE,S.l < LgE,S.Q < LgE7S.37
giVE,S.l S gf\VE,S.Q N giVE,SB. (1.67)

This means that in decentralized equilibrium with no entry high-tech firms innovate
the most in case when there is knowledge licensing (S.1). High-tech firms innovate the
least if there is no exchange of knowledge among these firms (S.3). Therefore, for a
given N the growth rate of final output is the highest in case when there is knowledge
licensing and the lowest in case when there is no exchange of knowledge among high-
tech firms.

In order to further highlight the contrast between all knowledge accumulation /R&D
setups (S.1-3) Figure plots g, for parameter values § = 4, p = 0.01, o = 0.3,
pw=200lL,e=4L =1 & =1, and a = 0.1 and Cournot and Bertrand types of
competition.@

Figure 1.1: The Growth Rate of Productivity in S.1-8 Cases
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Note: This figure plots g as a function of N for parameter values 6 =4, p =0.01, c = 0.3, 0 =0.01, e =4, L =1,
& =1, and a = 0.1 and for Cournot and Bertrand types of competition.

22The parameter values were selected so that the growth rate of final output has a reasonable value.
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Comparisons Between Decentralized Equilibrium and Socially Optimal Re-
sults: Different types of competitive pressure matter for these decentralized equilib-

rium outcomes because of market interactions among high-tech firms. They do not
matter, however, for the outcomes of the Social Planner’s problem ([1.59))-(L.63).

Corollary 4. In contrast to the decentralized equilibrium results NLST, NLST | gy, and

gy increase with p and LYY declines with this parameter.

Proof. This result follows from ((1.59)-(L.63). O

This result holds because the Social Planner internalizes p and higher p implies

higher marginal product of X.

Corollary 5. For both finite and infinite N the comparison between decentralized equi-
librium growth rates and allocations and socially optimal growth rates and allocations

yields the following relationships.

NE,SP,S.1-2 NE,S.1
NL, > NL, ,

NE,SP,S.1-2 < NE,S.3
NL; = NL;

9

NE,SP,S.1-2 < NE,S.2
NL; = NL, ,

NE,SP,5.1-2 NE,S.1
NL, > NL; ,

NE,SP,S.1-2 NE,S.1
Ly < Ly

Y

and
NE,SP,5.1-2 NE,S.1
9 > gy )
where § indicates that the relation depends on model parameters.

This means that in decentralized equilibrium the economy innovates less than it is
socially optimal and therefore grows at a lower rate. Moreover, in decentralized equi-
librium it fails to have socially optimal labor force allocations. The driver behind these
results are the relative price distortions and externalities. Due to these distortions final
goods producers substitute labor for high-tech goods which lowers the output of high-
tech firms and the number of researchers that high-tech firms hire. The externalities
in R&D have an effect of similar direction. If such externalities are present then high-
tech firms do not fully internalize the returns on R&D. This reduces their incentives
to invest in R&D and they hire lower number of researchers. Meanwhile, externalities
in final goods production increase interest rate r. Since high-tech firms do not take
into account these externalities they invest less than it is socially optimal. Final goods
producers also do not take into account these externalities. Therefore, they demand

less than socially optimal amount of high-tech goods.
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The differences between socially optimal and decentralized equilibrium growth rates
and labor force allocations in terms of the relative price distortions and externalities
in final goods production are summarized by D* and DF. It is easy to notice that for
sufficiently high N

lim D°F = lim DF.
n—0 e—+o00

This equality holds because for sufficiently high N the limiting case ¢ = +o00 would
imply perfect competition in the high-tech industry. In such a limiting case, however,
in decentralized equilibrium high-tech firms make zero profits and have no market
incentives to innovate.

In this respect, if there are no subsidies that keep the profits of high-tech firms non-
negative, the positive relationship between innovation and € holds as long as high-tech
firms have sufficient profits to cover the costs of R&D. Profits of high-tech firms and ¢
are inversely related. Once profits net of R&D expenditures are equal to zero increasing
¢ reduces innovation to zero. Therefore, if there are no subsidies the relationship
between intensity of product market competition (¢) and innovation has an "inverted-
U" shape. Such a relation is consistent with Schumpeter’s argument that firms need to
be sufficiently big in order to innovate. Moreover, it is in line with the empirical findings

of |Aghion et al.| (2005) and provides an alternative explanation for those findings.

Entry Regime 2: Cost-free Entry

In this section T endogenize the number of firms assuming that entry cost is zero.

Decentralized Equilibrium

From ((1.18)), (1.19) and (1.31)) it follows that the profits of a high-tech firm are

1
T =wl, — I

eh =1 r—gg, — (1 - O‘]é*z—:s) 9x

Given that entry cost is zero the condition that endogenizes the number of high-tech
firms is 7 = 0.

Denote
1 9

ek —1 = Gg — (1 —a]§.2_3) ar

(1.68)

™ =

Therefore,
T=0&7=0. (1.69)

Proposition 9. At time 0 (t = 0) N makes a discrete jump to the balanced growth

path equilibrium level.

39



Proof. See |Proots Appendix| O]

This implies that in decentralized equilibrium with cost-free entry the economy is

on a balanced growth path (for any ¢ > 0), where

Therefore, labor force allocations and growth rate of knowledge/productivity are given
by (L.42))-(1.44) and (1.46)), where the number of high-tech firms N is endogenous.

In turn, N can derived from the zero profit condition and gy that solves the
capital market equilibrium . The growth rate of productivity g, that solves the

zero profit condition ([1.69) is

p
ek —1—alg, ;—(0—1)(c+p)

Let
e—l—a—(0—-1)(c+p) >0,

which implies that gy can be positive for sufficiently large N or, equivalently, there can
exist decentralized equilibrium where high-tech firms innovate.

Hereafter, I call gy from Z P - zero profit - and g from CME - capital
market equilibrium. If @ > 0 and/or § > 1 the number of high-tech firms N that
satisfies

F—1l—a—O0-1D(c+p =0

is strictly greater than 1. Denote it by N*. For N € (1, N*) it can be shown that gy
in (L.70) or ZP is negative, decreasing, and convex function of N and

lim g\, = —o0.
N—=N*—

Meanwhile for N > N* it can be shown that ZP is positive, decreasing, and convex
function of N and

lim gy = +o0.
N—N*+

Proposition 10. In decentralized equilibrium with endogenous entry it cannot happen
so that N € (1, N*).

Proof. This is because for N € (1, N*) high-tech firms do not innovate, which implies
that the profit of each firm is

=wlL, > 0.
T=w 1

ok —

40



Therefore, there will be entry that will increase the number of high-tech firms above
N*. O

Both CMFE and Z P are continuous functions of N for N > N*, the values of CM E
are finite for any N > 1, and Z P is arbitrarily large around N*. Therefore, at least for
N sufficiently close to N* it has to be the case that ZP is higher CM E. This means
that there exists decentralized equilibrium where high-tech firms innovate.

If ZP crosses C M E from above then the decentralized equilibrium determined by
the intersection is stable in the sense that the entry of firms reduces 7 in and exit
increases it. The number of firms and the growth rate of productivity can be solved
from the intersection of CME and ZP in such a case. Moreover, if at time 0 (¢ = 0)
the number of high-tech firms is higher than (and in S.3 case sufficiently close to) the
number determined by the intersection of ZP and CM E then high-tech firms will exit
the market till ZP and C'M E are equal. Considering such a setup, or exit of high-tech
firms instead of entry, can support the zero entry costs assumption.

In order to have meaningful equilibrium in each of S.1-3 cases [i.e., holds| T
further assume that the parameters are such that there exists N** where Z P crosses
C'M E under Cournot competition in case when there is no exchange of knowledge (S.3).
Given that shifts up and shifts down with the elasticity of substitution
this can be equivalent to assuming that the elasticity of substitution ¢ is sufficiently
high. Tt implies that ZP crosses C M E in all the remaining S.1-3 Cases.[%r]

The previous section showed that if there is an exchange of knowledge (S.1-2) the
growth rate of knowledge gy from (L.46), or CM E, is monotonically increasing function
of N.

Corollary 6. In cases when there is an exchange of knowledge among high-tech firms
(S.1-2) Z P crosses CME from above and the number of high-tech firms under Cournot

and Bertrand types of competition can be found from

k_ §oL [1 + Od—é‘.%:s + (9 - 1) (U + M)]
B EoL —p ’

where k = CR, BR and e“® and eP® are given by and . In turn, from
and (1.50), (1.36), (1.37), and it follows that

CFE,S.1-2 oL —p
, _ , 1.72
I O@—1)(c+up)+ally, ;+1 (1.72)

(&

(1.71)

Zvan de Klundert and Smulders (1997) offer a model which resembles the case when there is no exchange
of knowledge among high-tech firms (S.3). The authors assume parameter values such that Z P crosses
CME from above. Clearly, such a set of parameter values is restrictive for cases when there is an
exchange of knowledge among high-tech firms (S.1-2).
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L, 1 §oL —p
N[CFES1-2 _ , 1.73

" EO—1)(0+p) +al§, ;+1 T
1EoL[(0—1) (0 +p) +ally o]+
& (0-1(o+p) +alg, ;+1

A O (1.75)

CFE,S.1-2 _
NL; =

, (1.74)

where CFE stands for cost-free entry.

If there is no exchange of knowledge (S.3), however, CMFE is not a monotonic
function for all N. Tt is monotonically increasing function in the neighborhood of
N =1 and monotonically decreasing after some N € (1,2). Moreover, it is continuous
and finite for any N and negative for N =1 and N = +oco. Therefore, given that ZP
is a monotonically decreasing function and it is positive for any N, ZP crosses CME

at least twice.

Corollary 7. If there is no exchange of knowledge among high-tech firms then the

number of firms under Cournot and Bertrand types of competition can be found from

ekISU%L[l%—a—I—(Q—l)(U—Fu)]

. 1.76
In turn, from and (1.30), (1.36), (1.37), and it follows that
1
CFE,S3 SoyL—p
53 _ | 1.77
A (O —1) (0 +p) +aly, ;+1 (.77
N 17 _
NLCFESS 2 oy P - : (1.78)
EO0-1)(oc+p)+alg, ;+1
N[CFESS _ N&oyL[(0—1) (0 +p)+algy 5] +p (1.79)
v £ O@—1)(c+p) +all, s+1 ’
LSFESS — (1 - o) L. (1.80)

It is straightforward to show that is a quadratic equation in N. This means in
case there is no exchange of knowledge among high-tech firms (S.3) ZP crosses CME
twice. It does so from above and from below. The smaller root of corresponds
to the stable equilibrium where Z P crosses C M E from above. Meanwhile, the bigger
root corresponds to the case when ZP crosses C'M E from below and the equilibrium
is not stable. Denote it by N;*. If the economy starts with a number of firms greater
or equal to NJ* then 7 does not decline to zero as N increases. In order to rule this
out I further assume that the economy starts with a number of high-tech firms that is
lower than N;*. Therefore, depending on whether ZP is higher or lower than CMFE,
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firms exit or enter till (the point where) ZP crosses CME from above ]

Social Optimum

In this case the hypothetical Social Planner solves the optimal problem (1.50) and
chooses N.
The Social Planner’s optimal choice for N in case when there is an exchange of

knowledge (S.1-2) is given by

o+ puCt?
N|: >0
V] e—1 N —
or simply
N = 400, (1.81)

whereas if there is no exchange of knowledge (S.3) it is given by

g

(V] : f‘l‘ C0 > ML, (1.82)

€
The former result holds because if there is an exchange of knowledge then
I¥, 5, = N and the Social Planner has no trade-offs while increasing N. In contrast,
if there is no exchange of knowledge then I, , = 1 and it has a trade-off. Higher N
implies lower growth rate.
In order to be able to solve the optimal control problem in cases when there is an
exchange of knowledge (1%, _, = N) with first order conditions C needs to be rescaled
by N so that at time zero C' < +oo (i.e., C needs to be divided to N%).

Proposition 11. The Social Planner selects labor force allocations and N such that

the economy makes a discrete jump to balanced growth path.

o [If there is an exchange of knowledge, on this path labor force allocations and

growth rate of knowledge gy are given by (1.59)- and and N = +00.
o [f there is no exchange of knowledge and is binding then

flotpe-1-(0-1)(0+p),
p e(l+p—-01-0)

24The functional forms of knowledge accumulation process in cases when there is an exchange of knowl-
edge among high-tech firms (S.1-2) help to avoid this assumption.

%In cases when there is an exchange of knowledge (S.1-2) the Social Planner selects at time zero
N = 400 because of the assumption that firm entry or creating high-tech goods entails no costs. If
there were costs associated with entry (or costs associated with maintaining the goods/firms as in
van de Klundert and Smulders, {1997) the Social Planner might not select at time zero (or at any
time) N = 4o0.

N —

(1.83)
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CFE,SP,S.3 P
I — . 1.84
I e—1—(0—1)(c+p) (1.84)

Proof. See [Proofs Appendixl n

If there is no exchange of knowledge and (1.82) is binding labor force allocations
can be derived from (1.52)), (1.53), (1.57), and ((1.84), where the expression (1.84) is
the counterpart of ZP (1.70) with N = 400 and «a = 0.

Comparing the lifetime utility of the household it can be shown, however, that

the Social Planner prefers to set N = +o00 also in case when there is no exchange of
knowledge. Therefore, (1.82) does not bind. The following proposition summarizes

this result.

Proposition 12. In case when there is no exchange of knowledge the Social Planner

sets
N = +o0,
g/\CFE,SP,S.:a _ NLS‘FE,SP,S.S =0, (1,85)
N[CFESPS3 _ pSP[ (1.86)
LgFE,SP,S.?) _1- 9 pspy, (1.87)
o+ [
Proof. See |Proots Appendix| -

As it was shown in the Social optimum section of Entry Regime 1 this implies that
the Social Planner prefers the case when there is an exchange of knowledge (S.1-2) over
the case when there is no exchange of knowledge (S.3). This result is not stemming from
the cost-free entry assumption. Even if there were fixed costs associated with entry
the Social Planner could set the number of firms in case when there is an exchange of
knowledge (S.1-2) equal to the number of firms it finds optimal in case when there is
no exchange of knowledge (S.3). In such a circumstance according to (1.63)) it would

have higher growth rate and, therefore, welfare in case when there is an exchange of
knowledge (S.1-2).

Comparative Statics and Comparisons

The following proposition establishes the comparative statics results for the number of
high-tech firms.

Proposition 13.

o In all S.1-3 cases, there are fewer high-tech firms in equilibrium under Bertrand
competition than under Cournot competition. Further, the number of firms de-

clines with € and increases with .
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o In cases when there are knowledge spillovers/externalities (S.2-3) the number of
firms increases with «. It does not depend on o in case when there is knowledge
licensing (S.1).

Proof. See |[Proofs Appendix| n

The number of firms declines with toughness of competition and e since tougher
competition and higher ¢ imply lower mark-ups, which reduces 7 for a given N.
In turn, it increases with p since higher p implies lower R&D investments (fixed
costs), which increases 7 for a given N. Higher « in cases when there are knowledge
spillovers/externalities (S.2-3) also implies lower R&D investments. The comparative

statics with respect ¢ depend on model parameters.

Corollary 8.

In cases when there is an exchange of knowledge among high-tech firms (S.1-2), from

- it follows that

e g\ and labor force allocations do not depend on competition type and c.

e g\ and NL, decrease with a and pv and increase with o, N L, increases with these

parameters, Ly does not depend on o and p and declines with o, and according

to gy declines with o bul increases with o and p.

In turn, in case when there is no exchange of knowledge among high-tech firms (S.3),

from ({1.77)- and Proposition (13 it follows that

e g\ and NL, increase and NL, declines with toughness of competition and e.

Meanwhile, Ly does not depend on the type of competition and .

e g\ and NL, decrease and N L, increases with o and p, Ly does not depend on «

and p and declines with o.

For the cases when there is an exchange of knowledge (S.1-2), this corollary indicates
that in-house R&D of high-tech firms does not depend on competitive pressures in the
high-tech industry. Such a result holds because of two reasons. First, entry reduces
profits of high-tech firms to zero and makes labor force allocations in firms independent
of the intensity and toughness of competition. Second, and are linearly
increasing with the number of high-tech firms. This exactly offsets the decline in the
amount of labor force that can be available to a high-tech firm for R&D as the number of
high-tech firms grows and makes labor force allocation to R&D in the firm independent
of the number of firms. (Appendix E.6|shows that for more general formulation of R&D
process this result might not hold.)

45



Meanwhile, in case when this no exchange of knowledge, it is not straightforward
to derive the relationships between g), NL,, and NL, and ¢ and the relationships
between gy and p and o. Using numerical methods it is possible to show that these
comparative statics depend on model parametersﬁ]

The following corollary summarizes the comparisons among different settings for
R&D process.

Corollary 9. Given that the number of firms is greater than 1

g)C\’FE,S.l > gSFE,S.Q > ngE,S.S) (1.88)
NL’,(?FE,S.I > NLE’FE,S.Q > NLSFE7S.3, (189)

NLgFE,S.l < NL?FE,S.? < NLQCC'FE,S.B?
CFE,S1 _ yCFE,S1-2 _ ;CFE,S3
LEFEST ¢ — [GFESS,

Given that R&D investments are fixed costs, this implies that there are more high-
tech firms in case when there are knowledge spillovers among these firms (S.2) than in
case when there is knowledge licensing (S.1). Moreover, there are more high-tech firms
in case when there is no exchange of knowledge among these firms (S.3) compared to

the case when there are knowledge spillovers (S.2), i.e.,

NCFES3 o NCFES2 o NCFE,S.1

These results show that high-tech firms innovate more in cases when there is an
exchange of knowledge compared to the case when there is none. Moreover, these firms
innovate more in case when there is knowledge licensing compared to the case there
are knowledge spillovers/externalities. Meanwhile, using (1.59)-(1.61), (1.63), (1.88)
and it can be shown that in all S.1-3 cases in decentralized equilibrium with

cost-free (endogenous) entry into the high-tech industry the economy invests in R&D

less than it is socially optimal. Therefore, it grows at a lower than socially optimal

rate. Further, it fails to have socially optimal number of high-tech firms.

Policies leading to the first best outcome in decentralized equi-
librium

In this section T offer policies that if implemented in decentralized equilibrium lead to
the first best outcome. I assume that there is knowledge licensing in decentralized equi-

librium. This can amount to assuming that the government has motivated knowledge

exchange among high-tech firms that happens in a market where the licensors have the

26The intervals of parameter values used in numerical simulations are offered in [Appendix E.8
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right to make a ‘take it or leave it’ offer (i.e., they have the bargaining power). In this

respect, such an action is one of the necessary policy instruments for increasing wel-

fare in decentralized equi]ibrium.E] As I show in [Appendix E.8| this instrument alone

cannot be sufficient, however. For example, in decentralized equilibrium for sufficiently
low values of a welfare can be higher in case when there are knowledge spillovers (S.2)
compared to the case when there is knowledge licensing (S.1).

I assume that the set of additional policy instruments includes marginal taxes on
(or subsidies to) purchases of high-tech goods (7,) and high-tech firms’ expenditures
on buying knowledge (7). It also includes lump-sum transfers to high-tech firms (77)
and households (7). The latter balances government expenditures.

Under such a policy from the final goods producer’s problem it follows that
and need to be rewritten as

Px r
(1 - Tz)p:cj ’

N
i=1

l’j:X|:

In turn, the profit function of high-tech firm j is

Tj = Payty —W (Lmj + LTj)

N N
1 D20 Pugan; (W) — (L =7a) >0 Pujn, (wighi)| + T

1=1,i#j i=1,i#j]

Therefore, the demand for knowledge of the high-tech firm (1.25)) needs to be rewritten

as 1o
)\j)\ ) L’!’j? \4) 7é J-

1,5\

[u%]} : (]' - T)\)puiﬂj)\i - Q)\jga (

Considering symmetric equilibrium and combining these optimal rules with ,
(L.9), and labor market clearing condition ([1.36]) gives the counterparts of the
relation between N L, and Ly , returns on knowledge accumulation , and
the relation between NL, and NL, (1.37):

1 o
NL, = WL 1.90
l-1,1—0 7 (1.90)
Lx N -1 X
=r— A | 1.91
G =T gk(LﬂL +a—r 1—n>’ (1.91)
NL,= D% (L—-NL,), (1.92)

2TThis is because in case when there is no exchange of knowledge among high-tech firms there is no
set of (orthodox) policy instruments in terms of welfare transfers which in decentralized equilibrium
equates labor force allocations and growth rate of knowledge to their socially optimal counterparts.
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where D% is the counterpart of D,

-1

1—01
a_+1 ’

D = |(1-71,) ——
(I-7) —5
and I use GO to denote decentralized equilibrium with government.

Proposition 14. Let the marginal tax rates be constant. In such a case, labor force

allocations and the growth rate of knowledge gy are

1 DEOL —
NL, =~ 5 Gop N-1_7y 7’
(0-1) (0 +p) - a2 L+ L

(6 —1) (0 +p) + DGO — a2t

NL, = D%

l1—0

LY:(l_TI)W

NL,,

gr =ENL,.

Proof. See |Proots Appendix| O]

Therefore, in order to have socially optimal growth rate and allocations it is suffi-

cient to have

NL.=NL?” NL,= NL".

To achieve such an outcome it is sufficient to subsidize the purchases of high-tech goods,

=0, (1.93)

Ty = ———, (1.94)

where 7, equates DYC to D5, It is enough to subsidize the demand for high-tech
goods because the returns on knowledge accumulation are fully appropriated (i.e.,
I§s 3= )@

Although under this policy labor force allocations and growth rate of knowledge
in decentralized equilibrium are equal to their socially optimal counterparts, welfare is
not. This is because in decentralized equilibrium there is lower number of high-tech

firms/goods. The policy instrument that can correct for this is 7. It is straightforward

?§Appendix E.7 offers a policy which instead of subsidizing the purchases of high-tech goods subsidizes
the production and R&D expenditures of high-tech firms. It shows that the subsidy rates to these
expenditures should be equal in order to have first best allocations and growth rates. This is because
in a high-tech firm the allocations of labor to production and R&D are affected by relative price
distortions equally.
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to show that it is sufficient to set
T, = wlL,7,, (1.95)

where 7, is such that for any finite N the profits of high-tech firms are greater than

zero, but for N = +oo profits are zero.

Corollary 10. The rate 7, can be derived from a zero profit condition and is given by

e—14 DSF
Tp = (1.96)
(e D0 —1) (0 + @) DL+ D7)
s 1= 0=V (o+n), o
