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Abstract

This dissertation deals with topics related to R&D investment in endogenous sunk costs
markets. In particular, in Chapter 1 (which is co-authored by Kresimir Zigi¢), we build
a theoretical model, where knowledge spillovers are introduced into Sutton’s concept of
endogenous sunk costs (investment in quality). We show that with spillovers increasing
and the effectiveness of investment in raising quality decreasing, the lower bound on
concentration for an industry decreases and ultimately collapses to zero when spillovers
are large enough and/or effectiveness of investment is low enough. We also show that for
an intermediate range of spillovers firms do invest in R&D although the market structure
becomes fragmented as market size grows (there is no lower bound to concentration). In
the second part, we allow firms to protect their investment against spillovers and focus
on the symmetric equilibria, where all firms either protect their investment or do not
protect it at all. We show that higher spillovers and/or lower effectiveness of investment
may induce firms to protect themselves against spillovers, leading to higher investment
in quality, and to more concentrated market structure. Thus, Sutton’s result on the
concentration bound is preserved.

We differentiate between ex post and ex ante knowledge spillovers. While the latter
include only exogenous characteristics of the market environment, the former also account
for possible protective actions undertaken by firms. In Chapter 2 we carry out empirical
testing of the role of knowledge spillovers in an endogenous sunk costs model environment.
First, we show that markets in which firms undertake intensive R&D expenditures are
not likely to become fragmented, ceteris paribus, as the size of the market increases. On
the contrary, for firms which do not undertake intensive R&D expenditures: the market is
more likely to become fragmented as its size increases, and the effect of market size is even
stronger if knowledge spillovers are high. We find that ex post knowledge spillovers have
adverse impact on R&D incentives. On the other hand, firms with high ex ante knowledge
spillovers are more likely to use private protective measures, possibly restoring incentives
to invest in R&D.

Chapter 3 empirically investigates how the level of delegation of authority is related
to the performance of an organization. Decentralized, horizontal organizational structure
takes advantage of more efficient decision making, mainly due to more efficient use of
"soft" information. The cost of such decentralization is the loss of control and the need
to properly incentivise agents who are legitimately given the authority to make decisions.
This is the trade-off organization faces when deciding on the level of authority delega-



tion. The effect of authority delegation is studied using empirical data from the banking
sector. Different specifications were used to estimate the effect of authority delegation on
performance characteristics. Estimates demonstrate that more authority delegated has a
positive effect on quantitative measures of bank performance; however, it decreases the
quality of decisions taken. Results demonstrate that there is a trade-off between quan-
titative and qualitative performance characteristics. While a local bank branch is able
to increase loan generation when more authority is delegated to it, there is also some
evidence of loan quality deterioration.

vi



Abstrakt

Tato dizerta¢ni prace pojednava o tématech souvisejicich s investicemi do védy a vyzkumu
(R&D) na trzich s endogennimi utopenymi naklady. Konkrétné v prvni kapitole (jejiz
spoluautorem je KreSimir Zigié), konstruujeme teoreticky model, ve kterém je do Sut-
tonova konceptu endogennich utopenych nakladu (investice do kvality) zaveden efekt
prelévani znalosti. Ukazujeme, ze pii zvySujicich se efektech prelévani a snizujici se efek-
tivitou investic do zvySovani kvality, se Suttonova dolni mez koncentrace odvétvi snizuje.
A tato dolni mez klesa a7 k nule, pokud jsou efekty prelévani dostate¢né vyznamné a/nebo
efektivita investovani do zvySovani kvality dostatec¢né nizka. Také ukazujeme, Ze pro
stfedni interval sily efektu prelévani firmy investuji do R&D, prestoze se trzni struktura
fragmentuje s rostouci velikosti trhu (neni dolni hranice). Ve druhé ¢asti umoziujeme fir-
mam své investice pied efekty prelévani chranit. Zaméiujeme se na symetrické rovnovahy,
ve kterych vSechny firmy bud chrani svoje investice nebo je nechrani viibec. Ukazujeme,
ze vétsi efekty prelévani a/nebo nizsi efektivita investic do zvySovani kvality miize pfimét
firmy, aby se pred efekty prelévani chranily, coz vede k vy$sim investicim do kvality a k
vice koncentrované trzni strukture. Suttoniv vysledek ohledné meze koncentrace je tedy
zachovan.

Rozlisujeme mezi ex post a ex ante prelévanim znalosti. Ex ante zahrnuje pouze ex-
ogenni charakteristiky trzniho prostiedi, zatimco ex post bere v potaz i mozné ochranné
aktivity firem. Ve druhé kapitole empiricky testujeme roli pielévani znalosti v mode-
lovém prostiedi endogennich utopenych nakladi. Zaprvé ukazujeme, ze trhy, na kterych
firmy vykazuji intenzivni R&D néklady, se s rostouci velikosti trhu, ceteris paribus,
pravdépodobné nestanou fragmentované. Naproti tomu pro firmy, které nevykazuji in-
tenzivni R&D naklady, se trh pravdépodobné bude fragmentovat postupné tak, jak roste
velikost trhu. A tento efekt velikosti trhu je silngjsi pokud existuji velké efekty ptrelévani
znalosti. Zjistujeme, Ze ex post efekty prelévani maji negativni dopad na motivaci pro
R&D investice. Na druhou stranu, firmy s vysokymi ex ante efekty prelévani jsou vice
nachylné k pouziti soukromych ochrannych opatieni, které mohou piipadné obnovit mo-
tivaci pro investice do R&D.

Treti kapitola empiricky zkouma, jak delegovani pravomoci souvisi s vykonem organi-
zace. Decentralizovand, horizontalni organizacni struktura vyuziva efektivnéjsi rozhodovant,
zejména diky Gc¢innéjsimu pouzivani “mékkych” informaci. Cenou za takovouto decentral-
izaci je ztrata kontroly a potfeba nabidnout spravné pobidky zastupcum, ktefi dostavaji
legitimni opravnéni ¢init rozhodnuti. Toto je kompromis, ktery organizace musi délat

vil



pii rozhodovani o trovni delegovanych pravomoci. Dopad delegovani pravomoci je stu-
dovan na zékladé empirickych dat z bankovniho sektoru. Byly pouzity ruzné specifikace
za Ucelem posouzeni uc¢inku delegovani pravomoci na charakteristiku vykonu. Odhady
ukazuji, ze vice delegovanych pravomoci mé pozitivni vliv na kvantitativni vykon banky,
avSak snizuje kvalitu ucinénych rozhodnuti. Vysledky ukazuji, ze dochazi ke kompro-
misu mezi kvantitativnimi a kvalitativnimi charakteristikami vykonu. Zatimco mistni
pobocka banky je schopna zvysSit pocet generovanych pijcek, pokud k tomu bude mit
vice delegované pravomoci, existuji rovnéz urcité dikazy o zhorSené kvalité takovychto
pujcek.
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Introduction

This dissertation studies two topics in the field of Industrial Organization: first, I theoret-
ically and empirically study the problem of market structure with a focus on knowledge
spillovers, and second, I empirically study the effect of control delegation inside an orga-

nization.

Specifically, the first two chapters of my dissertation focus on the theory of endogenous
market structure. In this framework, the escalation of endogenous sunk cost expenditures
prevents the market from fragmentation as the size of the market increases. Endogenous
sunk costs are the result of investment in quality improvement in our model; we refer
to these costs as R&D investment. We assume that customers consider every product a
combination of useful features and qualities developed by the producer. R&D investment
helps firms to develop and improve those features. We recognize the importance of knowl-
edge spillovers in a setting with such quality improvements (consider hi-tech industries
an example). Reverse-engineering and labor force flows are just a few examples of how

knowledge spillovers might be realized in practice in such markets.

We start by assuming that knowledge spillovers are exogenous to the firms. In this
setup, spillovers tend to decrease the lower bound of market concentration and when
spillovers are strong enough, they completely eliminate it. Eliminating the lower bound
does not, however, imply immediate elimination of a firm incurring endogenous sunk costs.
We show that for an intermediate range of spillovers, firms invest in R&D although the
market concentration becomes fragmented as market size grows. For very large spillovers,

firms do not invest in quality improvement due to very strong disincentive effects of



spillovers. Further, we assume that firms can protect their investment against spillovers.
We focus on symmetric pure strategy Nash equilibria, where all firms either protect their
investment or not. As a result, we show that unlike in the baseline case with exogenous
spillovers, high knowledge spillovers may lead to a more concentrated market structure
due to the possibility of firms’ private protection from spillovers. The empirical analysis
in Chapter 2 complements the theoretical results of Chapter 1. Regression analysis shows
how incentives to invest in R&D and incentives to protect these investments respond to
knowledge spillovers and market size.

The third chapter contributes to the debate about costs and benefits of horizontal
organizational structures as compared to vertical organizations. Choice of ideal organi-
zational structure includes an important trade-off. More horizontal, less vertically inte-
grated organizations prove to be more effective in using "soft" information (non-verifiable
and non-transferable), compared to more hierarchical organization. The use of this in-
formation can increase the effectiveness of decisions taken. But with more authority
delegated to the lower levels of the hierarchy, the costs and the span of monitoring be-
come higher. Using loan performance data from local bank offices, I study the effects
of more control delegation to lower levels of hierarchy. Regression estimates show that
more authority delegated has a positive effect on quantitative measures of local bank
office performance. However, I also find evidence that more authority delegated might

also decrease the quality of the decisions made.



Chapter 1
Managing Spillovers: an Endogenous Sunk

Cost Approach !

Co-authored by KreSimir Zigié

1.1 Introduction

In his influential book, John Sutton (1991) provides a theory that explains why some
markets remain highly concentrated. His theory predicts that in the presence of a certain
type of sunk costs there is lower bound on the level of concentration in an industry.
More precisely, the number of firms in a free entry equilibrium would reach some finite
number, even if the size of the market approaches infinity. The reason is that the sunk
costs "escalate" as market size grows. The special type of sunk costs that lead to such an
outcome is coined "endogenous sunk costs". Sutton (1991) focuses on advertising outlays
as the premier type of endogenous sunk costs, but any R&D expenditures, such as cost-
reducing investment, and investment into quality, can be considered an endogenous sunk
cost. Finally, note that in Sutton’s approach, both endogenous sunk costs and market
concentration are endogenously determined in industry equilibrium by such parameters
as market size and efficiency of the sunk costs in affecting the market outcome (say,

preferences of consumers).

LAn earlier version of this Chapter was published in CERGE-EI working paper series:
Senyuta, Olena and Zigié, KreSimir. 2012. Managing spillovers: an endogenous sunk cost
approach. Economics Institute, Academy of Sciences of the Czech Republic, WP472



Much like Sutton (1991) and Sutton (2007), we focus on the markets in which incur-
ring endogenous sunk costs is an essential feature of competition, but these sunk costs
stem from an investment in product quality improvement rather than advertisement.
Moreover, we introduce the knowledge or R&D spillovers stemming from firms’ invest-
ment in product quality?. A firm’s effective quality of the good is thus influenced by
both the firm’s own investment in quality, and investment in quality by other firms. In
other words, a firm’s product quality is a sum of its own quality innovations, and some
portion of quality innovations developed independently by other firms. Thus, spillovers
are assumed to be mutual; each firm benefits from spillovers coming from the other firms
("receiving spillovers"), but at the same time each firm involuntarily provides spillovers
to all other firms in an industry ("giving away spillovers"). These features are consistent
with the fact that innovations and imitations may be complements and reinforce each

other (see Shenkar, 2010).

As for the empirical relevance of such a setup, one of the stylized facts about R&D
investment (endogenous sunk costs in this case) is knowledge diffusion and imperfect
appropriability of innovations. Reverse-engineering®, labor force flows and strategic al-
liances among firms, among others, may serve as examples of such mutual knowledge
spillovers and the mode by which they can be practically realized in an industry (see
Shenkar, 2010, for many examples of these kind of knowledge leakages); see also Senyuta
and Zigi¢ (2012) for more detailed description of the modes of knowledge diffusion and

for related literature on it.

In the basic version of our model, we treat R&D spillovers as exogenous to firms
(captured by a single parameter) in the sense that firms cannot affect the intensity of
those spillovers, while in the second part of the paper, we allow for the possibility for firms
to manage spillovers (protect themselves from "giving away spillovers"). By that we mean
deliberate actions of the firms to constrain giving away spillovers and to prevent a leakage
of relevant knowledge to its competitors. In this case, we distinguish between ex-ante
spillovers (which are exogenously given from the point of view of the firm), and ex-post
spillovers, which are spillovers (if any!) that remain after the firms’ protective actions. In
other words, in the basic version of the model we consider only ex-ante spillovers, while

in the extended model we allow firms to use protective measures and so the notion of ex-

2Note, however, that our analysis would be basically the same for the type of advertising known as
"informative advertising" that spills over to the competitors and beneficially affects them.
3Reverse-engineering is disassembling of the product to learn how it was built and how it works.
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post spillovers appear. These protective measures, in addition to patents and copyrights,
also include also costly private protection that firms undertake to reduce or eliminate
spillovers if they find it optimal. In some cases, spillovers might be characterized as
information leakage or imitations that are on the border of intellectual property rights
(IPR) violations and cannot be effectively suppressed by public IPR protection (patents
or copyrights). In this case, private or technical protection (see Stielicky and Zigié, 2011;
Scotchmer, 2006, chapter 7) is an example of managing giving away spillovers.

Note that this extended setup (in which firms manage spillovers) can be also viewed as
a situation in which both public (patents, copyrights, etc.) and private (secrecy, increasing
product complexity, masquing, etc.) IPR protections are present. More specifically, the
ex ante spillovers can be considered the information leakages that exist despite public
protection like copyright or even patents (and are, as we argue above, borderline or
actual TPR, violations). Ex post spillovers, on the other hand, can be considered the
information leakages that remain after the firms add their private protection on top of
already existing public IPR protection.

Our analysis has several aims: Firstly, we investigate the robustness of the lower
bound on concentration in the above setup in which knowledge spillovers are exogenous,
and study the impact of spillovers on the equilibrium values such as endogenous sunk
costs or market concentration. More specifically, we aim to study the incentives of a firm
to invest in quality enhancement in the presence of knowledge spillovers and to analyze
how an interplay between spillovers, market size, the effectiveness of R&D investment
in quality improvement (henceforth shortened to "the effectiveness of investment") and
free entry affects endogenous sunk costs (that is, R&D outlays) and, consequently, market
concentration. In this respect, we decompose the change of endogenous sunk costs induced
by change in market size into i) entry and ii) escalation effects and then study how the size
of spillovers and the size of markets impacts these two effects and, consequently, the total
change in endogenous sunk costs. Secondly, we study how levels of spillovers and results
of investments in quality improvement will impact a firm’s decision to allow giving away
spillovers. We thereby investigate the interaction between public and private protection
which are simultaneously allowed in our extended setup, such as the impact of relaxation
of public protection. Thirdly, we analyze how the possibility to restrain "giving away
spillovers" affects the lower bound of concentration and the level of endogenous sunk
costs. Finally, we also investigate how the level of effectiveness of investment affects the

endogenous sunk costs and, consequently, the market concentration in the situation when



firms manage spillovers.

The effect of spillovers on the lower bound of market concentration is not only an in-
teresting theoretical exercise, but also provides important insight to antitrust authorities,
given the empirical relevance of spillovers. Competition offices would surely benefit from
knowledge of how the actual market concentration deviates from the corresponding lower
bound in order to assess the possible barriers to entry and, consequently, the degree of
competitiveness in an industry.

To best of our knowledge, our analysis is novel and, as we will discuss in the next
section, rather different in its focus compared to related literature that builds on Sutton’s
(1991) seminal work. Moreover, it yields several interesting testable hypothesis. For
instance, when spillovers are exogenous, market concentration and its lower bound will
be lower, and may even disappear when spillovers exceed a particular threshold and
when the effectiveness of investment falls beyond certain critical value. Another testable
hypothesis arises when firms manage spillovers. Then, large enough ex ante spillovers
may induce a more concentrated market structure due to the possibility of firms’ private
protection from spillovers.

The rest of the paper is organized as follows. In Subsection 1.2 we briefly review the
related literature, while in Subsection 1.3 we present the basic model in which spillovers
are assumed exogenous to the firms and study i) the effects of spillovers and the effec-
tiveness of R&D investment on the lower bound of concentration, ii) R&D and profit
disincentives due to spillovers and iii) the effect of market size on endogenous sunk costs
under different levels of spillovers and its decomposition into entry and escalation effects.
In Subsection 1.4, we allow the firms to eliminate giving away spillovers by means of
private protection if they find it optimal and study how this added feature affects the
relationship between the market size and concentrations for different levels of initial or ex
ante spillovers. Moreover, we also study how the effectiveness of investment and the firm’s
cost of protection affects firms’ decisions whether or not to manage spillovers. Finally, in

Subsection 1.5 we conclude.

1.2 Survey of the Literature

Despite the indisputable importance of Sutton’s (1991) and (2001) works, intriguingly
enough, subsequent theoretical and empirical research in this area is relatively scant.

As for theoretical work that builds on Sutton’s setup, there are various directions and



themes on which the subsequent theoretical literature progressed and focused. Bresnahan
(1992) was one of the first to review Sutton’s (1991) concept of endogenous sunk costs
in relation to the existing market structure literature. In particular, Bresnahan (1992)
concludes that it would be necessary to use the strategic approach put forward by Sutton
for further research of industry structure and concentration (that is, to account for the
possible existence of endogenous sunk costs in an industry and its economic impact).

The importance of the endogenous sunk costs concept was reaffirmed in other papers
which studied market structure. Carlton (2005), for instance, reconsiders the concept of
entry barriers, and essentially shows that they should be modeled as dynamic phenom-
ena as Sutton’s approach suggested. Matraves and Rondi (2005) compare horizontally
and vertically differentiated markets using Sutton’s concept of endogenous sunk costs
and show that in markets with horizontal product differentiation "escalation effect" is
not present, so markets become fragmented as market size increases. Vasconcelos (2006)
builds a model of endogenous coalition creation (merger of firms) in markets with both
exogenous and endogenous sunk costs and shows that in a market characterized by ex-
ogenous sunk costs a monopoly coalition of firms is unsustainable: as the size of the
market increases, more firms prefer to enter the market, and the upper bound on market
concentration decreases. In a market characterized by endogenous sunk costs, however,
an upper bound to concentration does exist. Vasconcelos (2006), thus extends Sutton’s
model to allow for endogenous merger decisions.

Behringer (2014) studies the viability of the positive lower bound in a market with
intra- and inter-firm network effects. The author assumes that "perceived" quality of the
product depends on the quantity produced by the firm itself (intra-firm network effects)
and by other firms in the market (inter-firm network effects), and uses the example of
the video game console market, where information about the product (at early stages)
was spread by "word of mouth". Thus, the more firms sell today, the higher amount they
will sell tomorrow. Unlike this work, Behringer (2014), however, does not model invest-
ment in R&D (endogenous sunk costs) explicitly, and spillover effects in his model stem
from the network effects rather than from knowledge leakages. Despite that, Behringer
(2014), shows that when inter-firm network effects are sufficiency high, the lower bound
on concentration decreases to zero as market size grows to infinity.

Another somewhat related analysis to Sutton (1991) and Sutton (2007) can be found
in Vives (2008), who generalizes models of free entry with cost-reducing R&D invest-

ments, in the stage prior to the product market competition. Vives (2008) shows that

7



increasing market size typically leads to an increase in the number of firms but less than
proportionately, and thus increases the innovation incentives of individual firms. So the
potential negative effect of an increase in the number of firms on the incentive to innovate
is mitigated by the size of the market effect?.

Concerning the related empirical literature, most of it focuses on testing for the pres-
ence of endogenous sunk costs in an industry and its consequences for market concentra-
tion and competition and so this literature is more relevant for our forthcoming analysis
than the theoretical literature reviewed. There is an important distinction between ex-
ogenous and endogenous sunk costs given their respective roles and impact on the nature
of competition in given markets (Type I and Type II markets respectively, following
Schmalensee (1992)).

In Type I markets, market size does not affect sunk costs. Therefore, as the market
grows, more firms enter, and the market is likely to become more fragmented. On the
other hand, an increase in market size leads to an increase in R&D expenditures (or other
endogenous sunk costs) by the incumbents on Type II markets who, in turn, create the
barriers to entry for other firms, and the market is more likely to remain concentrated.
Thus, the predictions about the market size and market concentration are clear in both
cases: 1) an increase in the market size in exogenous sunk costs markets does not influence
R&D investment, but leads to new firm entry and decreased market concentration; ii)
in endogenous sunk costs markets an increase in the market size leads to an increase in
R&D investment, and consequently limits or prevents the entry of new firms.

One of the examples of empirical tests of the endogenous sunk costs theory is Dick
(2007) paper, which focuses on the banking industry. The author conjectures that the
banking industry is an endogenous sunk costs market. Using geographical definitions of
the bank markets in USA (defined by metropolitan statistical areas), the author finds
that the correlation between market size and concentration is close to zero, and provides
evidence that banks invest extensively in quality to raise the barriers to entry, which
shows that banking is likely to be a Type II industry. Furthermore, the paper investigates
quality provision in the banking industry. All quality measures are positively associated
with market size (advertising and branch intensity are among the measures of quality),

and so dominant banks in the markets provide higher quality than fringe banks.

4This Vives (2008) prediction was tested by Coscolla-Girona et al. (2011) using the panel data of
Spanish manufacturing firms (1990-2006). Empirical evidence shows that the market size variables
(which measure the competitive pressure) positively and significantly influence the incentives to conduct
product and process innovations.



Another empirical paper which tests endogenous sunk costs theory is Robinson and
Chiang (1996). The authors use a heterogeneous sample of consumer and industrial
product markets and show that in exogenous sunk costs markets, minimum values of
concentration decline towards zero as market size increases, and in the endogenous sunk
costs markets concentration remains bounded away from zero. Similarly, Matraves (1999)
finds that endogenous sunk costs play a crucial role in the pharmaceutical industry and
affect market structure. A paper by Bronnenberg et al. (2005) studies consumer package
goods markets in geographical dimension and finds that a fixed number of advertised
brands exists across markets of varying size, and that concentration is bounded from
below in advertising-intensive industries even as market size grows large. Similar results
are found in a paper by Ellickson (2007), which studies supermarket chains and shows
that a small number of firms (4 to 6) capture the majority of sales and investment in
distribution system plays a role of endogenous sunk costs in this market. Finally, Berry
and Waldfogel (2010) show that in the newspaper industry, where quality is produced
by means of fixed cost outlays, average quality increases with market size. On the other
hand, in the restaurant industry, where quality is maintained by variable costs, range of
qualities increases with market size and each product maintains a small market share.

In all of these papers, however, R&D spillovers are absent and and they do not test
the implications of R&D spillovers and their potential control would have on the very
notion of endogenous sunk costs, and, consequently on market concentration and compe-
tition. Consequently, there is no empirical testing on how the effectiveness of endogenous
sunk costs in affecting the market outcome would impact the market concentration and
competition.

Unlike the theoretical and empirical literature of Sutton’s approach, the corresponding
literature on R&D spillovers is rather rich (see, for instance, the comprehensive survey
by Hall et al. (2010), and Keller (2004), see also Bloom et al. (2013)).

The theoretical prediction of the effects of spillovers on the incentives to invest in R&D
(that is, in the endogenous sunk costs in our setup), however, is controversial. Spence
(1984) was the first to demonstrate that knowledge spillovers have disincentivising effects
on R&D investment®. This is a very intuitive result, but empirical evidence is often
opposite: industries which are most likely to suffer from knowledge spillovers (pharma-

ceutical, IT technologies, etc.) also are among the industries which invest most in R&D.

®See also Suzumura (1992); d’Aspremont and Jacquemin (1988); Kamien et al. (1992); Tesoriere (2008)
on how spillovers affect the incentives to create R&D joint ventures and other cooperation mechanisms.



Thus, Cohen and Levinthal (1989) conjectured that R&D investment not only generates
new knowledge, but also increases a firm’s ability to absorb and assimilate information
generated by other firms. In their setting higher knowledge spillovers generate higher
iincentives for firms to invest in R&D.

Both approaches to the analysis of spillovers effect on R&D incentives have their
merit, but the theoretical predictions are inconclusive. For example, De Bondt (1997)
reviews different theoretical approaches and concludes that different models often provide
opposite results. In general, most existing models® show that spillovers increase general
level of productivity in the industry (market, sector, economy), but have contradicting
results on the effect of spillovers on individual firm incentives to innovate.

Our distinction between the ex ante and ex post spillovers would enable us to rec-
oncile these seemingly opposing predictions. More specifically, whether the spillovers
have a disincentivising effect on R&D investment, depends on the nature of giving away
spillovers. That is, whether spillovers are exogenous or under the control of the firm.
In the latter case, the increase in spillovers may trigger firm’s private protection and so
increased spillovers lead to increased R&D in equilibrium. If this is not the case, then
spillovers display a standard disincentivising effect on R&D investment.

Finally, as for the literature that deals with a firm explicitly managing spillovers (that
is, introducing private protection against giving away spillovers), there is usually a choice
between applying, for example, patents or opting for the private protection that comes
typically in the form of secrecy (see Hall et al. (2014)). Thus public and private mecha-
nisms used to restrain giving away spillovers are considered to be mutually exclusive, but
there are at least two reasons why this may be unrealistic. First, empirical evidence shows
that i) both public and private protection of innovations are used by firms (Cohen et al.,
2000), and ii) that private protection might be more valuable than patents, especially for
small firms (see, for example, Leiponen and Byma (2009) and Arundel (2001)). Secondly,
innovations usually do not consist of one piece of knowledge, so eventually not everything
can be patented and more complicated protection strategies have to be used. As Anton
et al. (2006) puts it: "[blecause innovations are rarely composed of a monolithic piece
of knowledge, a combination of patenting and secrecy is common." Similarly, in digital
markets, the combination of copyright and firms’ private protection is typical (see Zigié

et al. (2013) for the analysis of interaction between the private and public IPR protection,

6Models include endogenous growth literature, contestable inventions models, cooperation in R&D
and consortia, and models with asymmetric R&D strategies (leaders and followers in inventions).
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and the survey of the related literature).

Recall that our extended setup in which firms manage spillovers can be also viewed
as a context where both public and private protection interact. In this respect, Atallah
(2004) and Henry and Ruiz-Aliseda’s (2012) modeling of private protection is somewhat
related to ours. Both papers consider costly investment by firms in making the product
more complex and more complicated to copy. Henry and Ruiz-Aliseda (2012) model
R&D investment as an invention race, with leading firms and several followers, while
Atallah (2004) considers R&D as non-tournament cost-decreasing investment, which is
more similar to our setup.

Like Atallah (2004), we show that public protection (patents) and private protection
act as substitutes: the higher the level of ex ante (or exogenous) spillovers (that is, the
lower the level of public protection), the higher incentives to use costly private protec-
tion. Contrary to Atallah (2004), however, we show that investment in protection from
spillovers is more likely if R&D investment becomes less efficient. The reason for those
differences is that we assume that R&D costs and protection costs are interrelated. That
is, the decision to protect against spillovers increases R&D costs by some fraction, unlike
in Atallah (2004), where the costs of R&D and costs of protection are additively separable
in firms’ profit function. As a result, if R&D investments are less efficient, firms spend
less on R&D, and therefore protection is less costly. Moreover, as a consequence of lower
barriers to entry (that is, lower protection costs), more firms would enter the market.
Clearly both factors point towards more private protection.

The major difference of our approach from the related literature on knowledge spillover
management is, in general, that market structure (number of firms) is not given in our
setup but it is, among other things, the outcome of the interaction between the private

and public protection from giving away spillovers.

1.3 The Basic Model

1.3.1 Model setup

Much like Sutton (1991) or Sutton (2007), we exploit essentially the same three-stage
game setup in our basic model. In the first stage firms decide whether or not to enter
the market and the firms that enter incur sunk entry cost, Fp. In the second stage the

firms choose sunk investment to set the quality of the product, which we refer to as R&D

11



investment. Finally, in the last stage, N firms which entered the market simultaneously
choose quantities, ;. The total cost of choosing quality level u; for firm 4 is F; = Fy+u?,
where u; is the quality level of good i, Fj is a setup cost, and > 1 is a model parameter
that measures the effectiveness of R&D in raising perceived quality. A lower value of
0 means that a given level of fixed R&D outlays leads to a greater increase in quality.
When ¢ tends to infinity, R&D investment becomes more ineffective in enhancing quality.
We consider R&D investment as an instrument to produce product innovations (product
quality), which are valued by consumers. Due to spillovers, those innovations can be
simultaneously developed by all firms in the market. Examples of such product innovation
could be, for instance, new models or modifications of mobile phones, personal computers,
or automobiles. Such spillovers are coined "output spillovers" (Hinloopen, 2000) since
the competitors benefit from already achieved innovation ("output") rather than from
investment in innovation that would instead imply "input spillovers" (for the distinction
and the economic implications of the these two types of spillovers see Amir, 2000; Amir

et al., 2003).

Consumers, who are (as in Sutton, 1991, 2007) assumed to be homogenous in val-
uation of quality, buy a good from firm ¢, based on the observed quality u;. A typical

consumer’s utility function is of the form
U = (ux)’2'7°

where z is the outside good, and z is the "quality" good, u > 1 reflects the perception of
good z’s quality.

We start solving the model backward. Each firm offers a single good with quality u;
at price p;. Now, after observing prices and qualities of all firms, the consumer chooses
to buy from the one which has the highest u;/p; ratio. For firms to have positive sales in

equilibrium, we must have
w;/p; = u;j/p; for any ¢ and j. (1.1)

With the given Cobb-Douglas form of utility function, let S be the share of income
spent on the "quality" good (for derivations of that see Appendix 1.A.1). Following the
notation of Sutton (2007), total spending on "quality good" in the market S is such that

N
S = > (p;jx;). Note that S is the key parameter that serves as the measure of the market
j=1
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7. Also, we define u;/p; = u;/p; = 1/\, where X\ can be interpreted as the price of

size
good z with a unit quality. Now, if the price of a good x with a unit quality is A, the
N
price of a good with quality u; is p; = Au; = Su;/ Y (ujz;)8.
j=1
At the last stage of the game, investment in qualities are already sunk, and firms
simultaneously choose quantities to be sold to maximize profits. Firm ¢ solves:
maxll; = p;x; — cx; = A\uzx; — cx;

T

d\
FOC(.TZ) . )\uz + Uri— —Cc = 0

d.flfz'
TN N2,

Summing up first-order conditions for all 7 = 1,..., N, and rearranging it, we obtain
profit expression for firm ¢, after simultaneous choice of x; by each firm, as a function of

quality choice u;:

2

I, =S L~%¥:L— ) PP (1.2)
1+u 3 (1w
wi Y (1/u;) -%1u22( /u5)
]:

In the second stage, the firm ¢ makes a decision about u; and faces the following choice:
it can stick with the basic quality level described by u; = 1, or invest in R&D and opt for
higher quality where u; > 1. In the former case, there is no R&D investment and thus no
spillovers from other firms since the basic quality is already known and well established,
while in the latter case (setting u; to u; > 1), the firm ¢ chooses its investment in R&D
and also benefits from the R&D of the other firms via knowledge spillovers. We focus on
the latter case that turns out to be relevant when market size is "large" enough.

Thus firms choose optimal level of investment in quality u;, while for consumers, a
firm’s 7 perceived product quality would be effectively u; > wu;. The reason for that
are spillovers from other firms in the industry. It is at this stage of the model that we

depart from Sutton’s original 3-stage game setup and introduce knowledge spillovers to

7S can be also expressed as M 3y, where M is the measure of consumers in the market and y is income
of a representative consumer.

8If we divide S by the total quantity of good z sold (weighed by quality), > (u;x;), then

Jj=1

/52 (1) = A
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the model. Similar to Spence (1984) and Kamien et al. (1992), we define u} in a linear

way as

JF

where 6 is an industry spillover parameter such that 6 € [0,1). We denote the quality
choice of the firm i as u;, and u; is the quality choice by each of the other N — 1 firms.
So firm’s ¢ effective quality comprises from the quality choice u; of the given firm ¢, and

the fraction € of the quality choices of other firms, which enter u; through spillovers.

In other words, u; includes both the features and qualities developed by firm ¢, and
some portion of features and qualities developed independently by other firms in the
market, and, as discussed in the introduction, the channels via which this transfer of
knowledge takes place are reverse-engineering, labor force flows among firms, strategic
alliances between firms, knowledge dispersion to competitors through "vertical channel"

(supplier-client), etc.

With this definition of spillovers, the profit expression to be used in the second stage

now becomes:

2

I, =S 1—# ) PP (1.4)
: ) 1+up>(1/uf
ur - (1/u) +uzj2¢i( fu3)

When firm ¢ makes a decision about w;, it compares the marginal benefit with the

marginal cost of the investment in quality.

The marginal benefit from investing in quality is:

du;  Ou’ du; — ou* du;
¢ j#i Y
Now, ZZ =1 and Z%Z = 6 from (1.3). Deriving the expressions for gg and ggj and
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dli; .
du; *

imposing the symmetry condition °, we obtain expression for

dll; _ 28(N — 1)*(1 - 0)

du;  N3u(l+ (N —1)0) (1.6)

Also, note that % _ Sy delta—1

As we have argued above, for small market size, the investment in quality does not

pay off. The marginal benefit is then lower than marginal costs (that is, ‘flg? <

u=1

ar;

T ), so firms do not invest in quality enhancing R&D and the standard quality

Uu; — 11prevails in the market equilibrium. As a result, the number of firms is determined
by exogenous fixed entry outlays, Fjy, and we call this market setup the "exogenous sunk
costs regime". As market size increases in this regime, more firms enter the market,
the market concentration decreases without limit and, in the absence of endogenous
sunk costs, would approach zero as the market size reaches infinity. Beyond a certain
critical value of S, (say, 5”), however, it may pay off for a firm to deviate and start
investing in quality (that is, to set, u; > 1)!°. Thus, for a large enough market size, profit
maximization (with respect to u) may require a shift to another, endogenous sunk cost

regime that results in quality enhancing investment. This would be exactly the case in

our model (when spillovers are not "too large") so for S > S a firm chooses u; > 1 by

dll; _ dF;
du; ~— du;

setting and this yields:

_25(N—-1)*(1-9)
~ N3§(1+ (N —1)8)

which gives us optimal investment into quality for each firm in symmetric equilibrium,

given N firms entered '!.

Finally, to compute the number of firms entering in the first stage, we impose a

zero profit condition (free entry): F; = II;. Expression for II; in symmetric equilibrium

*The symmetry condition which simplifies the following expressions is u; = u; = u, yielding:

uf =u; + > 0u; =u+0(N —1u=u(l+(N—-1)0),
J#i
uif =u;+0u; + Y, Oup=u+0u+ 0N —2)u=u(l+ (N —1)0);
k#i,k#j

and uj = uj =u* =u(l+ (N —1)0).

10 Appendix 1.A.5 provides an example of how to calculate the critical value S for certain parameter
values.
2S(N*—1)2(1—) /9

1Tt is easy to demonstrate that d (% - ‘;—5:) Jdu; < 0 at u; = NS —1)0)

. Therefore, the

second order condition is satisfied.
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becomes II; = S (%)2, with (1.7) we obtain:

25(N — 1)%(1 - 6) 1)°
N1 (N —1yg) 09 (N) (18)

The relation (1.8) above is an implicit equation for the optimal number of firms, N*,

from which we can express N* as a function of market size S and parameters (Fp, 6, 9).

1.3.2 The lower bound of concentration, spillovers and the effec-

tiveness of R&D investment

The above analysis sets a stage to study how the interplay between spillovers, market size,
and the effectiveness of investment in quality improvement affects firms” R&D outlays
(that is, endogenous sunk costs) and, consequently, equilibrium number of firms and
market concentration under the condition of free entry. The effect of an increase in
market size, S, on the endogenous sunk costs (in the absence of spillovers) is already well
known, mainly due to the influential work of Sutton (1991; 2001; 2007). Thus, the key
insight of Sutton is that an increase in S leads to an escalation of R&D expenditure and
so to the restraint of entry of new firms, which in turn results in a rather concentrated
market even when the market sizes grows without limit. Here we briefly discuss how basic
findings of Sutton change once we allow for spillovers among the firms. In this section
we focus on the effects of spillovers on the lower bound of market concentration, while
in subsection 1.3.4 we look more closely at the interaction between spillovers and the
change in the endogenous sunk costs. We use the Herfindahl index, H as the standard
measure of market concentration, which in the symmetric equilibrium assumes the value
H =1/N*. We rewrite (1.8) as:
Fy N6(1+(N—-1)0)—2(N—1)*(1-0)

S N3§(1+ (N — 1)) (1.9)

and this, in turn, enables us to state our first proposition.

Proposition 1. An industry with low spillovers (that is, 6 < ), for which endogenous

2
246
sunk costs matter, will, ceteris paribus, remain highly concentrated as the size of the
market increases, while an industry with high spillovers will become fragmented with an

increase in S.

Proof. Label the value of N when S tends to infinity as N& (). It is then straightforward
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to show that for low spillovers 0 < 6 < ﬁ, there is a finite value of N% () which satisfies
the condition (1.9) as S tends to infinity and that dN%(0)/df > 0 on this interval (see
Appendix 1.A.3 for the formal proof of this result). Figure 1.1 demonstrates proposition

1 graphically. U

02+ Lower bound on concentration
is preserved
L 1 L 1 6
7] 2 3 4 D)

Figure 1.1: Values of parameters 6 and §, where the lower bound of concentration collapses,
as market size S approaches infinity.

Thus, much as in Sutton (1991), there is a lower bound of market concentration that
is strictly positive when spillovers are low, even if the market size is unlimited. To shed
more light on this important result, it would be insightful to compare it with the standard
market setup in which there are no endogenous sunk costs, that is, with the situation in
which there are only setup costs, Fy. In this exogenous sunk cost regime a number of
firms will tend to infinity when F, goes to zero (given "very large" market size). In the
endogenous sunk costs regime, however, this will not be the case (given that 0 < 2%6)
even if we set [y, = 0. So the number of firms will be finite (and the lower bound of
concentration positive) even if the setup costs are absent and the market size approaches
infinity. The reason, as we know, is the escalation of R&D expenditures with the growth
of market size, which in turn prevents the entry of new firms. In fact, an alternative
and straightforward way to find out the lower bound of market concentration in the
endogenous sunk cost regime is to set Fy = 0 and then calculate the number of firms in
the free entry equilibrium that will give us exactly N& (). This is intuitive because in
the absence of the setup costs the maximal possible number of firms would enter under

a zero profit condition and this finite number is independent on the market size (given
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that market size is large enough to support the endogenous sunk cost regime). That, in
turn, yields the lower bound of market concentration for F, > 0 and market size tending
to infinity.

For large spillovers, on the other hand, the market outcome is slightly different. When
0>0= 35,

in order for (1.9) to be satisfied. In other words, N%(f) = co. Thus the positive lower

and as S goes to infinity, it must be that the N% () also goes to infinity,

bound of concentration disappears'?. The firm’s sunk outlays, however, do not vanish
once the spillovers reach or slightly exceed the threshold level, 8, but become insufficient
to block the new entry once the market size increases. Thus there is a kind of hybrid
regime in which there are endogenous sunk costs on the one side, but the positive lower
bound of concentration vanishes on the other side. Finally, at another, higher threshold
of the spillover level, 8 > 6, the disincentives effect of spillovers prevails and is so strong
that a firm opts for the basic quality by setting u; = 1. The level of § depends on
the underlying parameters of the model, that is, 6(d, S, Fy) (see Appendix 1.A.6 for the
derivation of 9) Much like 8, it decreases in §, yielding the lower critical level of spillovers
beyond which there is a exogenous sunk cost regime (for a given S and Fp). In addition,
6 increases in S because larger market size provides motivation to invest more in R&D, so
larger spillovers are needed to offset this incentive. Lastly, and also intuitively, 6 increases
in fixed entry costs since this increase, ceteris paribus, makes entry more difficult and
therefore enhances the incentive to invest in R&D. In order to offset this, the critical level
of spillovers 0 has to increase. Finally, it can be shown that lim § = 21+5)

S—s00 2(14+Fp)+0
for spillovers larger than this limit, there is an exogenous sunk cost regime irrespective

<1, so
of market size'®.

We now switch for the moment to another important parameter of the model - the
effectiveness of R&D investment, d. First recall that 0 is an inverse measure of R&D
effectiveness and this implies that the larger ¢ is, the lower will be investment in R&D.

Consequently, when ¢ tends to infinity, a firm ceases to invest in R&D in the limit and

12Moreover, N* approaches infinity at a different rate, depending on the value of the spillover param-
eter, with higher spillovers leading to N* increasing at a higher speed.

3Nocke (2007), however, shows that large spillovers restore an endogenous sunk cost regime in a
particular dynamic model, in which firms compete in endogenous sunk outlays on quality, and there is a
collusive "underinvestment" equilibrium, initially without spillovers. So firms do not deviate from this
equilibrium, because if one of them does, the other firms retaliate and also keep increasing their level of
u from then on. Such a permanent escalation in sunk costs is very costly and so not profitable compared
to collusion, but the appearance of large spillovers changes it completely. The incentives to deviate is
still present, but the escalation of sunk costs will not be so costly because of spillovers. Thus punishment
would not be effective and therefore the "underinvestment" equilibrium would no longer be sustained
(so only the escalation equilibrium is possible).
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continues to adhere basic quality u; = 1 (note that lim wu; =1).
delta— o0

Proposition 2. An industry, in which it would be easy to enhance the (perceived) product
quality ("low" 0), would be more concentrated than an industry that has lower RED
effectiveness ("high" &§) given that both industries are exposed to the same "low" level of

spillovers (that is, < 0) and have the same market size.

Proof. Note that both the critical levels of spillovers,  and 0, depend on §; an increase in
§ leads to a fall in , so the lower bound of concentration falls. By the same token, a rise
in ¢ results in the fall of  and so, ceteris paribus, the exogenous sunk regime appears at

the lower critical spillover level while the associated market concentration is lower. [

As expected, if R&D investment is not very effective in raising quality (9 is high), firms
do not invest much in R&D, and so barriers to entry are lower. In such circumstances
a lower level of spillovers is needed for the number of entrants to grow without limit as
market size increases, leading the lower bound of concentration to collapse to zero.

To illustrate how spillovers affect market concentration, we provide the numerical
example below (using parameter values 6 = 2, Fy = 2), and solve the model for the
equilibrium N* for different values of . The figure below demonstrates how the equilib-
rium concentration 1/N* and its lower bound changes for different values of § as market
size S increases. For example, the upper line represents the standard case when 6 = 0,
(spillovers are zero). For small S (dotted part of that curve), there is an exogenous sunk
costs regime. For S high enough, there is an endogenous sunk cost regime, the lower
bound of market concentration approaches approximately 0.4, and the equilibrium num-
ber of firms is finite. The lowest full line represents the case where § = 0.7. The lower
bound on concentration approaches zero with S going to infinity, and equilibrium number
of firms approaches infinity. So, with § = 0.7 there is an exogenous sunk cost regime for
small S, and hybrid regime for S > 303. On the other hand, for § = 0.9 for any S,
we obtain an exogenous sunk costs regime: for the assumed parameter values ¢ and Fj,
we obtain 6 < 0.9, and we are in the exogenous sunk costs regime for all S. Therefore,
our testable hypothesis 1 states that increasing the market size leads to a decrease in
market concentration in the industries with high spillovers, but if spillovers are low, a
market size increase would affect fragmentation at a much lower rate (if at all).

As we can see from the parameterized example, the lower bound on equilibrium con-

centration level (1/N*) decreases with spillovers, and for the values of the spillover pa-

2

rameter 6 > 0 = 535,

it completely disappears.
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Figure 1.2: The lower bound on the concentration level as a function of market size S, for
different spillover parameter 6. The dotted line represents the exogenous sunk costs regime, and
vertical lines denote S for different 6.

1.3.3 Spillovers and the R&D and profit disincentives

We now demonstrate how the effect of spillovers affects the incentives to invest into
endogenous sunk costs. We will express equilibrium expenditures on quality (for different
) by an individual firm, and by the whole industry, as a function of S. To do that, we
use the solution for N from (1.8) and plug it into the expression (1.7) for the endogenous
sunk costs of an individual firm. The corresponding figure is below. The higher 6 is, the
lower is individual spending on quality. Thus, for instance, R&D investments in the case
of no spillovers (¢ = 0), is much higher compared with higher 6 values, and for § = 0.7
endogenous sunk costs investment is close to 1. For low spillovers, the effect of market
size S on R&D investment is very significant, so an individual firm’s investment into
quality F; increases significantly as market size S grows. However, as spillovers increase,
R&D investment remains at the negligible level, and S has a very small or no effect at
all on R&D.

The same result holds for the total industry investment in quality improvement. Al-
though an increase in spillovers induces entry of new firms, the disincentive effect of
increased # more than offsets it, so the total industry R&D investment falls as well.
Thus, we would obtain an analogous graph for the total industry R&D expenditure as
that for the firm’s individual R&D investment. Therefore, our testable hypothesis 2
is that the higher knowledge spillovers are, the lower R&D expenditures are, for both an
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Figure 1.3: A firm’s expenditures on quality and market size, for different values of 6. Dotted
line represents expenditures in case of exogenous sunk costs regime: u; = u; =1

individual firm and an industry as a whole, other things being equal. In other words,
increasing the size of the market leads to an increase in R&D expenditure, but in the
industries with high spillovers this increase in R&D happens at a much lower rate (if at
all) than in the industries with low spillovers.

The intuition for the above results, summarized in Figures 1.2 and 1.3, is roughly as
follows: the impact of giving away spillovers becomes stronger than its receiving counter-
part as the industry spillover parameter rises. Each firm realizes that all other firms will
free-ride on its investment, and also it would be optimal to free-ride on the investment
of others. Thus the consequence of rising spillovers are decreasing endogenous sunk costs
(see Figure 1.3), a larger number of firms entering the industry and, other things being
equal, lower market concentration (see Figure 1.2). Once spillovers surpass the thresh-
old of § = ﬁ, the disincentives to invest become so strong that the firms reduce their
investment in R&D so much that these investment cease to serve as the effective control
of entry so that the lower bound of concentrations disappears. That is to say, N* tends
to infinity as market size increases.

Note also the disincentive effect that spillovers exhibit on a firm’s profit, which we

place in Lemma, 1.

. . 5 . . dll; _ OIl; dN*
Lemma 1. As RED spillovers increase, a firm’s profits decline. That is, 35 = o5+ "5 +
AL,
96

< 0.
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This is in line with the empirical finding by Hanel and St-Pierre (2002) who show

that information spillovers negatively affect profits. Interestingly enough, the negative

sign here does not come from the direct effect of spillovers since it vanishes (88%' = 0)

due to the symmetry in receiving and giving away spillovers. Apparently, the key is in
the indirect effect that turns out to be negative. Thus, the equilibrium profit declines in

the number of firms while the equilibrium number of firms increases with spillovers due

oll;
) ON*

to the mechanism described above (that is < 0, and ddla* > 0; see Appendix 1.A.2

for the complete proof).

1.3.4 Endogenous versus exogenous sunk costs regimes: entry

and escalation effects

We now aim to study how the interplay among spillovers, market size and free entry affects
the firm’s outlays on R&D. For that purpose, we decompose the change of endogenous
sunk costs (dF;/dS) into a direct and indirect effect. Thus, dF;/dS = (0F;/ON) x
(AN*/dS) + OF;/0S where the first part (0F;/ON) x (dN*/dS) stands for "entry effect"
while the second part (OF;/0S), describes "the escalation effect" '*. The entry effect is
typically negative and tells us what the change would be in the endogenous sunk cost
outlays of a firm due to entry of new firms induced by increasing market size'®>. More
specifically, the increased size of the market would result in an entry that would in turn
negatively affect the investment in R&D, due to the fact that incentives to invest decrease

with more firms in the market.

The entry effect in our setup is 2kt x 2= = Lo £(N*(S),0,6), where f(N*(S),0,0)

is the function of the N* and the model parameters (see Appendix 1.A.4).

Lemma 2. The entry effect tends to vanish as the market size goes to infinity and so the
escalation effect is the predominant one for the "large” market given that spillovers are

low (that, is 0 < 6 < ).

As can be seen from the expression (1.A.3), the key determinant of the entry effect is

14The "escalation effect" and "entry effect" are derived formally in the Appendix 1.A.4.

15Tt turns out that for very small or zero spillovers this derivative can be positive. As Vives (2008)
showed, the entry of new firms has two opposing effects on R&D investment: the direct demand and
the indirect price pressure effects that work in opposite directions. The direct demand effect typically
dominates the price pressure effect, and R&D decreases with the number of firms. It is possible, however,
that the price pressure effect dominates the demand effect so that an increase in the number of firms
causes an increase in R&D expenditures (see Appendix 1.A.4 for a more detailed discussion of these
points).
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the ratio of setup costs to market size, Fy/S, as it defines the "capacity" for additional
entry (see Appendix 1.A.4 for more details). When, for instance, F/S is low (say, due to
large market size) there are already "enough" firms in the market equilibrium so further
decreases in this ratio makes room for less and less additional entry. So as S approaches
infinity, the ratio Fy/S, goes to zero and at the limit, there is no space for any additional
entry because all entry possibilities were exhausted. Thus, the entry effect is of second-
order importance for "large markets" (since the ratio Fy/S is then small). Moreover, it
would be completely absent when there are no set-up costs, Fp, (that is, when Fy = 0,
dN/dS = 0).

Recall that the total entry (at the limit) is comprised of either a finite or infinite
number of firms, depending on the level of spillovers: for 0 < 6 < 6, there is a finite
number of firms when S tends to infinity, while for the spillover such that 8 > 6, N goes
to infinity as S goes to infinity.

As for the second, escalation effect (unlike the entry effect), it is strictly positive, does
not depend on S so it does not vanish at the limit when S tends to infinity, provided that
spillovers are low (that, is 0 < 6 < ).

OF,  2(N*—1)?(1—9)
S — N#§(1+ (N* —1)0)

>0 (1.10)

Recall that the escalation effect, (when strong enough!) is at the heart of the non-
fragmented market structure and, consequently, a strictly positive lower bound of con-
centration!®. This effect, however, monotonically weakens with the rise of spillovers and
for spillovers such that 6 > 6, an increase in market size leads to an unlimited increase
in the number of firms, which, in turn, results in the zero escalation effect at the limit,

that is, lim %Ig}" = 0 (and, consequently, Slim ‘ig = 0, given that the entry effect

57007 g5 . 6>0
also vanishes at the limit). Finally, at 6 there is a switch to the exogenous sunk cost

regime, as we saw, and so the firms cease to invest in R&D (% =0 and so dF;/dS =0
for 6 € [0,1)) irrespective of the size of the market.

To conclude, the key factor governing the total change of the sunk costs in the large
markets (small F,/S ratio) is the size of the escalation effect. The non-fragmented market
structure appears when spillovers are small (that, is 0 < 6 < 66). Beyond the critical level

0, however, the total effect, dF;/dS, although positive, becomes "too weak" to hold down

16See Etro (2013) for an example where market concentration can even rise with the increase in market
size.
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the entry of new firms when the market size increases. Thus, as we saw, for € [, é)
there is a kind of hybrid regime: firms do invest in R&D (that is, there are endogenous
sunk costs), but, on the other hand, these investments do not escalate when the market
size grows. Instead the level of endogenous sunk costs barely changes, but the number
of firms increases with the growing size of the market. In other words, there appears,
like in the exogenous sunk cost regime, a fragmented market structure whereby market
concentration tends to zero. Apparently, spillovers and R&D act as the substitutes: the
larger mutual R&D spillovers are the lower the R&D effort needed to achieve the given
level of perceived quality, and so firms curb R&D when spillovers rise. Finally, for the
spillovers level above 8, dF; /dS = 0, so there are exogenous sunk costs in this case. Note
that in the standard, Sutton (1991), setup without spillovers, the exogenous sunk costs
regime appears only for a "small" market (when S < 5'), while in our setup the exogenous

sunk cost regime appears when 6 > é, irrespective of the size of market.

Note that we could do a similar exercise, and decompose the effect of spillovers on a
firm’s R&D on its direct and indirect effects, that is, dF;/df = (0F;/ON) x (dN*/df) +
OF;/00. Clearly, the direct effect of spillovers is negative due to the prevailing disincentive
effect while the indirect effect is also typically negative, given that an increase in spillovers
makes entry easier (dN*/df > 0) while the presence of more firms usually induces all
firms to restrain their R&D outlays (0F;/ON < 0) in equilibrium (see Vives, 2008, and
Appendix 1.A.4).

1.4 Extended Model: Managing Spillovers

1.4.1 Model setup

Firms need to expect future profits (rents) in order to have incentives to invest in R&D
but, as we just noted, increased spillovers have a negative impact on a firm’s profit
and R&D incentives, so a firm may consider the prevailing "giving away spillovers" to
be excessive and may try to curb them. In this light, one typically thinks of patents
and copyrights as the means to prevent spillovers and restore the incentives for inno-
vation. Cohen and Levin (1989), however, provide an extensive review of literature on
the effectiveness of patenting in different industries, and come to the conclusion that in

many industries (machinery, electronics, food processing, etc.) only a negligible share of
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firms use patents'’. Instead, firms use other measures to protect R&D investment from
spillovers, such as: secrecy, product complexity and ability to learn quickly. As Shenkar
(2010) noted ”...[L]egal protections have weakened at the same time that codification,
standardization, new manufacturing techniques, and growing employee mobility making
copying easier”. Also, Cohen et al. (2002) demonstrate that secrecy and lead time ap-
propriability mechanisms are more effective than patents in protecting innovations for
firms in the USA. Along the same lines, Scotchmer (2006) defines so called private or
technical IPR protection as an alternative to legal patents. International trade literature
(see, for example Taylor, 1993) refers to physical "masquing" techniques which are used
by producers who try to ensure the appropriability of their product innovation.

So we now allow firms to use costly measures to privately protect their R&D invest-
ment from giving away spillovers. As we argued in the introduction, one situation when
private protection against spillovers may emerge is the case when the adoption of the
quality improvements of other firms by firm 7 is at the edge of IPR violation, and this
would especially be the case if the public [PR protection is not possible or, more likely,
if it is ineffective (say, due to enforceability problems, high litigation costs, etc.). For
instance, in the case when spillovers are realized through reverse-engineering'®, such a
costly private protection measure would make the product more complicated to disassem-
ble and copy. Atallah (2004) interprets this prevention of spillovers as any costly activity
which enhances the secrecy of the product. If spillovers are realized through the labor
force flows between firms, costly private protection measures may mean that companies
pay key employees more to prevent them from leaving as, for instance, in Zabojnik (2002),
Gersbach and Schmutzler (2003). They interpret the costly prevention of spillovers as
extra wages paid to employees so that they do not leave the firm and transfer important
information to competitors; and in the case of receiving spillovers - this is the extra wage
the firm has to pay to the competitor’s workers to be able to hire them.

A somewhat different notion of endogenous spillovers than the one we use here was
adopted in the early spillover literature, where endogenous spillovers typically mean that

firms deliberately fully or partially share their research output with each other. So firms

"Mansfield (1986) shows that patent protection is important almost exclusively for innovations in the
pharmaceutical industry: 60% of innovations would not be developed without patent protection; while
in other industries (machinery, metal, electrical equipment, instruments, motor vehicles, textiles) only
between 0 and 15% of innovations would not be developed without patent protection.

8Samuelson and Scotchmer (2002) describe legal issues related to reverse engineering, referring to it
as an appropriate and allowed industrial practice, and describe costly measures taken by firms to protect
their product from such copying.
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cooperate in R&D by setting research joint ventures or research consortia in which they
endogenously and cooperatively set both the "giving away" and "receiving" spillovers'?.

Finally, note that unlike in the above literature on cooperation in R&D, the notion
of endogenous knowledge spillovers in our context has the meaning of unilaterally (non-
cooperatively) curbing the "giving away spillovers".

By decreasing the spillover 6, firm ¢ will also decrease the effective qualities of all

other firms, which will in turn have a positive effect on its profits (gg; < 0 for all j #1).

In this section we assume that firms have an option to adopt costly protection against
spillovers. Thus, firms are able to restrain the size of spillovers if they find them too large
and if this is not too costly to do. For simplicity, we assume that firm ¢ has a choice to
decrease spillovers from @ to 0. In this case, the costs would be F; = Fy+au?, with a > 1,
where « is a cost shifter that reflects the fact that private protection of quality is costly
as compared to costs F; = Fy + uf, when firm i does not prevent spillovers?®. On the

benefit side, if firm ¢ protects its investment from spillovers, its effective quality remains

the same (given that no other firm chooses to protect its investment): uf = u; + Y 0u;,

J#i
but the effective quality of all other firms decreases: uj = u;+ > fuy, as compared to
k#j, k#i
uf =u;+0u;+ Y Oup. We look for the set of parameters which satisfy the conditions

k#j,k#i
for symmetric Nash equilibria, where all firms either simultaneously choose to protect

their investment from spillovers, or they do not protect.

The timing of the model is much like in the previous section, with introduction of
one further step. In the first stage firms decide whether or not to enter the market.
In the second stage, the firms that entered pay sunk entry cost, Fpy, and also choose
sunk investment in the quality of the product. In the third stage, firms decide whether
to protect their investment from spillovers or not. Note that sunk costs investment
and protection decisions are taken at different stages (see, for example, Gersbach and
Schmutzler, 2003; Atallah, 2004, for similar timing). Such a "sequential" setup implies
that firms, while deciding on protection, observe the level of R&D investment of their
competitors. Finally, in the last stage, N firms which entered the market simultaneously

choose quantities, x;.

9The pioneering article in this sense was Kamien et al. (1992), followed by Poyago-Theotoky (1999),
Amir et al. (2003), and Tesoriere (2008). See also De Bondt (1997) for an early survey about the role of
spillovers in R&D incentives who, among other things, noted that in reality spillovers are endogenous to
a large extent, and possibly interacting with exogenous information leakages.

20Gee Taylor (1993) for the related definition of the cost function of a firm which adopts "masquing"
techniques to prevent or make giving away spillovers more difficult.
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Such multiple-stage game setting, with this specific timing assumption, is quite re-
strictive, especially if one would like to use it in more applied research. However, such
limitations allow us to derive the market structure completely endogenously, without
pre-determining the number of firms competing in the market. If one wishes to relax
some of the assumptions (i.e., allow firms to decide on the level of sunk costs investment
conditional on the level of protection they select at the same time or before, or allow
asymmetry in sunk costs and protection choices), that would require a model where the
number of firms (or potential entrants) is exogenously determined at the beginning of the
game. For example, a setting with a fixed number of firms in the market and a potential
entrant would allow us to model a partially endogenous market structure, but at the same

time a setting with a more relaxed assumption would remain tractable.

Proposition 3. For ex ante spillovers such that 0 > é(6), there exists a symmetric
"protection” equilibrium. That is, all firms in an industry adopt protection (resulting
in zero ex post spillovers) and no single firm has a unilateral incentive to deviate to a
"no protection” strategy. If, however, § < 5(5) then no single firm has an incentive to
unilaterally adopt a protection strateqy and thus a "no protection” equilibrium could be
sustained as a symmetric equilibrium. Moreover there is no difference between the ex ante

and ex post spillovers in this case.

Proof. First, consider the equilibrium where all firms choose to manage spillovers. Given
that all firms have chosen protection (implying that 6 = 0), the firms choose the optimal
investment level into quality. For this equilibrium to be well defined, the firms, as we
know, have to operate in the endogenous sunk costs regime. That is, the market size
has to be large enough (S > S) and we assume that this is the case. (For instance, for

§ =2, Fy = 2,0 = 0, market size has to be such that S > 5 = 8.5)2".

. ) 29(N—1)2 : _ .. . .
From (1.6), we obtain % = %, and 4 = §au’~'. Profit maximization requires
u; N3u du;
dil; _ dF; . 5 _ 28(N—1)2 . .
that s = d and by symmetry assumption, u® = =75~ Much as in the previous

section, we have the zero-profit condition,

2S(N — 1) (1Y

which determines the number of firms that enter the market in the "protection" equilib-

rium.

2LFor details on deriving S, see Appendix 1.A.5.
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Now, assume that a firm ¢ decides to deviate and stops protecting from spillovers at
stage 3. The profit expression for firm ¢ changes to:
2
(V-1
L+ud (1/ uy)

J#i

P =511~

where u; = u;, and for all other firms u} = u;+6u;. Now, with this symmetry assumption

the profit expression becomes:

b o[ 2=N)o+1\? 1\
Hi_s( N+0 <9\~

The cost expression for a deviant firm ¢ becomes Ff’ = Fy4+u®=Fy+ QS]E,]XE ;)2. Now, if

(1.12)

_ 2 _1)\2
HZD—FiD:S((Q N)Q—I—l) _FO_QS(N 1) <0

N +0 N3da — 7

where N is the solution to the implicit equation (1.11), firm i does not have incentives to
deviate from symmetric equilibria, where all firms protect against spillovers. This means
that for 6 > é(é) a symmetric protection equilibrium can be sustained, where 9(5) is

determined by (1.12) which holds with equality.

To derive 5(6), consider the equilibrium where none of the firms use protection against
spillovers. As in the previous section, (1.7) defines the costs of investment for firm ¢, and
profit is S (%)2 Now, assume that a firm ¢ decides to deviate and starts protecting from
spillovers at stage 3. the profit expression for firm ¢ becomes:

2

(V-1)
L+urd (1/ u;‘)

JF

P =511~

where uf = w; + Y 0u;, and uj = u; + »_ Oug. Now, in the symmetric case, uj =
j#4 k#j, k#i
u+0(N — 1)u, and u} = u + (N — 2)0u. The profit expression becomes:

*(vav—nzo) > (5)

The cost expression for firm ¢ becomes now FiD =Fy+au =Fy+a

2S(N—1)%2(1-6)
N3S(1H(N—1)0) A "o

28



protection" equilibrium exists if:

2
D D _ (2N-3)0+1 2S(N-1)2(1-6)
7 = F7 =5 (N(@(NA)H 79) — Fo — afmsarv=ng =0, (1.13)

~—

where N is the solution to the implicit zero profit condition (1.8). In order to obtain the
critical value of spillovers beneath which this equilibrium exists, we have to equate (1.13)
to zero and solve for 6 (as an implicit function of R&D effectiveness). This yields é(é)
implying that for § < 5(6) all firms choose a no-protection strategy and this outcome
can be sustained as a symmetric equilibrium. In this equilibrium firm ¢ does not have
incentives to deviate from symmetric equilibria, in which none of the firms protects against

spillovers. m

We demonstrate the solution to inequality (1.12) with a numerical example. For the
parameter values (S = 100, Fy = 2), we define such a combination of values of spillover ¢
and investment cost parameter ¢, that (1.12) holds. In the Figure 1.4 below, the dashed
area defines the set of parameters ¢ and 6, for which a "protection" equilibrium will
exist. We can see that for high enough spillovers firms will not deviate from protection.

There is a critical level of spillovers, é(é

~—

, represented by the lower bound of the dashed
area in Figure 1.4, above which the protection regime is sustained. On the other hand,
the shaded area defines the set of parameters ¢ and 6, for which (1.13) holds and a
"no protection" equilibrium exists (for S = 100, o = {1.5;2}, Fy = 2). For spillovers
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Figure 1.4: "No protection" (shaded, below) and "Protection" (dashed, above) sym-
metric pure strategy Nash equilibria (parameter values S = 100, Fy = 2)

low enough, firms will not undertake costly protection measures. The reason is that
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costs of protection (in terms of higher R&D expenditures) do not directly depend on
the level of spillovers, but the benefits (in terms of profit gain) do. So if spillovers are
low, the benefits of starting protection (or alternatively, the loss of profit because of not
protecting) are low compared to incurred costs of protection. Note, further, that the
critical values of spillovers depend on the effectiveness of R&D. For high enough values of
0 firms would tolerate only very small spillovers and so the range of parameter # for which
a no-protection equilibrium would exist, becomes smaller as § increases. The reason for
that is that the low effectiveness of R&D (high ), leads to low endogenous sunk costs
(see the expression 1.7) and to more firms entering the market. With more firms in the
market, the benefit from protection rises, and a firm is willing to undertake it even for
small spillovers.

It is insightful to interpret the above story in the context of the interaction between
public and private protection. When public protection is "lax enough" (that is, when
0 > 6(9)), it triggers private protection that eliminates the "giving away spillovers". Thus,
private and public protection become "complements" to each other once the threshold
spillovers level has been reached and the protection equilibrium then occurs. For the
ex-ante spillovers that are below a threshold level, firms, however, do not use private
protection but rely instead on the (imperfect) public protection that serves as a substitute
for the costly private protection, and so there is a no-protection equilibrium outcome.
Moreover, the lower the efficiency of R&D investment is (that is, the larger is §), the
easier it is to induce private protection (that is, even relatively strong but not perfect
public protection triggers private protection when ¢ is large).

Much as in the case of protection equilibria, for a "no protection" equilibrium to be
well defined, the firms have to invest in R&D (that is, they have to operate in either an
endogenous or hybrid regime). Thus, the level of spillovers in the case of a no protection
equilibrium has to be beneath the critical level 6 in order to preclude the exogenous sunk
cost regime (see Figure 1.4). Moreover, for a "no protection" equilibrium to exist, the
necessary condition is that spillovers have to be low enough not to trigger the protection,
that is, § < 6(5)?2.

For the values of parameters that are not in the shaded or dashed areas (intermediate 6
and low ¢ values), there is no symmetric equilibrium in pure strategies. For such values of

parameters, if all firms protect, there are always incentives for one firm to deviate to "no

22Note that for a "no protection" equilibrium to be well defined, 6 < 6 has to hold and this is always
the case in our setup, if market size S is large enough.
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protection". On the other hand, if all firms do not protect, a firm always has incentives
to deviate from "no protection" behavior and starts protecting its quality features. Also,
there is an area (where dashed and shaded areas intersect) in Figure 1.4 above where
both "protection" and "non protection" equilibria exist. That is, if all firms choose to
protect their investment from spillovers, each single firm would not prefer to deviate to
not protecting; on the other hand, if all firms choose not to protect, each single firm
would prefer not to deviate and start protecting.

Also, as « increases from 1.5 to 2, the "no protection" (shaded) area become larger
- it is now more costly to protect against spillovers, and a "no protection" equilibrium
is more likely, other things being equal. On the contrary, the "protection" (dashed) area

shrinks as it becomes more costly to protect.

1.4.2 The lower bound of concentration when spillovers are man-

aged

As Figure 1.4 demonstrates, for different values of 8 different equilibria will emerge. In
the following analysis we fix cost parameters 6 = 2, a = 2, Fy = 2, and draw the
concentration schedule as a function of market size for different 6 (Figure 1.5).
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Figure 1.5: Concentration and market size, for different values of 6

For # = 0 and 0 = 0.2, we have "no protection" equilibria, and the concentration
versus market size schedule is the same as in Figure 1.2. However, for higher values of 6
"protection" equilibria will emerge, meaning that firms will choose to manage spillovers
and decrease them to zero. For these cases, the concentration versus market size schedule

coincides with the upper curve in Figure 1.2. As a result, we can see that, for high values
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of spillover parameter 6, the lower bound on concentration remains high and does not
decrease to zero if we allow firms to protect from spillovers.

From comparing Figures 1.2 and 1.5, it is clear that the "exogenous sunk costs"
regime disappears for large 6, if firms operate in the environment where they can manage
spillovers. The reason is that for spillovers larger than 6, and the absence of active
protection, firms would operate in an exogenous sunk costs regime and would incur outlays
u = 1. When, on the other hand, firms could manage spillovers, then such high values
of 6 would trigger protection, eliminate spillovers, and as a result, firms would choose
u > 1. This happens because spillover values # > 6 which determine the "exogenous"
regime fall in the "protection" equilibrium (dashed area on Figure 1.4). That is, for such
high 6 values firms prefer to manage spillovers and decrease them to zero, and as a result,
firms choose u > 1.

In the environment where protection against spillovers is feasible, what matters for
the choice of endogenous sunk costs is not the level of ex ante spillovers but the level of ex
post spillovers that, under our assumption, completely vanish if firms find it optimal to
undertake protective measures. Moreover, empirical evidence (see, for example, Mansfield
et al., 1981; Mansfield, 1984) demonstrates a strong and positive link between market
concentration and the costs of imitation. This finding is consistent with our analysis to
the extent to which the high imitation costs reflect the presence and strength of private
protection. In other words, the large size of the imitation costs may indicate that the
strength of ex-ante spillovers were large enough to trigger private protection and thus
make imitation costs high. So the ex-post spillovers are low or zero and that, in turn,
results in larger endogenous sunk outlays that hamper the entry of new firms and lead
to high market concentration.

This gives us testable hypothesis 3, that industries which are characterized by
high ex ante spillovers would not become fragmented as the size of the market increases,
provided that firms use protection measures against knowledge diffusion. So the positive
lower bound of concentration is preserved in this case. In fact, our theoretical prediction
is also consistent with the empirical evidence that some industries, which have high
spillovers incur substantial sunk costs while, at the same time, displaying a high level of

market concentration (even at the global level)?®. The underlying mechanism is, however,

23 Aschhoff et al. (2013, see Tables 16, 37-39) extensive description of innovation activities by German
firms demonstrates that the top 5 sectors (out of total 20) by R&D intensity are Pharmaceuticals,
Electronics, Motor and Vehicles, and Telecommunications. Firms in those sectors much more often than
firms in other sectors, use competitors as an important source of information for innovation projects.
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different than the one based on a learning and absorption capacity story (as in Cohen and
Levinthal, 1989). In our case, the simultaneous existence of (ex ante) spillovers and high
R&D lies in the curbing of ex post spillovers rather than in a firm’s ability to assimilate

and exploit information generated by other firms.

1.4.3 The lower bound of concentration and effectiveness of sunk

costs in raising quality

An important insight of the endogenous market structure literature is that a "higher"
effectiveness of R&D investment, captured by lower § in our setup, implies a more concen-
trated market structure. This happens because when ¢ is low, firms find it more attractive
to deviate upwards in their R&D spending and so the equilibrium level of R&D is higher
and the number of active firms is lower. However, introducing endogenous protection

from spillovers makes this negative relation between ¢ and F; non monotonic.

Proposition 4. When firms in an industry have an option to manage spillovers, the
relationship between the market concentration and effectiveness of R€D may become non-
monotonic if there is the switch from no-protection to the protection equilibrium once a
"large enough” value of & has been reached. Consequently, the change in the lower bound

of concentration is also non-monotonic in 9.

In Figure 1.6 below we demonstrate how an equilibrium firm’s R&D spending F;
changes as 0 increases in the setting with endogenous protection against spillovers. In
order to see this, let us first assume that both ¢ and ex ante spillovers were initially low
(that is, 0 < 6 < @ while @ is "slightly" above unit). As J increases, investment into
quality is less attractive, and equilibrium sunk costs F; decrease. However, at some level
of ¢, firms will start to protect against spillovers, which will make R&D investment into
quality once again more attractive, irrespective of the high value of §. The reason for this
is, as indicated above, that decline in cost effectiveness results in lower equilibrium sunk
costs that in turn invites entry of new firms and makes protection more attractive. As
a result, equilibrium R&D spending F; "jumps up", producing the discontinuity in the
relationship between 0 and R&D.

The importance of information from competitors means that firms in those sectors experience high ex
ante knowledge spillovers. At the same time, those firms also use secrecy and other informal methods
of protecting intellectual property. This would lead to low ex post knowledge spillovers in those sectors,
and explains why sectors like Pharmaceuticals, Electronics, Motor and Vehicles, and Telecommunications
also have high R&D intensity, despite the possible disincentivising effect of ex ante knowledge spillovers.
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In this setting with protection against spillovers, R&D investment does not necessarily
decrease in d. For instance, R&D investment F; for § = 0.4 (right) is not lower than for

6 = 0.2 (left) for § > 1.75 as would be the case with exogenous spillovers®.
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Figure 1.6: Individual firm’s sunk costs F; (R&D investment) as a function of ¢ for
0 = 0.2 (left) and for 6 = 0.4 (right)

As for the relationship between ¢ and equilibrium number of firms (concentration) is
also non-continuous and is driven by similar logic. A detailed description of the relation-
ship between equilibrium number of active firms N* and the cost parameter ¢ is provided
in Appendix 1.A.7, as well as corresponding graphs.

Therefore, our testable hypothesis 4 relates R&D expenditures (and market con-
centration) to the effectiveness of those expenditures, in the sense that lower effectiveness
of R&D expenditures (higher §) would not lead to lower endogenous sunk costs if the
firm starts to use costly protection against spillovers for higher values of . Moreover, if
ex ante spillovers are high, firms are more likely to use protection against spillovers even
for effective R&D expenditures (low §). This would lead to even higher R&D expendi-
tures (because of curbed spillovers and low §), and an even more concentrated market

structure.

1.5 Conclusion

We used a simple version of the Sutton (2007) model that illustrates the economic conse-
quences of endogenous sunk costs on firms’ entry and market concentration and extended

it by allowing for spillovers stemming from firms’ investment in product quality. In the

24In the setting with exogenous spillovers (Figure 1.3), we showed that the higher is spillover, the lower
is R&D investment.
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first part of our paper, we assume that spillovers are exogenous to the firms. As expected
(in this setup), spillovers tend to decrease the lower bound of market concentration and
when strong enough completely eliminate it. Eliminating the lower bound does not,
however, imply immediate elimination of a firm incurring endogenous sunk costs nor,
consequently, a switch to the exogenous sunk costs regime. We showed that for an in-
termediate range of spillovers, 6 € [0, 5), firms do invest in R&D although the market
concentration becomes fragmented as market size grows (that is, there is no positive
lower bound). Finally, for very large spillovers, (6 > ), firms do not invest in quality im-
provement due to very strong disincentive effects of spillovers. In other words, potential
leakages of information in the industry are so large that firms refrain from R&D so that
spillovers do not materialize. The effectiveness of R&D investment plays a key role in
determining both threshold levels of spillovers beyond which the lower bound disappears,
6, and beyond which the exogenous sunk cost regime appears, 0. The testable hypothe-
sis, given an exogenous spillovers assumption, is that market concentration and its lower
bound will be lower when spillovers are higher and the effectiveness of investment in
raising quality is lower.

In the second part we allow firms to protect their investment against spillovers, if it
would be optimal for them. We focus on symmetric pure strategy Nash equilibria, where
all firms either protect their investment or not. As a result, for different values of pa-
rameters different equilibria may arise. For low values of # a "no protection" equilibrium
exists while for high enough values of 6§ and ¢ a "protection" equilibrium occurs. Contrary
to the case of exogenous spillovers, we show that ex ante spillovers may lead to a more
concentrated market structure due to the possibility of firms’ private protection from
spillovers, and this represents another testable hypothesis. It also suggests the related
testable hypothesis that a lower effectiveness of raising quality (higher ¢) does not lead
to lower endogenous sunk costs, and, consequently, to lower market concentration if it
triggers firms to use costly protection against spillovers.

We also show that the framework in which firms manage spillovers can be viewed as
the situation where both public and private protections are present and that, in turn,
enables one to study the economic interaction of the two forms of protection.

Finally, it is worth stressing that our paper is related to three separate topics in in-
dustrial organization literature: i) innovation and R&D incentives, ii) market structure
and iii) knowledge spillovers. While the related literature usually studies all three no-

tions separately, commonly assuming market structure and R&D spillovers as exogenous
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parameters, we put forward a theoretical model that simultaneously and endogenously

determines the equilibrium values of all three features under considerations.
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1.A Appendix 1

1.A.1 Derivation of demand for quality good
Consumers’ maximization problem is:

max (uz)”z1~#
T,z

s.it.pr+poz <1
With the budget constraint satisfied with equality, * = % and the utility function becomes
B
(ux)Pz1=F = (u (I_P#)) 2178, FOC with respect to z are:

rocty- o (S| [ (5] o

poz = (1-B)1
px = BI

1.A.2 Derivation of dd%"

Direct effect of 8 on II, : %.

Taking the expression for profit (1.4), it can be seen that 6 enters II; directly only in the expressions for
uj and uj. Therefore,

00~ u dd 0w A T ouw e T I EEAE

N—1 of them
From (1.4) we calculate partial derivatives:
o1, N -1 N -1 .
3 - =25|1- 5> (1/uj)
U T4 ui> (1/u}) j#i
i L4 uid o (1/u})
J#i

and

J#i

L+uy
J#i

oI, N-1 N-1 ut
—25|1- S
du; 14wl Y (L 2 < u 2)

+ 12( / j) < (1/’(1,;)) ( j)

d(;g' = Y u; and % =u;+ > uy. With symmetry assumption, 95 = 25 (+) (&54) &=L
J#i k#i,k#j
(N-Du-25(%) ()2 x(N-1ux(N-1)=0

Indirect effect of 6§ on 11, : gﬁi dfl\g.

Ol < 0 from (1.4). In order to find %", we use zero-profit condition (1.8). It defines N* from the

ON* Tdo g

implicit function G = F;(N*,S) + Fy — % = %ﬁ%‘m + Fy — % = 0. From implicit function
dN* 0G /06

theorem, =

o~ 0G/ON*
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—28(N* —1)2

SN*2 (14 0(N* — 1))
derivation of 0G/ON*) and as a result, dN*/df > 0.
Therefore, the indirect effect of spillovers on profit is negative:

First, 0G /00 =

< 0. Second, dG/ON* > 0 (See Appendix 1.A.4 for formal

OIl; dN*
ON* df <0

1.A.3 Proof of proposition 1: derivation of N ()

We can rewrite the zero-profit condition (1.8) as:

Fo _ N+ (N-1)0)—(2/8)(N —1)*(1 — )
S N3(1+ (N - 1))

(1.A.1)

Now, if S — oo, the left part of the expression above decreases to zero. Then the right part will be
equal to zero in two cases:

(a) for g > %, only if N — co. The denominator of the right hand side expression is a polynomial of
degree four (always positive), and the numerator is an always positive polynomial of degree two
(for 6 > 2—J2r5 and N > 0). Therefore, as S — oo and % — 07, the right hand side expression

approaches zero only if N — co.

(b) for 6 < 2_42-6’ the expression in the numerator of (1.A.1) can be equal to zero for a finite value
of N. We demonstrate this with the following observation. The numerator of the right hand
side of (1.A.1) is a polynomial of degree two, which describes an inverse parabola (for 6 < %)
At N =1, the derivative of the numerator is positive. Therefore, this polynomial represents an
increasing (at N = 1) inverse parabola, which reaches its maximum at N > 1, then decreases and
crosses horizontal axes at N > 1. This numerator is divided by a positive polynomial of degree
four, which guarantees that the crossing point of the right hand side expression with horizontal

axes is determined by the numerator. Solving
N1+ (N-1)8) — (2/0)(N-1)*(1-6)=0 (1.A.2)
provides value of N% () (the upper bound on the number of firms).

Therefore, 6 € [0, 2—J2r§) represents an endogenous sunk costs regime region of spillovers, where the
number of firms is limited by a finite number as S — oc.

In fact, an alternative and straightforward way to find this upper bound on the number of firms in
the endogenous sunk cost regime is to set Fy = 0 and then calculate the number of firms in the free entry
equilibrium that will give us exactly N& (6).

1.A.4 Derivation of entry and escalation effects and their limits
when S tends to infinity

The marginal effect of an increase in the market size on a firm’s endogenous sunk costs, F;(N*,S) is:

AF(N*,S) _ OF(N",S)dN*(S) | OF(N",S)
S ON* ds a5

"entry effect" "escalation effect"

1. The "escalation effect”: ,
. —1)2(1— . OF;(N*S 2(1 -0)(N* -1
With F(N", 5) = S35trsamv1y) we obtain: (as - 5N(*3 (1 +)(9(N* _)1))

2. The "entry effect”:

Using the expression for F;(N*,S), and zero profit condition % = N*6(1“1\,]\7*25(11)?(;\,2*@\7;);)1)2(176), we

OF;(N*,S) dN*(S)
ON* ds

>0

obtain "entry effect”:
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In order to

The sign of the effect depends on the signs of two parts. First, consider

N*(S)
ds

J— 2 J—
G=Fi(N*8)+ Fy— 2= = sy + Fo— 52 = 0.
AN*(S) 9G/dS

From the implicit function theorem, =

AN*(S)
s

derive explicitly , we use a zero-profit condition (1.8). It defines N* from the implicit function

ds - 0G/ON*’
. 2(1—6)(N*—1)? 1 —201-60)(N*—1)24+6N*(1+0(N* —1))
(a) First, 0G/0S = NG+ —1))  N7? NG (110N — 1) . To
simplify notation, we denote the numerator of this derivative as Z = —2(1 — §)(N* — 1)?
IN*(14+6(N* —1)). Using the derivations in Appendix 1.A.3, Z is positive if 6 > 2_42r§‘ If

0 < 2_42r§’ we have that Z describes an inverse parabola in N, which crosses horizontal axis at
N > 1. This means that, Z is decreasing in N, for N > 1. However, note that Z/4 is the same as
expression in (1.A.2), which defines the upper bound on the number of firms N . As a result, Z
is positive for N < N . Therefore, 0G/0S < 0.

—25(N* -1 O)(N* -3+ (N*—1)(2N* —3)0 28

(b) Second, 0G/ON* = ( N 5N*221 n 9(N—:£ M ) %) + s =
 =2S(NF—1)(1 = 0)(N* =3+ (N* —1)(2N* — 3)0) + 2S6N*(1 + O(N* — 1))?
B ON*4(1460(N* —1))? '

Below, we show that the numerator of 0G/ON™* is always positive:

—28(N* —=1)(1 = 0)(N* =34 (N* —1)(2N* = 3)0) +2SON*(1 + O(N* —1))*> > 0
Dividing by —25:
(N* —=1)(1 = 0)(N* =3+ (N* —1)(2N* = 3)8) —oN*(1+0(N* —1))* <0
Further, we substitute 2(1 — 0)(N* — 1)? instead of IN*(1+ 0(N* — 1)), using expression (1.A.2):
(N* = 1)(1 =) (N* =34 (N* = 1)(2N* = 3)8) —2(1 — O)(N* — 1)>(1 + (N* —1)) <0

Dividing by (N* —1)(1 — 6):

(N* =3+ (N"=1)(2N" =3)0) =2(N" - 1)(1 +6(N" —1)) <0

N* =34+ (N*—1)(2N* = 3)0 < 2(N* —1)(1 + (N* — 1))

Opening the brackets:

N* —3+2N*20 —5N*0 +30 < —2+ 2N* +20 — 4N*0 + 2N*?0

and simplifying, we obtain
—1+60<N*(1+90)

which always holds. Therefore, 0G/ON* > 0.

As a result, we have that dN*/dS > 0.

OF;(N*, S)

ON*
the case unless spillovers are zero or rather small.

OFN™, 5) _ = —25(V" = (1 — ) (N” = 3+ (N* — )N" — 3)9). The sign of this derivative de-

Now, we consider the first part of "entry effect": . Typically, as the number of firms

increases, each firm has fewer incentives to invest into quality: < 0. In our setup this is also

ON* ON* (14 60(N* —1))2
pends on the sign of N* —3 + (N* — 1)(2N* — 3)0. For 0 > 0., where 0. = %, we have
OF;(N*,S)

N* =34+ (N* - 1)(2N* — 3)§ > 0 and < 0. On the other hand, for § < 6., we have

ON*
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OF;(N*,S)
ON*
Vives (2008) assigns the general ambiguity of the sign of

>0
OF;(N*,S)
ON*

the direct demand (or size) effect, and ii) the indirect (or elasticity) price pressure effects. The direct
demand effect predicts that, for a given market size, if more firms enter, the residual demand of a
firm will decline, and a firm has fewer incentives to invest in R&D. The elasticity of residual demand,
however, will increase, and this will have a positive effect of the R&D incentives because with higher
elasticity of demand (that a firm faces) it is optimal for a firm to expand output and that, in turn,
makes the investment in R&D more attractive. The latter describes the second, indirect price pressure
(elasticity) effect. Note that the direct demand effect typically dominates the price pressure effect, and
R&D decreases with the number of firms. However, as we have just seen, it is possible that under certain
circumstances (zero or very small spillovers in our case) it is the other way around (see Vives, 2008, for
a comprehensive discussion on this point).

to the two opposing effects: i)

As already noted, this "entry effect” w X % is of second order importance for a large market.
Thus, the direct "escalation effect” w dominates, and governs the effect of .S on endogenous sunk

costs. In our setup, the "entry effect” turns out to be:

OF;(N*,S) dN*

N+ dS
K (N* = 1)(0 — 1)(N* =3+ 1(N* — 1)(2N* — 3)0)
T S (N (4—N*40)+60 —3—2N*(6+ N2+ — N*(4+0))0 + (N* — 1)2(N*(2 + 6) — 3)62

(1.A.3)

Finally, let us consider what happens to the "escalation effect” and "entry effect” as S approaches
infinity.

First, it is straightforward to see from the expression above that the limit of "entry effect” w X
% is zero. This holds irrespective of the ratio Fj/S, provided that we are not in exogenous sunk costs
regime regions.

The limit of the "escalation effect”, on the other hand, does not approach zero for 6 < 6:

. OF;(N~,5) . 2(1 — 0)(N* —1)? 2(1 - 0)(NE, —1)2
1 _— = 1 = © . H
oo b<i O ooy 5 NS (140N 1)) GNDB (11N 1)) O Howeven,

for § > 6, with S approaching infinity we also have that N* approaches infinity, so
. OF;(N*,5) . 2(1 - 0)(N* —1)2
lim ——= = lim = 0.
S—o0, >0 oS S-s00, 628 ON*3(14+0(N*—1))

1.A.5 Exogenous sunk costs region

As already mentioned, u is defined on the domain Ll, 00), which means that for some range of S < S
firms will be choosing u = 1. In order to determine S, we first have to derive the equilibrium number of

firms for u = 1. Zero-profit condition becomes: 1° + Fy = S/(N*)? = II;. Then, N* = /2= if u = 1.

. Substituting N* = ﬂ/% and u =1

u=1

d

Now, we have to find maximum S, for which d{f?

dF;
< qur

u=1

in the expressions 4% and

25(1-9)0/%-1)2
(Vi)™ (e (i 1)

Numerical computations demonstrate that for 6 = 0.2, Fy; = 2 and § = 2, we obtain S = 12. This
means that for the market size below S = 12, firms are choosing a "basic" quality level © = 1, and the

number N* of firms in the market is y/—2—. Similarly, for # = 0.5 we have that S = 27, and for § = 0.7

dF;

Jus, We obtain:

< 4. Solving this expression for S, we obtain S

1+Fp *
we obtain S = 303. But for & = 0.9 there is no threshold S. This means that for such high spillovers,
for any market size S, firms choose the "basic" level of quality © = 1, and there are no endogenous sunk

25Clearly, decomposition on "entry” and "escalation effect” makes sense only when we have endogenous
or hybrid regime.
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costs. We define the region S < S, where only exogenous sunk costs play a role, as the "exogenous sunk
costs region". The dotted line in Figure 1.2 demonstrates the "exogenous sunk costs region" for different

6.

1.A.6 Derivation of 0

0 > 6 defines a region where spillovers are so high that it does not pay-off to have positive expenditures
on quality, and firms stick the to basic quality level u; = 1.
In order to determine 6, we first have to derive the equilibrium number of firms for v = 1. From

zero-profit condition: 1° + Fy = S/(N*)? = 1I;, we have N* = 1+SF0 if u=1. Now, substituting v =1
and N* = % into g < gf - , we find that this condition holds for 6 > é, where
u=1 u=1
i 2F2 +25+2 — VI + 1VS(6 +4) + Fp(2S — 4y + 1VS + 4) (L.A4)

2F3 +2S 42 — /Fy + IVS(6 +4) + Fy(2S — 4/Fp + 1V/S +4) + 56

Therefore, as spillovers are high, 6 > 0, firms are choosing the "basic" level of quality u = 1, and we
are in the "exogenous sunk costs regime". ~
In general, the higher market size S is, the higher has to be the spillover threshold 8 for which the

market switches to an exogenous sunk costs regime: j—g > 0. However, it is easy to notice that 6 is
always below 1. For S approaching infinity, we obtain lim 6= 2(21(J1F+F°) This means that for any S,
S—o0 0)+0

if spillovers are 6 > %, we obtain an exogenous costs regime. This limit of 6 is decreasing in 9:

if increasing quality is very costly, the market will be characterized by an exogenous sunk costs regime
even for smaller spillovers. On the other hand, this limit of # is increasing in Fp: if fixed entry costs are
high, the market will be characterized by an exogenous sunk costs regime only for very high spillovers.

1.A.7 Comparative statics with respect to  for the number of
active firms in the market N*

1
o 6 =0.2 == 6 =0.4
0.6- 0.6
protection protection
sl ==« ===« NON-protection 05k e non-protection
0.4f%, 0.4
«...
0D3f .'-‘... \ 0.3 *a %
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Figure Al: Equilibrium market concentration as a function of § for = 0.2 (left) and
for = 0.4 (right)

From Figure A1 below, we can split the range of § values roughly into three parts:

(1) for low §, when the investment in R&D is more effective, industries with higher spillovers 6 will
have a higher number of active firms in the market N* and lower concentration (dashed line in Figure
A1 (right) is below the dashed line in Figure A1 (left) for 6 < 1.75);

(2) for intermediate values of §, industries with higher spillovers 6 will now have a lower number of
active firms in the market N* and the higher concentration (solid line in the Figure A1 (right) is above
the dashed line in Figure A1 (left) for § € [1.75, 3]). This happens because, for higher spillovers 6, firms
are already using protection against spillovers, which makes the investment into quality more attractive,
increases endogenous sunk costs, and prevents entry;
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(3) for high values of & the number of firms is the same for all values of spillovers 6 (solid lines in
Figure A1 (left) and (right) coincide for § > 3). This happens because, for high enough §, for any values
of spillovers firms find it beneficial to protect against spillovers in equilibrium, which limits effective

spillovers to zero and makes equilibrium number of firms equal for all exogenous values of 6.
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Chapter 2
Endogenous Sunk Costs, Spillovers and R&D

incentives: An Empirical Analysis

2.1 Introduction

In this Chapter, I focus on the role of knowledge spillovers in markets with endogenous
sunk costs, and empirically investigate how these spillovers affect the link between market
size and market concentration. One of the key predictions in the endogenous sunk costs
literature is that an increase in the market size leads, ceteris paribus, to the escalation of
endogenous sunk costs (e.g., R&D expenditures) that, in turn, makes entry of new firms
difficult or even absent (or negative). Thus, market concentration may not decrease with
an increase in market size, but may actually remain unchanged or even increase. In other
words, the relation between the market concentration and size of the market is not mono-
tonic in such markets'. However, in Chapter 1 of the thesis, we show that the presence of
high knowledge spillovers significantly increases the probability that the market will be
fragmented, regardless whether endogenous sunk costs are important in the market. In
Chapter 2 I provide new empirical evidence of the relationship between R&D incentives
and knowledge spillovers, based on firm level survey data. The results contribute to the
debate on the disincentivising effect of knowledge spillovers on the incentives of individual
firms to invest in R&D. I am able to demonstrate consistently negative (disincentivising)

effect of knowledge spillovers on R&D expenditures for different empirical specifications.

1On the other hand, in the markets where only the exogenous sunk costs matter, there is a clear
positive monotonic relationship between fragmentation (or concentration) and the market size.
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The outline of this Chapter is as follows. Subsection 2.2 gives an overview of the
empirical literature which tests endogenous sunk costs model by Sutton (1991), and
empirical literature which addresses the role of knowledge spillovers related to incentives
to invest in R&D. Subsection 2.3 presents the hypotheses to be tested. Subsection 2.4
describes the empirical model. Subsection 2.5 describes the data and Subsection 2.6

presents the estimation results. Subsection 2.7 concludes.

2.2 Related Literature

This empirical research is related to two broad issues and to two strands of the literature.
The first issue stems from the theory of endogenous sunk costs (in the form of R&D
investments), and their relationship to firm size, market structure and concentration.
The second topic deals with the issue of knowledge spillovers, appropriability and R&D
incentives. In what follows, I will describe the current stand of the literature on both
topics, and how this paper is related to each of them. This paper makes an attempt to
build a bridge between these two most broad issues studied in the empirical literature
related to R&D incentives.

Among many empirical papers which test the predictions of the endogenous sunk costs
theory, my paper is the first to estimate the effect of knowledge spillovers in the setup
of endogenous sunk costs theory, and the effect of those spillovers on market size and
fragmentation relationship. This paper does not provide a direct test of the endogenous
sunk costs theory. Rather, by establishing and testing the role of knowledge spillovers
in the endogenous sunk costs model, I am able to show that basic predictions of the

endogenous sunk costs theory cannot be refuted by the data.

2.2.1 R&D, firm size and market structure

Empirical and theoretical literature in this field originates from Schumpeterian hypoth-
esis that firm size and monopolistic position in the market are detrimental to a firms’
incentives to innovate. Many years of empirical research established some important ro-
bust findings (Cohen, 2010): (a) the effect of firm size on R&D expenditures is positive
and, to a large extent, proportional; and (b) there is no strong evidence that market
concentration is related to R&D incentives, and compared to the industry effects (which

explain more than 30% of the variation in R&D intensity), market concentration might
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explain only a negligible percentage of the variation in R&D intensity. The lack of con-
clusive evidence on the relationship between R&D and market concentration should not
not be surprising, as the relationship most likely runs both ways. More importantly,
innovation, market entry, and market concentration are co-determined by such factors as
unobserved technological opportunity and innovation appropriability, as shown in Geroski
(1991, 1994).

It was the theoretical setup of Sutton (1991; 2001) that allowed for the empirical
research to depart from the limitations of the Schumpeterian framework. First of all,
Sutton’s endogenous sunk costs framework adopts a "bound approach", predicting the set
of possible market structure outcomes, not one-to-one relationship between concentration
and innovation. Second, and more importantly, Sutton (1991; 2001) determines a set
of core, exogenous factors, which simultaneously drive R&D expenditures and market
structure in R&D intensive industries: demand, homogeneity of submarkets (product
substitutability) and technological opportunity.

Below I summarize some general predictions of the endogenous sunk costs theory with
relationship to R&D incentives, concentration and market size. The theory differentiates
sharply between exogenous and endogenous sunk costs markets ("Type I'" and "Type 11"
markets respectively, following Schmalensee (1992)). In the Type I markets, market size
does not affect sunk costs. Therefore, as the market grows more firms enter the market,
and it is likely to become more fragmented. On the other hand, an increase in the market
size for the endogenous sunk costs markets (Type II markets) leads to an increase in
the R&D expenditures (or other sunk costs) by the market incumbents, which creates
barriers to entry for other firms, and the market is more likely to remain concentrated.

Thus, the predictions about the market size and market concentration are: i) an
increase in the market size in the exogenous sunk costs markets does not influence R&D
investment, but leads to new firm entry and decreased market concentration; ii) in the
endogenous sunk costs markets an increase in the market size leads to an increase in R&D
investment, and consequently limits or prevents the entry of new firms.

In the literature review section 1.2 of Chapter 1 we have described several papers
which empirically test and confirm the predictions of endogenous sunk costs theory for
different markets: Dick (2007) (banking), Matraves (1999) (pharmaceutical), Bronnen-
berg et al. (2005) (consumer package goods), Ellickson (2007) (supermarket chains), Berry
and Waldfogel (2010) (newspaper and restaurant), Marin and Siotis (2007) (chemical in-

dustry). The empirical approach of this chapter does not focus on a single market or
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industry, as do the studies mentioned above. Instead, I test the predictions of endoge-
nous sunk costs theory using the cross-sectional survey data of German firms, where
every observation represents a different firm ¢, and every observation characterizes the
market conditions of the main product of firm ¢ (fragmentation, competitive pressure,
etc). Therefore, this empirical approach treats every observation as a separate market.
This type of aggregate studies pool observations across industries and have the advantage
of using larger number of observations compared to industry-level studies. The limitation
of such an approach, however, comes from the fact that the effect of market size on R&D
is assumed to be the same across industries and markets.

Most related to my approach is a paper by Coscolla-Girona et al. (2011), which tests
an escalating effect of market size on R&D expenditures. The authors use panel data
of Spanish manufacturing firms (1990-2006), and the empirical evidence shows that the
market size variables positively and significantly influence the incentives to carry out

product and process innovations.

2.2.2 "Two faces of R&D"

In Chapter 1 of this thesis we added the knowledge spillovers into the simple endogenous
sunk cost model by Sutton (2001) and analyzed how the presence of spillovers affects
the market structure and concentration as well as a firm’s incentives to invest in R&D
and its action to prevent information leakage ("giving away spillovers"). We distinguish
between the ex ante and ex post spillovers in the sense that the former represents potential
information leakages while the latter takes into account a firm’s possible reaction to and
prevention of such leakages.

Innovation appropriability and knowledge spillovers should naturally form the central
questions in any empirical research on R&D incentives. As correctly noted by Cohen
(2010), innovation itself is embedded in a product, process or service, therefore, is readily
available for all competitors to imitate and reproduce.

There is substantial empirical evidence of a quick leak of information and knowledge in
many industries, and on the sources of such information leakage. In the literature review
section of Chapter 1 we have already mentioned several sources of such information leak-
age. Below I continue to describe some empirical evidence on knowledge spillovers in more
detail. For example, Caballero and Jaffe (1993), and Henderson and Cockburn (1996)

use firm-level data and find significant knowledge spillovers in several industries. Au-

46



dretsch and Feldman (1996b) interpret R&D spillovers as knowledge externalities which
arise from clustered geographical location of firms. According to the empirical model
presented in their paper, innovations tend to cluster in geographical space, even after the
model accounts for the clustered location of production units (see also Audretsch and
Feldman, 1996a). Depending on the size of those spillovers, for some industries clustering
innovations in geographical space is more beneficial than it is for others. Ellison et al.
(2010) attempt to answer the question of what drives the geographical concentration
of industries. The authors find, among other things, that coagglomeration patterns in
the manufacturing industries facilitates intellectual spillovers ("ideas").This provides ev-
idence that mutual knowledge spillovers are present in the industries, and producers take
this fact into account (see also Shenkar, 2010).

Another example of how spillovers might be realized is through input suppliers. Con-
sider the close relationship between an innovating firm and its suppliers. Such a vertical
relationship may result in those suppliers becoming more qualified and hence more attrac-
tive as partners to an innovating firm’s competitors, potentially enabling these competi-
tors to free ride on the R&D investments made by the innovating firm (Mesquita et al.,
2008). In other words, all partners of the supplier may benefit from the supplier’s learning
in relation to a specific firm that initially invests in the improved product quality (due
to specialized inputs requirements, for example). It is reasonable to expect that some (if
not the majority) of those partners would be competitors in the final product market.
Although the risk of such knowledge dispersion can be reduced by exclusive partnership
arrangements, this may not be sufficient to completely prevent knowledge spillovers to

"vertical channel" of knowledge

competitors. Therefore, this mechanism describes the
dispersion between firms (Javorcik, 2004) that could later on evolve in the horizontally
linked spillovers where each firm benefits from the spillovers of other firms.

Empirical studies in Schumpeterian tradition, which I analyze above, conjecture that
firms with an ex post oligopolistic power in the market have more incentives to invest in
innovations. Therefore, it was natural for Spence (1984) to conjecture that knowledge
spillovers might have a disincentivising effect on R&D investment: his model demon-
strates the trade-off between the spillovers decreasing individual firm incentives for R&D
and increasing overall productivity in the industry. This is a very intuitive result, but ex-
isting and very rich empirical evidence is inconclusive: while Hanel and St-Pierre (2002)

show that information spillovers negatively affect profits, Cohen et al. (1987) find that

appropriability can have positive or negative effect on R&D intensity, depending on the
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industry. Those industries which are most likely to suffer from knowledge spillovers
(pharmaceutical, IT technologies, etc.) are also among the industries which invest most
in R&D.

Cohen and Levinthal (1989) offer an "absorptive capacity" explanation for this in-
conclusive empirical evidence. They conjecture that R&D investment not only generates
new knowledge, but also increases a firm’s ability to accept and assimilate information
generated by other firms. The authors refer to this concept as "the two faces of R&D".
In their theoretical model higher knowledge spillovers generate higher incentives for firms
to engage in R&D investment.

Both approaches to the analysis of spillover effects on R&D incentives have their merit,
but later theoretical results are inconclusive on the net effect of knowledge spillovers and
R&D incentives. For example, De Bondt (1997) generalizes different theoretical ap-
proaches and concludes that different models often provide opposite results. In general,
existing models? agree that spillovers increase the general level of productivity in an indus-
try (market, sector, economy), but disagree about the effect of spillovers on the incentives
of individual firms to innovate. In addition, knowledge spillovers increase the incentives
to cooperate in R&D investments. In such situations, the empirical evidence could shed
some light on which effect of spillovers on R&D is stronger: positive knowledge dispersion
and productive creativity; or disincentivising effects, including the motivation to free ride
on the investments of others and thereby save money. However, empirical literature in
general lacks reliable data (measures of spillovers) and methodological approaches to es-
timate spillover effect on R&D, and also provides inconclusive results. Below I will argue
that these inconclusive results are to a large extent driven by the lack of proper proxies
for knowledge spillovers and by a possible two-way causality between R&D investment
and some measures of knowledge spillovers used in the empirical research.

Usually the measure of information flows (patents citations) or the accumulated stock
of knowledge (number of patents) are used as a measure of spillovers. However, as noted
by De Bondt (1997), knowledge spillovers are to a large extent endogenous, determined by
the specific appropriability mechanisms prevailing in the industry, and those (endogenous)
knowledge spillovers to some extent interact with the (exogenous) information leakages
and channels. Therefore, the biggest problem of the empirical approach is to find correct

measures for spillovers, controlling for the possible appropriability instruments used by

2Models include endogenous growth literature, contestable inventions models, cooperation in R&D
and consortia, and models with asymmetric R&D strategies (leaders and followers in inventions).
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firms.

In what follows, I will describe some of the empirical approaches used, and the conclu-
sions which were derived about R&D and spillover relationship. Survey-based approaches
are most interesting, using similar data structure to that in this Chapter. Levin’s (1988)
paper uses survey data of 650 US managers about R&D investments in their companies
and knowledge spillovers. As the measure of spillovers, the author uses the effectiveness
of various "learning methods" used by the firms: hiring the employees of innovating ri-
vals, personal communication with rivals’ employees, reverse engineering, their own R&D
investments, etc. The author claims that if the manager responds indicating that these
"learning methods" are relatively effective, then the spillovers are also high in that envi-
ronment. Results obtained by Levin are as follows: the higher the knowledge spillovers
(as defined in the paper), the higher is the R&D intensity®. No disincentivising effect
of spillovers was demonstrated. In order to explain why these results ware obtained,
this paper further analyses R&D intensity and spillover measures across industries. For
example, computer and electronics industries have higher R&D intensity and also higher
spillovers, compared to other less research intensive industries. Levin attributes this to
specific technologies used in each industry, and to the fact that it is hard to measure the
effect of spillovers in such a heterogeneous pool of industries, where R&D and spillovers
play very different roles.

Cohen and Levinthal (1989) test their model with an empirical survey data (1975-
1977, almost 2,000 business units in the U.S. manufacturing sector), and are able to
demonstrate that there is a positive direct effect of spillovers on R&D incentives, which
supports their theoretical conclusion that a firm’s own investment in innovation helps
to absorb the innovation developed by others. On the other hand, higher spillovers are
associated with lower innovation appropriability, and lower appropriability leads to lower
R&D incentives. Overall, the net effect of spillovers on R&D proves to be negative. Cohen
and Levinthal (1990) use the same data, but apply more rigorous estimation techniques.
Their results also suggest that there is a positive absorption incentive associated with
spillovers, and it could be strong enough to overcome the negative appropriability effect
of knowledge spillovers on R&D incentives.

Similarly, a paper by Cohen and Walsh (2000), using a Carnegie Mellon Survey on
Industrial R&D, estimates the effect of spillovers on R&D. As a measure of spillovers the

paper uses the importance of information from competitors in developing a firm’s own

3R&D investment divided by total sales.
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innovations. The authors correctly note that the measure of spillovers is not exogenous in
their data, because it is highly influenced by the appropriability mechanisms used by the
firms. Again, knowledge spillovers have two offsetting effects on a firm’s investment in
R&D. On the one hand, high spillovers decrease appropriability and decrease incentives
to invest in R&D. On the other hand, spillovers will influence R&D incentives directly,
either positively (if information from competitors is complementary to a firm’s own R&D),
or negatively (if information from competitors is a substitute for a firm’s own R&D).
Empirical evidence in Cohen and Walsh (2000) demonstrates a strong complementarity

between a firm’s own R&D and information from competitors.

An opposite effect is demonstrated in Kim and Marschke (2005), who build the model
of labor flows, patenting incentives, and R&D intensity. They are able to show that
higher (research) labor mobility increases incentives to patent innovations created by
firms, and decreases their R&D incentives. The authors find empirical evidence that
supports their findings using a cross-sectional firm level dataset and demonstrate that

higher labor mobility is associated with lower R&D intensity.

As mentioned above, empirical research of knowledge spillovers and R&D incentives
requires reliable data on spillovers prevailing in the industry or in specific firm environ-
ment. As noted, using patent data as a measure for spillovers suffers from endogeneity
problem?. In addition, Mansfield (1986) and Cohen et al. (2000) show that only a small
number of inventors rely on patents, and other (more informal) mechanisms of protec-
tion are considered more effective in achieving appropriability. Interestingly, Cohen et al.
(2000) point out that protection mechanisms are not mutually exclusive and are often
used together. Different effectiveness of those mechanisms (as reported in surveys) simply
means that firms are using different protective strategies, making some mechanisms their
central choice. I conclude that knowledge spillovers are to a large extent firm-specific
rather than industry-specific, and the whole set of protective measures has to be used to

correctly asses the appropriability conditions in which a firm operates.

4Cohen et al. (2000) compute correlations of effectiveness of different protective measures (patents,
secrecy, lead time) with firm size. They show that only patent effectiveness is positively correlated with
firm size, suggesting that large firms believe that patents are more effective. As large firms are also
more likely to spend more on R&D, this implies the knowledge spillovers are endogenous, if measured
by patent pool or patent effectiveness as reported by firms.
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2.3 Testable Hypotheses

The key point of the expression (1.8) is the relationship between the market size S and the
equilibrium number of firms N. For the large enough market size S and low spillovers
0 < 2%5) there is a finite number of firms that satisfies (1.8). In other words, an
increase in S in this case has no effect on the equilibrium number of firms but affects
only endogenous sunk costs that rise with S (see Senyuta and Zigi¢ (2012) for formal
derivation of this result). When, however, ex post spillovers are high (6" > Q—i(;) or firms
do not incur endogenous sunk costs (that is, u’ = 1), then increase in market size leads
to an increase in the number of firms and to market fragmentation (low concentration)

with small or no increase in endogenous sunk costs.
The above considerations lead to the first testable hypothesis:

Testable hypothesis 1: markets/industries where endogenous sunk costs are im-
portant (Type IT markets) and ex post spillovers 6" are low, would remain concentrated
as the size of the market S increases. On the other hand, when 6" is high or endogenous
sunk costs are not important (Type I markets), market fragmentation increases as market
size S increases. It is important to note here that this hypothesis differs from the original
empirical strategy used by Sutton (2007), which defines predictions of endogenous sunk
costs theory in terms of bounds (for example, other empirical papers using a "bound
approach" are Ellickson (2007) and Robinson and Chiang (1996)). Instead, hypothesis 1
tests the non-fragmentation result of endogenous sunk costs theory, but cannot be con-
sidered a direct test of Sutton’s model. Data limitation is the main reason the "bound
approach" cannot be employed in estimation. Subsection 2.6 describes in more detail
the limitations of the data, as well as empirical results of non-fragmentation hypothesis
testing.

Equation (1.7) serves as the basis for the next testable hypothesis, which is tightly
related (corollary) to Hypothesis 1 and deals with the impact of i) spillovers and ii) of
market size S on the endogenous sunk costs F;. Testable hypothesis 2: endogenous

sunk costs expenditures, regarded as R&D and advertisement expenditures, decline in ex

dF; dF;

7+ < 0 while ¢

post spillovers but increase in market size. Formally, > 0 (see Senyuta
and Zigi¢, 2012, for derivations).

Hypothesis 2 predicts that increase in market size leads to increase in R&D expendi-
tures. This relationship, however, can be reversed, i. e., market size can be endogenous.

For example, Acemoglu and Linn (2004) demonstrate that the relationship between mar-
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ket size and R&D can be two-way: higher R&D would increase willingness to pay for the
product, eventually would create new markets for the product, and money-value of mar-
ket size would increase. The authors propose to use exogenous variation in the market
size, not related to sales, but determined by demographic characteristics. In the dataset I
also cannot rule out a two-way relationship between R&D and market size. One obvious
way higher R&D can lead to an increase in the market size is through the export channel:
by increasing their R&D expenditures, firms are able reach foreign markets, to export
more, and in this way they increase their market size. To control for the endogeneity
problem, I estimate an empirical model for the sample of firms whose export constitutes
an insignificant share of sales.

Furthermore, the theoretical analysis in Chapter 1 points to the relation between a
firm’s decision to use private protection against spillovers on one side and the level of
ex ante (or exogenous) spillovers 6 and R&D efficiency parameter 6 on the other side.
Testable hypothesis 3: there is a positive relationship between a firm’s protective

measures and the size of ex ante spillovers and efficiency of the R&D investments.

2.4 Empirical Model

This section of Chapter 2 aims to empirically test three hypotheses that stem from the
theoretical model in Chapter 1 and are stated in the previous section. I employ cross-
sectional data to test the hypotheses. In this case, each observation contains information
on a specific firm (with its own R&D spending, number of competitors, market size,
knowledge spillovers experienced), and represents one of the realizations of the parameter
values in the model: S, 0, 0", 5, N. Therefore, I observe multiple realizations of the
theoretical model, and each observation of the parameter is individualized: S;, 6;, 67, ¢;,
N;. T test basic relationships of the theoretical model (between the market size and R&D
spending, for example) with this cross sectional data.

To test empirical Hypotheses 1 the following econometric model is used:

p

1, if y* < mny,
2t0 6, ifm <y* <,
comp = (2.4.1)
7 to 16, if o < y* < ms.
| more than 16, if n3 < y™*.
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where comp is the categorical variable which measures the number of competing firms
in the market, and y* = X 0, + € is the exact but unobserved dependent variable,
X is the vector of exogenous explanatory variables, which also includes the vector of
industry dummies. Ordered logit regression is used to estimate the model (2.4.1), and
this model is estimated separately for different market types®. comp = 2 denotes the base
category with 2 to 6 competing firms in the market, while comp = 3 and higher denote
categories with more competing firms in the market®. Hypotheses 1 makes a prediction
about the relationship between one of the regressors in X; (Market size) and comp
variable, stating that this relationship should be positive and more pronounced in Type I
markets (exogenous sunk costs markets) compared to Type II markets (endogenous sunk
costs markets).

To test Hypotheses 2, which addresses the relationship between R&D expenditures
(sunk costs) and market size and ex post knowledge spillovers, the following model is

used:
RD* if In(RD*) > q
RD = (2.4.2)
0 if iIn(RD*) <gq
where ¢ is lower than the logarithm of minimum uncensored value of RD, and the latent
variable is RD* = exp(ay + X2 +€2) Regression (2.4.2) is estimated with Tobit”. This
hypothesis predicts a disincentivising effect of ex post spillovers on R&D expenditures.

To test Hypothesis 3 which predicts a positive effect of ex ante spillover on the pro-

tection efforts, the binary model is used:
protect = ag + X333 + €3, (2.4.3)

where protect is a measure of the protective actions taken by the firm. Regression (2.4.3)
is estimated using probit and ordered logit regression. Several different variations of the
model are estimated, depending on the dependent variable: probit regression is used if
the dependent variable is the dummy variable for a specific type of protection (secrecy,
patent, etc.), and ordered logit regression is used to account for the fact that the protect

variable is discrete count variable, and takes a finite number of values (the number of

SMarket types are: (1) Low R&D intensity and low ex ante spillovers, (2) Low R&D intensity and
high ex ante spillovers, (3) High R&D intensity and low ex ante spillovers, (4) High R&D intensity and
high ex ante spillovers

6There is a small number of observations for comp = 1 (single firm on the market, no competitors)
and I omit this category from the model as well as the observations where comp = 1

"About half of the observations in the sample have zero spending on R&D
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protective activities undertaken by a firm).
Section 2.5 below describes in detail which variables are included in explanatory vari-

able vectors X in each of the regressions.

2.5 Description of the Variables

Empirical estimation is based on the Mannheim innovation panel dataset MIP (1993-
2007). This is the firm-level annual survey of German firms conducted by the Center for
European Economic Research (ZEW) and this dataset covers a representative sample of
the German manufacturing sector and business related services. In particular, the dataset
includes firm level information: sales, costs, operating margin, expenditures on innovation
activities (including marketing activities) and R&D, private and public IPR protection
measures undertaken by firms; and firms’ relevant market information: market structure
(number of main competitors), market share, the level of spillovers in the market (direct
measure, firms’ assessment of market spillovers from different sources). This information
is submitted by firms to ZEW in the form of a completed questionnaire on a voluntary
basis. In addition, each firm is attributed by ZEW to the particular industry based on a
standard three-digit industry classification (in total, 22 industries are represented in the
sample®).

There are several attributes of this dataset which are worth mentioning. Firstly,
the market for the main product (and therefore, the market size) is self defined by the
firms. The boundaries of the market are not observed by the researcher from the dataset,
but are defined by the firms themselves. I believe that the definition of the "relevant
market for the main product"” in the dataset is limited by both geographical and industry
classification, and is quite detailed, because it is provided by the market participants,
but I acknowledge that to the large extent this market definition by the firms cannot be
observed and controlled for. An alternative approach previously used in the literature
is to classify firms based on 2-digit or 4-digit industry classification, and attribute to
every firm relevant market/industry characteristics based on the statistical data for that
industry. In addition to significantly limiting the variation of market/industry data (the
number of industries is usually very small, even if a 4-digit classification is used), this
approach has some serious limitations. 2-digit industry classification is very broad, and

it is very likely that firms which belong to the same industry by classification, produce

8See Appendix for the detailed description of the industries.
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products which differ significantly. On the other hand, 4-digit industry classification is
too narrow in the sense that most firms produce several products which often belong to
different classes.

The second important feature of the data is that the same market can be represented
in the dataset several times, if several firms (operating in the same market) appear in
the data. However, because of anonymity it is impossible to determine which are those
firms®.

A third point to note about the dataset is that the cross-sectional version of MIP
dataset is used. The time span of the MIP is quite long, but the information collected
is not consistent across years. For example, such a crucial variable as characteristics of
the market structure is collected only in 2005 (number of main competitors, intensity
of competition, etc), data on labor turnover and acquisition and loss of knowledge is
collected only in 2006. Many individual observations (firms) drop out of the dataset
between years, and new firms appear in the later years, so the dataset is unbalanced. I
extract the dataset from the unbalanced panel, and obtain cross sectional dataset, where
the number of observations is roughly between 700 and 1000, depending on the variables
used in the regression. Detailed Table 2.5 with descriptive statistics is provided in the
Appendix, and the description of variables is provided below.

All size-related variables in the dataset are multiplied by a firm-specific random num-
ber. This random number is a firm-specific time-invariant constant, i.e. every variable
randomized in this way is multiplied by the same number for each firm. This guarantees
that firms can no longer be recognized on the basis of absolute values they have reported.
This procedure is used on the turnover figures (in millions of DM) and the number of
(full-time) employees. The quotient of these two variables (turnover per full-time em-
ployee), however, remains unchanged. For the estimation, this randomization procedure

is similar to the multiplicative error.

2.5.1 Dependent variables

I use two direct measures of R&D expenditures: spending on R&D (in millions of DM,

per year) and R&D intensity (total R&D spendings/total sales) of the firms. Let R&D

9Researchers would be able to extract very valuable information if it were possible to determine which
firms self-define themselves in the questionnaire as belonging to the same market. In the survey data
I use, firms self-determine the relevant market for their main product, and report the characteristics of
that market. If several firms reported the characteristics of the same market, it would allow me to avoid
the measurement and reporting errors.
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intensity for firm ¢ be RDI;. Then, RDI; = gf;fsi (as defined by the firm, using accounting
information)'®. Model predictions of the effect of spillovers on R&D intensity are the same
as the prediction of the effect of spillovers on R&D expenditures. The database provides
information on R&D intensity only. R&D expenditures are calculated by multiplying the
RED intensity on the level of turnover. As a robustness check, I also use a proxy for
R&D expenditures: the number of employees who carry out R&D tasks. This measure

is obtained by multiplying the intensity of personnel R€D allocation on the number of

all employees'!.

As the measure of market concentration, I use the number of main competitors, as
defined by the firm itself. This variable is represented by the categorical variable in the
dataset. Four categories are defined in the questionnaires: (1) a firm has no competitors
in the main market, (2) 1 — 5 competitors, (3) 6 — 15 competitors, (4) more than 15
competitors. The firm chooses the category which describes its market structure best!'2.
The answers of the firms about the number of their main competitors are grouped in
categorical variable comp;: comp; has value 1 if firm i has no competitors (one firm in
the market), it has value 2 if firm i has between 1 and 5 competitors, it has value 3 if

firm ¢ has between 6 and 15 competitors, and it has value 4 if firm ¢ has more than 15

competitors.

protect; is another dependent variable in the dataset. The theoretical model predicts
that as ex ante spillovers get higher, firms are more likely to use private protection against
spillovers (Hypothesis 3). There are two variations of this variable: (i) dummy variable,
which takes value 0 if the firm is not using a specific protective measure, and takes value
1 is the firm is using it; (ii) count variable version, which is defined on the range from 0 to
3 (for example, protect; = 0 if firm 4 is not using any private/public protective measures,
and protect; = 3 if firm is using all of the private/public protective measures listed in the

questionnaire).

OTnnovation intensities over 0.35 are truncated to 0.35, therefore, values RDI=0.35 are considered
outliers and dropped

1Variable "intensity of personnel R&D allocation" is provided in the dataset and is calculated as
employees who carry out R&D tasks
all employees

I2More detailed information on competitors is believed to be confidential.
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2.5.2 Main regressors
2.5.2.1 Measures of spillovers

The dataset contains many variables which can be described as some measures of knowl-
edge spillovers. These are firm’s estimates of industry /market knowledge spillovers that
a firm is experiencing. As explained in the theoretical model, I differentiate between ex
ante and ex post knowledge spillovers. The first characterize the environment in which
the firm operates (technologies, etc). For example, one can expect that in pharmaceutical
and high-tech industries ex ante spillovers will be higher. However, I claim that having
very high ex ante spillovers in an industry does not mean that the industry will have very
low spending on R&D (because firms will be afraid that their "technological advances"
will be stolen, etc.). On the contrary, an environment with very high ex ante spillovers
might incentivize all firms to use private protection against spillovers, ex post spillovers
would be low, and the industry may experience even higher R&D expenditures. An al-
ternative explanation of positive association between R&D and ex ante spillovers is that
in the industries positive absorption effect (described by Cohen and Levinthal (1989))
might dominate, and higher ex ante knowledge spillovers would be associated with higher
incentives to invest in R&D.

The model does not discriminate between the two explanations of positive R&D and
ex ante spillover relationship (the positive absorption effect of Cohen and Levinthal (1989)
and the protection channel described in Chapter 1). Most likely, both effects contribute to
the positive relationship. However, I also run a regression where the dependent variable
is a level of private protection from give away knowledge spillovers. This allows me to
investigate whether firms with higher ex ante spillovers are more likely to use more private
protection measures. Therefore, it would provide evidence that a protection channel is
present in the data and could be driving (to some extent) the positive R&D and ex ante
spillover relationship.

Further in this section I present PCA (principal component analysis) of the variables
which measures the extent of knowledge spillovers. These include variables which describe
the importance of different information sources for the firm (infol — infol0), and the
extent of use of protection mechanisms (protectl — protect8). These 18 variables are
described in detail in the appendix in Table 2.12.

All measures of knowledge spillovers are highly correlated, and that is not surprising

(see Table 2.13). The goal is twofold: first, I want to have a single variable which

S7



represents spillovers in the database, in order to be able to measure the disincentive
effect of spillover on R&D expenditures. Second, I would like to classify the measures
of spillovers, that is, to find how they are related. Principal component analysis allows
me to perform both. I combine the measures of spillovers (variables) and create 2 new
factors - principal components (PC1 and PC2). All 18 variables are combined in such
a way that the first new factor (PC1) explains the highest share in the variation of the
data. The second factor (PC2) explains the highest share of the remaining variation, and
so on. Only two principal components are used in the regression analysis (together they
explain more than 50% of the variation in spillover measures data).

Table 2.14 demonstrates factor loadings of different spillover variables on those princi-
pal components. In fact, such loading coefficients represent correlation between spillover
variables and a specific component. All spillover variables are positively related to PC1,
and variables characterizing the importance of information sources have higher correla-
tion with PC1 than variables describing the extent of protection mechanisms. More im-
portantly, second principal component (PC2) is strongly and positively associated with
variables describing the extent of protection mechanisms, and negatively but weakly re-
lated to the importance of information sources. The third principal component does not
demonstrate any clear pattern.

Before starting to characterize possible classification of spillover variables, and there-
fore, the interpretation of PC1 and PC2, it is interesting to consider the average values
for principal components for different industries (Table 2.15). Principal components (ex-
act values for new factor variables were obtained instead of the 18 initial measures of
spillovers) are calculated by multiplying the values of factor loadings on the standard-
ized values of initial variables. For example, if factor loading for PC1 is positive and
significantly above zero, and the value of the initial variable is also high for a specific
observation, the calculated first principal component (PC1) would also be high. The
mining industry has the lowest value for PC1 in the analysis. Because all 18 variables
have positive loadings on PC1 (are positively correlated with PC1), firms in the mining
industry had reported values for spillover measures very much below the mean values. I
conclude that for the mining industry, knowledge spillovers are of little importance, as
for wholesale, retail, transportation industries and other services. These observations are
also confirmed by the fact that average PC2 values for those industries are relatively close
to zero.

On the other hand, industries such as producers of different types of equipment,
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chemicals, machinery, furniture and IT have high values for PC1, meaning that for those
industries knowledge spillovers are important in general. However, there are important
differences between those industries in the values of PC2. For example, the medical
equipment industry, where PC1 was highest among all industries, does not have very high
PC2 value, and for the I'T industry average PC2 value is negative. Therefore, I consider
industries for which PC2 value is low industries which suffer from relatively high ex post
spillovers. Moreover, high value of PC1 is attributed to high ex ante knowledge spillovers.
The logic is the following. Consider a firm in an industry which demonstrates high PC1.
Considering positive and high loadings of all 18 spillover variables, the firm operates
in an environment characterized by sizable knowledge spillovers. PC2 has positive and
negative correlation with spillover measures, but negative correlation variables are smaller
in absolute value. If this firm demonstrates relatively low PC2 value, it means that
variables protecl — protec8 (protection mechanisms) are not so important to the firm as
variables infol — infol0 (information sources), therefore, knowledge spillovers are not
curbed by private or public protection measure, and ex post knowledge spillovers remain
high.

Principal component analysis allows me to extract ex ante and ex post spillover mea-
sures. In the analysis I associate high PC1 values with high ex ante knowledge spillovers
0, and low PC2 values with high ex post spillovers #". In addition, generated PC2 values
serve as a basis for dividing the sample in "high 6™" and "low 6"" subsamples, which are
used in model (2.4.2) estimation. The ability to differentiate between ex ante and ex post
spillovers is important. In the regression model (2.4.2) PC1 and PC2 variables were used
as the regressors, and these results were also compared with the model in which all 18
variables measuring knowledge spillovers are used instead of PC1 and PC2 variables.

The theoretical model concludes that when one wants to empirically demonstrate
the disincentivising effect of knowledge spillovers, proper measure of spillovers a firm is
facing has to be considered. The exogenous characteristic of the industry cannot be used
as such a measure. Rather, ex post spillovers should be used to estimate their effect on
the R&D expenditures. Ex post spillovers will depend on ex ante spillovers, accounting
for all the private protection measures used by the firms. For example, if a firm claims
that "releasing employees would result in the loss of knowledge" (ex ante spillovers are
high), but on the other hand it also claims that "we are paying enough to our employees
so that they do not leave the company, and we are not afraid of the knowledge loss", it

would mean that ex post spillovers are close to zero for that company, even though the
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market environment is such that ex ante spillovers are high.

In addition, the distinction between ex post and ex ante spillovers is in line with
Hinloopen (2000) idea of input and output spillovers. The idea is that input spillovers
are related to the knowledge sharing during the process of innovation and research, and
output spillovers characterize the extent of final research output appropriability. Similarly
to Hinloopen (2000), one can interpret the measure of "ex ante" spillovers as input
spillovers, which would not necessarily discourage innovations but rather facilitate R&D
cooperation. On the contrary, output (ex post) spillovers characterize final knowledge
appropriability and should have disincentivising effect on R&D.

The main predictions about the impact of ex ante spillovers and ex post spillovers
variables on R&D incentives and market fragmentation are summarized by hypotheses 1

and 2.

2.5.2.2 Other regressors: effectivity of investment and market size

The other regressor I control for is the theoretical model parameter §;, which measures the
effectiveness of R&D in raising product quality for firm ¢. As the proxy measure of effec-
tiveness of R&D expenditures I use the characteristics of different innovation constraints.
The examples of the constraints are: "Innovation costs are too high", "Organizational
problems", etc. The measure is given from 0 to 1 (0 if the constraint is not important,
and 1 if the constraint is important). Therefore, the higher the measure of constraint, the
lower effectiveness of R&D (6 is higher). I use weighted average of different constraints
as a measure of effectiveness of R&D.

One of the results in the endogenous market structure literature is that low values of §
(high effectivity of R&D expenditures) imply more concentrated market structure. This
happens because when 9§ is low, firms find it more attractive to deviate upward in their
R&D spendings and so the equilibrium level of R&D is higher and the number of active
firms is lower. However, introducing endogenous protection against spillovers can make
this negative relation between ¢ and R&D expenditures non-monotonic. For a higher 9,
R&D investment is less effective and therefore less attractive, and equilibrium sunk costs
decrease. However, theory predicts that with higher ¢ firms also find it more profitable
to protect against existing knowledge spillovers, which will make R&D investment more
attractive, irrespective of the increased value of §. I expect that the effect of 6 on R&D

expenditures will depend on whether 9 is high or low. To account for this non-linear
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relationship I include the squared value of § in the regressions (2.4.1)-(2.4.3).
An other regressor is market size variable S, calculated from turnover, share of the

main product in turnover, and the market share of the main product variables using the

turnover X share of main product in turnover
market share of main product

used in the regressions. Taking logarithm of market size variable helps me to obtain

following formula: S = . Logarithm of S variable is
coefficients which are easier to interpret, to ensure a better fit for the linear model, and

to tackle the problem of multiplicative measurement error.

2.5.3 Control variables

Variation in R&D expenditures in the sample can be driven not only by the market
size and spillovers, but also by different technological research opportunities arising for
each firm (Acemoglu and Linn, 2004). In addition to controlling for the differences in
effectiveness of R&D (different ¢;) several other controls were used: controls for the
industry'3, size of the firm (number of employees), and for the proportion of all employees
who have a university degree or other higher education'*, and a dummy variable defining
a firm located in East Germany. If variability in R&D across the set of firms is mostly
due to the differences in technological opportunities and not in the size of the market,
or the level of spillovers, this will be captured by the control variables described in this

subsection.

2.6 Empirical Results

2.6.1 Hypothesis 1: Market size and market fragmentation - ef-

fect of ex post spillovers

Table 2.1 below demonstrates the idea of decreasing lower bound of concentration with
the data. Average market size values (in millions of DM) are calculated for different
levels of C'1, market share of the largest company in the market. The table is constructed
separately for Type I (R&D intensity< 1%) and Type II (R&D intensity> 1%) markets.

If the largest firm in a specific market has a small market share (C'1 = 2.5%), which means

1322 industry dummies, based on the Statistical classification of economic activities in the European
Community (NACE)

MProportion of employees with high education is a categorical variable in the sample, and I introduce
9 dummy variables to capture all categories, with the base category being "0% of employees with higher
education"
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Table 2.1: C1 and Market Size

C1 Type I markets Type II markets
Mean market size Number of obs | Mean market size Number of obs
2.5% 416.81 67 608.15 35
7.5% 292.85 23 338.81 32
12.5% 170.93 25 406.45 22
17.5% 740.79 13 774.95 16
25% 142.82 29 371.55 28
40% 77.13 28 203.23 41
65.5% 41.07 18 189.87 26
87.5% 20.03 30 40.55 27
Total 241.23 223 344.65 227

NOTE: the table represents one-firm concentration ratio C1 only for those firms which have
reported their market share and identified themselves as the largest firm in the market.
Therefore, the dataset misses C1 values for those markets where the firms which participated
in the questionnaire have not reported themselves as the largest firms in the market

that the market is very fragmented, the market size is likely to be very large (first row of
the table). As the market share of the largest firm in the market increases, the market
becomes more concentrated, the average market size gradually decreases'®. Indeed, the
most concentrated markets are also the smallest on average (the last row of the table).
More importantly, the average market size is always higher for Type II markets. This
observation is consistent with claim that lower bound on concentration for endogenous
sunk cost market (Type II) is higher, or that it does not collapse to zero as market size
increases.

The structure of data (C'1 is reported only at intervals, and only by the selected
subset of firms which consider themselves to be the largest firms in the market), does not
allow me to draw or estimate the concentration lower bound, as in Ellickson (2007) or
Robinson and Chiang (1996). To use formal regression analysis, I turn my attention to
other measure of market structure - categorical variable for the number of firms competing
in the market. Despite the fact that this variable is also measured in the intervals in the
database, unlike C1 it is reported for all firms in the sample, without regards to their
size and relative market share.

In order to test Hypothesis 1, empirical model (2.4.1) is estimated separately for 4
different subsets of firms: Type I with low ex post spillovers 8", Type I with high ex post
spillovers 6", Type 1I with low ex post spillovers ", Type II with high ex post spillovers

15The average market size for C1 = 17.5% does not follow that pattern. First of all, that could be
influenced by the fact that there are some significant outliers for market size in the sample for C1 = 17.5%.
However, C1 = 17.5% level of concentration also has a low number of observations compared to other
concentration levels. This could be due to the fact that for some reason firms with market share between
15 and 20% are underrepresented in the sample.
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Table 2.2: R&D and Marketing Expenditures and Market Fragmentation

Endogenous Market Fragmentation

Sunk Costs single firm 2-6 firms 7-16 firms more than 16 firms
Share of firms with zero 67% 43% 47% 56%

R&D spendings

Share of firms with zero 61% 24% 27% 37%

marketing spendings

Table 2.3: Descriptive statistics for the size of the market (in millions of DM per year)
for different market structures

Market Market Fragmentation

Size single firm 2-6 firms 7-16 firms more than 16 firms
Mean 109.7 312.1 1139.7 886.7
Median 25.4 44.1 84.1 65.7

Max 1 307.9 10 454.7 182 921.2 76 652.6

Min 0.48 0.12 0.77 0.17

St.dev. 226.5 1029.3 11940 5975.7

N 24 746 235 179

0". According to Hypothesis 1, for Type I markets, as S increases, the probability that
markets have 7 — 15 firms rather than have 2 — 6 should increase'®. Before I start with
empirical model, consider the characteristics of firms which operate in the markets with
different level of fragmentation (Table 2.2).

43% of firms operating in the markets with a small number of firms (2-6 firms), do
not spend anything on R&D (24% of firms in this subsample do not spend anything
on marketing). However, if I consider more fragmented markets, 47% and 56% spend
nothing on R&D (27% and 37% of firms which do not spend anything on marketing).
Consistent with the endogenous sunk costs theory, markets with low endogenous sunk
costs (marketing and R&D expenditures) have experienced more entry into the market,
and as a result those markets are more fragmented.

However, this relationship between R&D expenditures and market fragmentation
could be also driven only by the size of the market. It could be that markets with many
firms are substantially smaller, and therefore, there is no need for significant spending
on R&D and marketing. In the Table 2.3 I describe the market size for different market
structures.

From Table 2.3 it is clear that markets with a larger number of firms are in fact larger,
which is illustrated by both mean and median. Therefore, low spending on R&D and

marketing in fragmented markets cannot be driven by the fact that those markets are

16 Also, the probability that markets have more than 15 firms rather than 2 — 6 should increase
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Table 2.4: Descriptive

statistics for Type I and Type II markets

Type 1 markets Type 2 markets
R&D intensity<1% R&D intensity>1%
mean std mean std
Share of markets with:
1 firm 0.04 0.20 0.03 0.17
2-6 firms 0.55 0.50 0.57 0.49
7-15 firms 0.20 0.40 0.20 0.40
Firm size and other characteristics
Number of employees 91.78 397.49 280.80 2036.48
Sales 29.45 131.09 107.33 940.85
Sales per employee 288.68 196.37 288.41 178.86
Export share 0.10 0.21 0.21 0.27
Geographical reach 0.90 0.83 1.18 0.79
Endogenous Sunk Costs
R&D expenditures 0.08 0.72 7.50 84.44
R&D expenditures per employee 0.34 0.95 24.70 31.63
Marketing expenditures 0.38 2.35 3.02 66.82
Marketing expenditures per employee 2.83 8.43 5.71 11.42
Market Size
Market size 388.40 1385.47 634.42 5491.48
Market size per employee 3898.92 5494.96 2795.16 4034.16
Observations | 1284 | 1537 |

NOTE: Market Size, Sales and Expenditure variables are in millions of DM (Deutsche Mark), and
all per employee variables are in thousands of DM

smaller.

Returning to Table 2.2, if spending on R&D and marketing prevents entry of competi-
tors, then markets with single operating firm should be spending most on the endogenous
sunk costs. However, in the subset of markets with a single operating firm 67% of firms
do not spend anything on R&D and 61% of firms do not spend anything on marketing.
This fact seems to contradict endogenous sunk costs model results, according to which
markets with highest concentration should be characterized by a high level of endogenous
sunk costs (R&D and marketing expenditures). However, in the sample, markets with
single firm are much smaller compared to other market structures (Table 2.3, compare
mean, median, maximum). Thus, it is quite likely that monopolists in the markets do
not spend much on R&D (and marketing) because the size of the market is not large
enough, and there is no space for an entrant, even if the incumbent has zero endogenous

sunk costs.

Now, I turn to the formal regression analysis of model (2.4.1). Regressions were run
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separately for the subsample with low and high R&D intensity (RDI<1% and RDI>1%),
and low and high ex post spillovers 6. I consider the subsample with RDI<1% firms
participating in the markets with exogenous sunk costs (Type I), and RDI>1% I consider
as firms with endogenous sunk costs (Type II)'7.

Log of market size S, measure of effectiveness of R&D (), number of workers, dummy
variables for the share of workers with higher education and industry dummies are in-
cluded in vector X; as explanatory variables. Table 2.6 presents the estimation results
of ordered logit regression. Consider columns (1) and (2) in Table 2.6. Coefficients for
log of market size variable S are positive and significant. This means that increase in the
market size increases the fragmentation of the Type I (exogenous sunk costs markets).
Importantly, in an exogenous sunk costs market with high ex post spillovers (column (2))
I observe that market size has even stronger positive effect on market fragmentation. On
the contrary, columns (3) and (4) show that for Type II markets (with low and high ex
post spillovers) increase in the market size does not have a significant effect on the market

fragmentation. Both of these results are consistent with Hypothesis 1.

2.6.2 Hypothesis 2: R&D incentives and knowledge spillovers

In the empirical analysis I focus on R&D expenditures as the leading example of the
endogenous sunk costs. However, I do the robustness check using marketing expenditures
as the other example of endogenous sunk costs, which enables me to draw more general
conclusions about endogenous sunk costs and market structure relationship.

Tables 2.7-2.8 show the result of model (2.4.2) estimation. Table 2.9 also presents
estimation results of model (2.4.2) with marketing expenditures as the dependent variable.
Log of market size S, measure of effectiveness of R&D ¢, different measures of knowledge
spillovers # and 0", number of employees, dummies for the share of employees with higher
education and industry dummies are included in vector X5 as explanatory variables.

In Tobit regression model log of R&D expenditures were used as a dependent vari-

able!8. Because log transformation of R&D expenditures data was to some extent arbi-

17Sutton (1991) uses a similar approach, defining the industries as exogenous or endogenous sunk costs
based on the level of spending by firms on advertisement, and also uses a threshold of 1%.

8More than 40% of observations have reported zero spending on R&D. This represents a case of data
censoring, and Tobit regression was used to solve the problem of sample selection. To use the Tobit
model, data on log R&D expenditures has to be normally distributed. However, in addition to being
censored at 0, R&D expenditure data is significantly right-skewed (a test for normality rejects that
R&D expenditure variable is normally distributed, but it cannot reject that R&D expenditures are log
normally distributed). In general, this problem is solved by using the Tobit model on log of expenditure
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trary (observations with zero R&D expenditures .were substituted with minimum value
of R&D expenditures close to zero in the dataset), and a Poisson model to check the

robustness of the Tobit estimation (Santos Silva and Tenreyro, 2011) was also used.

Estimates for the Tobit model are presented in tables 2.7 and 2.8, using different ex
post spillover measures. Column (1) does not include any spillover measures in model
(2.4.2), columns (2) and (3) include spillover measures PC1 and PC2, and columns (4) in
tables 2.7 and 2.8 use all original variables (importance of different information sources
and protection measures, described in Table 2.12) which are associated with knowledge

spillovers and which were used in principal component analysis.

As discussed in subsection 2.3, there could be a two-way relationship in R&D and
market size S variable; that is, the market size variable is endogenous. One way this
impact can be realized is through firm excess to the foreign market: only after spending
a sufficient amount on R&D it might be possible to start exporting a product, and in
this case market size is determined by R&D expenditures. In order to control for this
effect, empirical model (2.4.2) was estimated for the sample of firms which operate in the

German market only.

In table 2.7 coefficients for the market size S are positive, significant, but different in
specifications (1) as compared to (2-4): 1%. increase in market size leads to about 0.46%
increase of R&D spending on average, holding other variables constant, if no spillover
measures are included in the regression; and 1%. increase in market size leads to about

0.3% increase of R&D spending on average if spillover measures are included.

In tables 2.7 and 2.8 the values of coefficients for the log of market size, In(S), in
columns (4) are similar to those in columns (2) and (3), but different from the coeffi-
cients in columns (1), where no spillover variables were included. This suggests a prob-
lem of multicollinearity (strong correlation between market size and spillover variables).
Indeed, in the regressions in tables 2.7 and 2.8, where all original spillover measures are
included instead of principal components (last columns), not all coefficients for spillover-
related variables are significantly different from zero, however, most of the coefficients
are positive (see Table 2.10). For example, information from inside the company (group
of companies), infol, is the most important determinant of R&D expenditures among

all spillover variables, and the effect of infol is consistent across specifications in tables

data. However, with the Tobit regression model, the censoring threshold would no longer be zero. Lower
threshold option becomes 11(in(y)), where the threshold in(y) equals (or is lower) to the logarithm of the
minimum uncensored value of R&D expenditures.
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2.7 and 2.8. Similarly, knowledge protection using patents, protectl, is positively related
to R&D spending, and this effect is consistent across specifications. I conclude that
coefficients for the sources of information (infol — infol0) and for the importance of
protection measures (protectl — protect8) are jointly significant in the regressions (4) in
tables 2.7 and 2.8. However, because of high correlation between those variables (Table
2.13) it is not possible to determine and compare the effect of each variable separately.
Thus, I turn to the regression analysis with principal components (columns (2) and (3)).
I use two first principal components in the regressions, which allows me to determine the
effect of ex ante and ex post knowledge spillovers, as described in subsection 2.5.2.

If PC1 is used as the measure of ex ante spillovers 6 in the regression, I observe a
positive and significant effect of knowledge spillover on R&D investment. These results
simply confirm the empirically observed fact that R&D-intensive industries are also likely
to experience high knowledge spillovers. According to Hypothesis 2, ex post knowledge
spillovers " have a disincentivising effect on R&D incentives. This result is confirmed for
the sample of all firms, but not confirmed for non-exporting firms subsample (Table 2.8),
where the coefficient for PC2 is not significantly different from zero. Column (3) of table
2.7 shows that increase in PC'2, which is associated with decrease ex post spillovers, has
positive effect on R&D incentives. In other words, if PC?2 increases'® R&D expenditures
also increase. This confirms the prediction about the disincentivising effect of ex post
knowledge spillovers. Results are similar if marketing expenditures are used instead of

R&D expenditures as a dependent variable.

2.6.3 Hypothesis 3: protection against spillovers

Subsection 2.3 describes predictions about the effect of ex ante spillover 6, effectivity
of R&D (0) on the costly protection measures undertaken. Regression results are pre-
sented in Table 2.11. Model (2.4.3) is estimated using probit (for binary outcomes) and
ordered logit (for count data) regression, and vector X3 includes log of market size S,
0 and 6, number of employees, share of employees with higher education and industry
dummies. Results demonstrate that if R&D investment is less effective in raising quality
(0 is higher), the probability of using private protection measures increases. The same

is true for higher ex ante spillover #: as PC'1 increases, a firm is more likely to seek

9This means that success of protection is higher (represented by variables protectl — protect8), ex
ante spillovers are lower (represented by variables infol — infol0) and as a result ex post spillovers
decrease.
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protection from spillovers. The effect of market size is not significantly different from
zero. Coefficient values are similar for regressions where dependent variable protect ac-
counts for all protection measures, formal measures or for private protection measures
only (columns 9-11). However, I am interested mainly in ex ante spillover effects on the
incentives to use various protection measures. Therefore, predictions about the effect
of ex ante knowledge and the effectiveness of R&D investment on the incentives to use

protection measures (private and public) are confirmed by the estimates of model (2.4.3).

2.7 Conclusion

This Chapter investigates how incentives to invest in R&D, which are modeled as en-
dogenous sunk costs, respond to knowledge spillovers in the market and market size. 1
model knowledge spillovers as contribution of other firms 7 # ¢ in the market to the per-
ceived quality of product ¢. This contribution might stem from such channels as reverse-
engineering, labor force flows among firms, strategic alliances between firms, knowledge
dispersion to competitors through "vertical channel" (supplier-client), etc. The results
indicate that "ex post" knowledge spillovers have a negative and significant effect on
R&D investment level, which provides evidence of the disincentivising effect of spillovers.
In addition, "ex ante" spillover variables demonstrate a positive relationship with R&D
expenditures. These results simply confirm the widely observed empirical fact that R&D-
intensive industries are also likely to experience high knowledge spillovers.

In this paper I model R&D investment as endogenous sunk costs, as opposed to other
alternatives, such as contestable inventions models, or models of cooperation in R&D
and consortia. The endogenous sunk costs model implies a so-called non-fragmented
equilibrium: the expansion of the market size beyond a certain threshold does not result
in a larger number of firms, and so there is a limit on the entry of new firms, and
consequently on the lower bound of market concentration. The dataset allows me to
test whether the number of firms in the markets with large R&D expenditures are not
responsive to market size increase (Hypothesis 1).

I confirm that in the markets where R&D expenditures are important, as market
size increases, the probability that the market will become more fragmented does not

increase. This result is consistent with the disincentivising effect of high ex post knowledge
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spillovers.

Empirical evidence on markets with low R&D expenditures is also consistent with
endogenous sunk costs theory. In those markets, as market size increases, the probability
that the market will be more fragmented also increases. I conclude that modeling R&D
expenditures as endogenous sunk costs is consistent with empirical evidence.

This paper also shows that one should interpret empirical models which estimate the
effects of knowledge spillovers on R&D incentives with great caution. Positive (or neg-
ative) effect does not necessarily demonstrate that the absorption (or disincentivising)
effect is dominant. A researcher must ensure that empirical evidence on the effect of
spillovers on R&D incentives is correctly interpreted. For example, in many markets with
high R&D expenditures it could be that releasing employees would result in the loss of
knowledge. One might interpret this as sign high spillovers, and conclude that R&D
expenditures and spillovers are positively related. But such an interpretation fails to ac-
count for the fact that firms are also paying enough to their employees so that they do not
leave the company. Further, it would mean that knowledge spillovers researcher should
consider are low. This example illustrates the necessity to understand what observed
knowledge spillovers measure, and how these variables are relevant to testing theory on

the spillover-R&D incentives relationship.
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2.A Appendix 2

2.A.1 Descriptive statistics
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2.A.2 Regression results
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Table 2.10: R&D Expenditures and Knowledge Spillovers (full spillover measures list)

(1) (2)

All firms Domestic firms

In(S) 0.2928** 0.2617**
[0.041] [0.069]

1) 0.2858* 0.4875*
[0.127] [0.203]

52 0.0584 -0.0146
[0.174] [0.266]

Number of workers | 0.0012** 0.0016*
[0.000] [0.001]

infol 0.4467** 0.6477**
[0.085] [0.131]

info2 -0.2137* -0.2759*
[0.084] [0.133]

info3 -0.0618 -0.1812
[0.083] [0.143]

info4 -0.012 -0.038
[0.088] [0.155]

infob 0.2996** 0.1921
[0.106] [0.186]

info6 0.0299 -0.0153
[0.102] [0.188]

info7 0.1494 0.2771
[0.109] [0.208]

info8 0.1006 0.1093
[0.099] [0.159]

info9 -0.0615 0.0847
[0.105] [0.165]

infol0 -0.1078 0.0059
[0.103] [0.173]

protect1 0.1607* 0.1547
[0.072] [0.173]

protect2 0.0017 0.3514+
[0.078] [0.187]

protect3 0.1146 0.0562
[0.163] [0.504]

protect4 -0.0275 -0.156
[0.074] [0.159]

protectd -0.1477 -0.2312
[0.118] [0.306]

protect6 0.1105+ 0.0501
[0.065] [0.120]

protect? -0.0243 0.0796
[0.067] [0.141]

protect8 0.0973 -0.015
[0.064] [0.113]

Observations | 442 176

Standard errors in brackets
-+ significant at 10%; * significant at 5%; ** significant at 1%
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Table 2.12: Description of variables used for PCA

Variable Name Description

Information sources
(infol —infol0)

mfol Importance of information sources from inside the firm or within
the group of companies or related companies: 0=not important at a
1=slight importance to 3=great importance

. fo2 ...suppliers...

mnfo3 ...customers...

i fod ...competitors...

i fob ...consultancy...

i fob ...universities...

mnfo7 ...non-profit research institutions...
in fo8 ...trade fairs...

i fo9 ...specialists literature...

mn fol0 ...professional assistance...

Effectivity of different types of
protective mechanisms

(ef fectl —ef fect8)

protectl Success of patent protection: 1=low, 2=moderate, 3=high,
0 if no patent protection was used

protect2 ...registered design...

protect3 ...industry design...

protectd ...trademark...

protectb ...copyright...

protect6 ...secrecy...

protect7 ...complex design...

protect8 ...head start...
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Table 2.14: Principal Component Analysis - Factor Loadings

Variable | First Principal Second Principal Third Principal
Component Component, Component
infol 0.31 -0.10 0.11
info2 0.27 -0.19 0.25
info3 0.31 -0.12 0.10
info4 0.29 -0.18 0.17
infob 0.22 -0.16 -0.08
info6 0.27 -0.06 -0.35
info7 0.24 -0.08 -0.38
info8 0.30 -0.15 0.12
info9 0.29 -0.19 0.08
infol0 0.22 -0.24 0.13
protectl 0.20 0.31 -0.04
protect2 0.17 0.33 0.21
protect3 0.09 0.37 0.38
protect4 0.16 0.30 0.15
protectd 0.12 0.34 0.29
protect6 0.22 0.26 -0.35
protect? 0.16 0.26 -0.28
protect8 0.23 0.26 -0.29
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Table 2.15: Principal component values by industry

Principal components
mean values by industry

pcl  pc2 pc3
Mining -1.71 -0.00 -0.08
Food, tobacco -0.07 0.11 0.33
Textiles -0.15  0.12 -0.15
Wood, paper -0.19 -0.24 0.39
Chemicals 1.50 0.27 -0.51
Plastics 0.30 0.31 0.31
Glass 0.13  0.00 -0.09
Metals -0.01  0.07 0.04
Machinery 0.96 0.59 -0.02
Electrical equipment 1.32  0.22 -0.04
Medical equipment 1.71  0.37 -0.54
Transport equipment 1.07  0.42 -0.23
Furniture 0.77  0.67 0.80
Wholesale -1.22 -0.17 0.28
Retail, automobile -1.56 -0.14 0.28
Transport, communication -1.35 -0.15 0.10
Banking, insurance -0.09 -0.76 0.34
IT 0.66 -0.17 -0.04
Technical services 0.19 -0.11 -0.50
Firm-related services -0.29 -0.15 -0.04
Other services -1.24 -0.22 0.03
Real estate -1.48 -0.18 0.15
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Chapter 3

Delegation and Performance!

3.1 Introduction

In the field of organizational theory, the choice between vertical and horizontal organi-
zational structures is often considered a crucial one for firms’ performance. This choice
includes an important trade-off. More horizontal, less vertically integrated organizations
prove to be more effective in using "soft" information, compared to more hierarchical
organizations. I refer to "soft" information as, to a large extent, non-verifiable and non-
transferable to the higher levels of the hierarchy, but the use of this information can
increase the effectiveness of decisions taken. For example, if an organization has offices
across a wide geographical area, it has to be able to adjust to changing local conditions,
to compete successfully and to preserve its regional market shares. In this case, making
the organization more horizontal by giving more decision power to the local offices seems
to be a reasonable response to fast changing local conditions, which may not be fully
observed by headquarters?. On the downside, more horizontal organizational structures
have higher agency costs: incentives of the local managers rarely coincide with the incen-
tives of the owners. With more authority delegated to the lower levels of the hierarchy,
costs and scope of monitoring local offices become higher, and it becomes more difficult

to coordinate and implement company-wide policies.

!'This Chapter has been previously published in CERGE-EI working paper series:
Senyuta, Olena. 2013. Delegation and performance. Economics Institute, Academy of
Sciences of the Czech Republic, WP497

2 refer to the lowest level of the organizational hierarchy as local managers, and I refer to the highest
level of hierarchy as headquarters, top managers, organization decision-makers or owners.
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The problem of authority delegation in organizations has attracted substantial atten-
tion from a theoretical perspective, but empirically the importance of delegation remains
unestablished. Empirical results suggest that the optimal choice of organizational struc-
ture should be considered in the context of a specific industry and market. The problem
is the very broad definition of "soft" information, and the fact that organizations operat-
ing in different environments can depend on "soft" information to very different extents.
Therefore, the benefits of a more horizontal organizational structure could differ substan-
tially across markets. Moreover, the monitoring costs of more horizontal organization
may also vary across markets. It is not surprising that different businesses and organi-
zations try to establish their own optimal organizational structure. In such structures,
the level of authority delegation could differ substantially across organizations, and also
for a single organization over time, as a natural response to changes in the business
environment. Therefore, it is important to note that studying the relationship of the
organizational structure and performance is limited in many cases to a specific market
or industry or even sometimes to the specific organization studied (if that organization

represents an exceptional example of organizational structure for an industry).

This paper presents new empirical evidence on the relationship between organizational
structure and performance, using the banking industry as an example. Since the 1990s,
the banking sector has gone through important changes related to its competitive environ-
ment, which have resulted in substantial consolidation in the sector. Thus, large banking
institutions have been created with multilevel hierarchical structures, where several man-
agerial layers separate the decision-making agents from the agents who implement those
decisions. Advances in informational technologies have played an important role in this
consolidation. As information transfer has become cheaper, the costs of having more hier-
archical (vertical) organizational structures have also decreased: banks have introduced
standardized loan products and have developed the credit-scoring borrower evaluation
tool, etc. Changes in market regulation policies have also contributed to the consoli-
dation taking place in the industry (a single-market policy in the European Union, the
Riegle-Neal Act in USA, which allows interstate bank mergers). Several studies confirm
that decision making in the banking sector has become more centralized, the delegation
of control (in lending decisions) has decreased, and the agency costs of vertical distance
have also decreased (Berger and DeYoung, 2006). The current trend in the industry is
to transfer all decisions on loans to the head offices. This represents the highest level of

hierarchy possible in the industry.
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While several studies exist which demonstrate that delegation can be used to influ-
ence incentives inside an organization, not many empirical studies have investigated how
the level of authority delegation influences organizational performance. This paper will
address the question whether delegating more authority to the lower levels of a bank
hierarchy (local bank offices) leads to an improvement or worsening of performance, both
in quantitative and qualitative measures. A simple comparison of the outcome variables
(performance) for the local offices with different levels of authority delegated to them
might be misleading. The reason is the decision to delegate authority is not randomly
distributed among local offices, but is endogenously determined and adjusted by head-
quarters, based on (possibly unobservable to the researcher) characteristics of the local
market (competitive pressure, distribution of market shares, market growth perspectives)
and the local branch (experience, monitoring costs, ability of the local office to adapt to
local conditions)®. Therefore, it is important to account for possible endogeneity of the
delegation decisions while estimating the effects of authority delegation on organizational
performance.

An important reason why the level of authority delegation in the banking sector might
play a crucial role is that in banking, information collected by the local offices is very
important for the evaluation of loan applications, which is especially true for small and
medium enterprises (Berger and Udell, 2002). Moreover, this information is, to a large
extent, "soft" and cannot be costlessly transmitted to the highest levels of a hierarchy.
In addition, the banking sector is characterized by strong competition, and local expert
knowledge can increase the effectiveness of decision-making. Therefore, this study aims
to describe how the level of authority delegation in the banking sector is related to the
results of bank activities. This paper also contributes to the literature on relationship
banking?. More precisely, I provide empirical evidence that the level of lending to an
SME significantly depends on the level of authority delegated to the local bank branches.
To the extent that the local branch with more authority in lending is more likely to
invest in its relationship banking and develop closer relationships with local clients, this
paper demonstrates that more authority delegated to the local branch might increase the
importance of relationship banking.

The rest of the paper is organized as follows. Section 3.2 reviews theoretical and

empirical literature on the effects of authority delegation in the organization. Section 3.3

3T refer to those characteristics as a business environment.
4For a review, see for example, Boot (2000) and Boot and Thakor (2000).

89



describes the empirical model specification, characterizes the dataset, and discusses the
estimation results. Section 3.4 concludes by discussing how the estimation results could

be related to the theories of optimal organizational structure choices.

3.2 Literature Review

Authority delegation has been proven to be an important instrument of shaping manage-
rial incentives. Mookherjee (2006) presents an extensive overview of the literature related
to the incentive benefits of delegation. The author concludes that assuming information
communication is costly, an upper bound on the size of the message to be communicated
exists, and decentralized decision-making can access much more information compared
to centralized decision-making. In other words, if communication costs are introduced,
delegation is more successful in utilizing "local" information. Aghion and Tirole (1997)
build a model where they differentiate between formal authority (the formal right of top
managers to make decisions) and real authority (the real control of local managers over
decisions due to better information and knowledge of alternatives). The model demon-
strates that delegating formal authority to subordinates would be beneficial because it
increases their effort and initiative in collecting more information about alternatives, and
and subordinates benefit by empowerment and remuneration for their relationship-specific
investments. An illustration: local loan managers can exert an effort and obtain "soft"
information about borrower — this will help to estimate loan risks more precisely. How-
ever, this soft information cannot be transferred to the higher levels the decision-making
hierarchy because of its nature®. Also, the loan managers’ investments in soft information
production are not observed by other parties. As long as top-management would not use
this information in their decision making, loan managers do not have incentives to gen-
erate soft information. Delegating can help to shape the managers’ incentives such that
they produce loans of higher quality using soft information and exert additional effort to
obtain it.

Similarly to this study, Stein (2002) motivates his theoretical model of authority del-
egation to local managers using the example of the banking sector. The author draws

attention to the concentration trend in the industry and associates it with a decline in

®Aghion and Tirole (1997) make clear the distinction between hard information, which can be rela-
tively costlessly communicated and verified, and soft information, which to a large extent represents a
pure suggestion.
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the lending to small businesses by larger banks. The model assumes that local managers
have the research advantage for "soft" information about projects; therefore, smaller
organizations, which have fewer subordination levels, are more efficient in providing ser-
vices which are sensitive to "soft" information. Also, holding the size of the organization
fixed and changing such characteristics of the environment as the "softness" of informa-
tion, Stein (2002) demonstrates that having a flatter® organization is more advantageous.
Moreover, the model shows that increasing the number of managerial layers between
decision-makers and local managers leads to an increase in the number of unnecessary
bureaucratic procedures, such as the effort spent on "soft" information documentation.

The assumption of costly communication is crucial for the theoretical conclusions
described above. In the literature, it is justified by several examples: limited ability
(Radner, 1993); coordination costs (Becker and Murphy, 1992); managers’ costs of com-
munication (overload); and the costs of learning (Aghion and Tirole, 1997; Garicano,
2000; Stein, 2002; Dewatripont and Tirole, 2005).

There is large empirical evidence for "soft" information usage in relationship to a
bank’s organizational structure. For example, Sapienza (2002) studies the effect of bank
mergers on the credit availability for small businesses. The paper finds that larger banks
decrease lending to small firms more than smaller banks. This provides evidence for the
relative efficiency of "soft" information usage in small, therefore, less hierarchical banks.
Carter and McNulty (2005) provide empirical evidence that small banks have the ad-
vantage in small business lending (have a higher net return) using data on the lending
activities of US banks from 1993-2001. Berger and Udell (2002) summarize earlier empir-
ical research on the effects of bank mergers on credit availability for small borrowers and
relationship lending practices. The authors conclude that empirical evidence exists that
shows a reduction in lending to small firms due to bank consolidations, but this lending
reduction might not be economically significant in some cases. Whether lending reduc-
tion is significant depends on external factors such as market conditions. The authors
hypothesize that in some cases, a reduction in relationship lending by larger banks will
be accompanied by an increase in relationship lending from other (smaller) banking in-
stitutions, and there would be no adverse effect of bank consolidation on loan availability
for small firms in the market.

In addition to the studies which implicitly consider larger banks less efficient in "soft"

information usage, and therefore conjecture that there should be less information-sensitive

6A "flatter" organizational structure has less hierarchical levels.
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lending by larger institutions, there are some studies which directly estimate "soft" infor-
mation usage in the lending decisions by banks. Berger et al. (2005) use firm-level data
from the National Survey of Small Business Finance and study the effects of a lending
institution’s organizational structure on the lending conditions for specific firms. They
find that (1) firms communicate with larger banks in a more impersonal way (do not
often meet in person but use mail); (2) firms that borrow from smaller banks also have
more exclusive and longer lasting relationships with their banking institution; and (3)
firms that borrow from larger banks are more credit constrained. Those findings are in
line with theoretical predictions that smaller banking institutions are more efficient in
providing services that require "soft" information.

Alessandrini et al. (2009) use data on SMEs surveyed by an Italian banking group. The
authors find that a larger "functional distance"” between local bank offices and the bank
headquarters decreases the credit availability for local firms. Liberti and Mian (2009) test
the Aghion and Tirole (1997) model’s predictions on the use of "soft" information in the
loan approval process, using the banking industry, and they use information on corporate
loan applications from a large multi-national bank in Argentina. They find that if a loan
is approved at the higher levels of the hierarchy, the size of the loan is more sensitive
to the "hard" information on the applicant and less sensitive to "soft" information, as
compared to loans approved at the lower levels of the hierarchy. Also, this decrease of
"soft" information importance is not observed in the data if the information collecting
officer is located in the same geographical area as the decision-making loan officer. These
results support the view that some part of non-verifiable information is lost as it is
communicated to the higher levels of a company’s formal hierarchy.

Interesting empirical results are provided in Canales and Nanda (2012), who find that
banks with more decentralized organizational structures issue larger loans to firms in
part relying on "soft" information compared to centralized banks. However, those de-
centralized banks also issue smaller loans in a more competitive environment compared
to centralized banks. In addition, decentralized banks issue loans to larger firms (there-
fore, with more "hard" information) in a more competitive environment. The authors
conclude that decentralized banks tend to cherry-pick their clients as a response to larger
competitive pressure.

As stated above, generating soft information is a costly activity for agents, and agents

""Functional distance" is the distance between the local branch where information on the borrower
is collected, and the bank headquarters.
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need to be provided with enough incentives to exert this effort. If providing these incen-
tives is too costly for the principal, he may choose not to provide them, there may be more
decision centralization, and no soft information would be produced. Why the incentive
costs of authority delegation may become more or less important can be explained by
the changes in the firm’s business environment. Therefore, it would be natural to expect
that organizational structure (and the level of delegation) would evolve as a response to
the changes in the environment.

Theoretical predictions in this field are ambiguous. For example, Marin and Verdier
(2008) construct a general equilibrium model, in which the decision about organizational
structure is endogenous and is optimally determined by the firms. The model demon-
strates that intermediate levels of competition are associated with the highest levels of
authority delegation. Legros and Newman (2008) investigate how other aspects of the
business environment — market liquidity and productivity shocks — can influence the
choice of optimal organizational structure. The authors demonstrate that positive shocks
and the unequal distribution of liquidity will result in less control delegation.

In the banking sector, the centralization of loan decisions due to competitive pressure
can be explained by the accompanying growth in technical advances. If information
transmission becomes easier (through numerous intra-bank security enhanced networks),
the costs of centralization decrease sufficiently. There are not many empirical studies
which investigate how organizational structure evolves in response to the changes in the
business environment. This is mainly due to a lack of panel or cross sectional datasets
which would describe in detail the organizational structure of a company, and to the
complexity of this information and its privacy. However, some general conclusions were
made by Degryse and Ongena (2007) and Degryse et al. (2009). Studying extensive data
on the Belgian banking industry, they discover that tough price competition in the region
is usually combined with more hierarchical structures of competing banks.

The problem addressed in this paper is rather different. The choice of organizational
structure, which is the level of authority delegation to the local management level, is an
optimal decision of the bank, and it is based on the current and future characteristics of
the market environment and the market strategy chosen by the bank. In such conditions,
it is interesting to measure whether different levels of delegation would result in differ-
ences in performance. If yes, and if a more decentralized organizational structure (for
example) is associated with better performance, the natural question remaining is why

all firms do not choose to use a decentralized organizational structure. There is empirical
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evidence that the organizational form influences performance even when it is selected
optimally. Mullainathan and Scharfstein (2001) demonstrate that vertically integrated
producers make different investment decisions compared to non-integrated producers.
Krueger (1991) finds that employees in company-owned food chains experience a steeper
tenure-earnings profile than employees in franchised chains. Kosova et al. (2013) provide
a performance comparison between franchised and company-owned hotels, and find that
there are significant differences in performance measures (revenue per room, price, oc-
cupancy rate, etc.) between the two structures, but those differences are not significant

after the authors endogenize the choice of organizational form.

3.3 Econometric Model

I use the performance of a bank’s local branches as the response variable, while the level
of authority delegated is the main explanatory variable of interest. I use the heterogeneity
in the branches’ authority and changes in market conditions for regions to estimate the
impact of the authority delegation level on the decision-making process in branches.
Branch performance is a function of the level of delegation, controlling for the factors
which I describe as market environment variables. The model in the panel setting is as
follows:

Yie = a1 + b1 Dy + Bo Xy + v My + ui + €t (3.3.1)

where ¢ is the index for branch; ¢ is the time period (month); Y}, is quantitative and
qualitative data on branch performance; D, is the level of delegated authority for the
branch; Xj;; is the vector of controls at the regional level; M, is the vector of unobserved
local market and branch conditions in the region at a given time, and possibly correlated
with other explanatory variables; u; is the fixed effect for the region; and ¢; is the error
term.

The level of delegated authority for a branch is clearly an endogenous variable in
my model. It can be illustrated by the following example. When headquarters makes a
decision about the level of authority delegated to each branch, they consider X;; (observed
regional characteristics) and M;; (local market and branch conditions unobserved by the
econometrician). As a result of estimation (3.3.1) without being able to include M;; in
the regression, I obtain u; = yM; + €;; in the error term. By the decision process of

headquarters, M;, and D;; are correlated, which means that u;; and D;; are correlated in
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(3.3.2), and estimates b; in the regression

Yii=a1+ 01Dy + bo Xy + ui + i (3.3.2)

will be a biased estimate of f; from (3.3.1).

To obtain consistent estimates of [y, I use the instrumental variable vector Z;. Such
instruments should be important factors in determining the variation in authority that
I observe for different branches, but should not have a direct effect on branches’ perfor-
mance. As the excluded instruments Z;;, I use the distance of a regional branch from its
headquarters and the number of months the bank was present in the region (duration).
I assume that this distance is a proxy for monitoring costs and positively influences the
decision to delegate authority, and duration is a measure of how experienced management
is with the local market and how much headquarters knows about the local market so
that they can delegate more authority to the local level. For Z;; to be a valid instrument,
I need the distance and duration to be uncorrelated with the performance of branch
Y;;. This assumption is valid in cases where the local market conditions, local managers’
experience, and performance (which determines the outcome variable) are distributed
randomly across the country and are not related to the branches’ location with respect to
headquarters or to how long the bank has been present in the local market. I use the IV
estimation to estimate the model with distance and duration as excluded instruments®.

Thus, I exploit the heterogeneity in the branches’ authority and changes in market
and branch conditions to identify the impact of regional market characteristics on dele-
gation level for branches, and further, to estimate the effect of the authority delegated
on the performance characteristics. More precisely, [ am using an instrumental variable
regression: In the first stage, I am estimating the authority delegation decision, and in

the second stage, the impact of the authority delegated on the branches’ performance.

3.3.1 Data

To test the effect of the authority delegated on the performance variables, I combine three
monthly panel data sets, which cover 2004-2008:

(1) data on all loan contracts and loan performance, loans for small and medium enter-
prises (SMEs) and loans for private individuals (PIs) for all branches of one representative

bank in a European country. I refer to these as performance variables;

81 discuss the validity of instruments further in subsection 3.3.2.
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(2) for the same representative bank, monthly data on the level of lending authority
delegated to regional branches, separately for SME and PI loans, and other characteristics
of the branches. This level of authority is measured as the highest level of the loan size (I
refer to this level as "limit" in the text below), for which the branch can make independent
decisions without consulting with its headquarters (measured in EUR). The two data sets
described above are privately obtained data from a commercial bank which operates in
a European country, has a well-developed branch network, serves all types of clients and
businesses, and has the second biggest market share in that country;

(3) panel (monthly) data set of market characteristics for a particular region: economic
conditions and risks and the level of competition from other lending institutions. This
information is obtained from statistical agencies and the financial registry of the unnamed
country.

A detailed definition of the variables is provided in Table 3.1 in the Appendix, which
divides the variables into two groups: performance and explanatory variables. FEach
bank-related variable is obtained separately for both SME and PI loans. Further, I shall
discuss in more detail how the specific performance measures were generated and why
they were selected.

First, I divide the performance measures into two groups: quantitative and quali-
tative. Quantitative performance measures include (1) the number of loans (per office)
approved by the branch during a period of one month, and (2) the sum of loans (per office)
approved by the branch during a period of one month (in EUR). The two measures are
expressed in per office terms because each regional branch, which makes the decisions on
the loans based on their delegated limits, may have many regional offices, which collect
loan applications. Therefore, the branch with a larger office network will naturally have
the larger number and amount of loans originated in a specific month. To control for this
effect, I measure all quantitative variables in per office terms. Unfortunately, I do not
have a measure for specific office size. Therefore, I treat all offices as equal in size.

Qualitative performance measures include (1) the average days the loans approved
by a particular branch during a particular month (all offices of the branch) are overdue
after 6 months of being on the books, and (2) the percentage of loans that became
performing after having been recognized as non-performing during a period of 90 days,
and (3) the number of loans that are overdue more than 30 days out of those approved
by a particular branch during a particular month (all offices of the branch). In order

to generate these performance measures, I created a series of loan pools. The pools
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consisted of all loans (SME or PI) approved by a specific branch in a specific month.
Then, I followed each pool over time (for 3 months, 6 months, etc). After some loans
from this specific pool became non-performing, I have calculated the mean days overdue
and the quantity of non-performing loans for this pool of loans. This procedure allows
me to trace the performance of all loans which were generated in the specific month when
the regional branch was experiencing a high or low level of delegated authority.

Figure 3.1 below describes how selected variables vary over time. On the horizon-
tal axis is a time unit (month), and on the vertical are the average values (across the
branches) for the main outcome variables (quantitative): the number of generated loans
per month, total amount of loans approved per month, and the average limits across re-
gional branches. Again, all the values of outcome variables are calculated per one selling
point (office) because there could be more than one office (selling point) operating under

each regional branch authority.
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Figure 3.1: Quantitative Performance Measures and Branch Limits Over Time

From Figure 3.1 I infer the average limits increased over time. At the same time, I
observe that for the periods with higher limits, I have both a higher average number of
loans approved (per office) and a higher average amount approved (per office).

The next two figures describe a similar pattern for the qualitative data (loan perfor-

mance): the mean number of days the loans approved by the branch are overdue, the
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percentage of non-performing loans out of those approved by the branch, and the recov-
ery rate. The recovery rate measures what percentage of loans became performing after
they had been recognized as non-performing during some period of time (a ninety days’
recovery rate is considered here). The observation period is shorter here compared to the
quantitative measures because I have to observe the loans for a certain period of time

before I can make conclusions about their quality. From the two figures, I conclude that
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Figure 3.2: Mean Days Loans are Overdue and Branch Limits Over Time

an increasing trend exists in the average days the loans are overdue, and at the same
time, average limits also experience an increasing trend. Also, a trend to a decreasing
recovery rate is observed, and no clear conclusion can be drawn from the average values
of the share of non-performing loans.

With these primitive observations, I could conclude that a positive influence of del-
egated authority (limits) exists on quantitative performance — more loans are issued.
However, there is some evidence that increased authority leads to a worse quality in de-
cisions made — more non-performing loans, longer overdue periods, and lower recovery
rates.

Table 3.2 provides the unconditional mean comparison for the observations (for SME
loans only) with zero and positive limits. A comparison demonstrates that the level of

limits has an important effect on the performance characteristics. Such measures as the
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Figure 3.3: Share of Non-performing Loans and Recovery Rate

number of loans originated by the branch and the number of loans originated by the
branch per office, the total sum of loans, overdue measures, and non-performing loans
measures differ dramatically between the observations with zero and non-zero limits.
Interestingly, mean loan size and the recovery measure do not differ between the two
groups. This might be considered quite surprising because a branch with high limits is
expected to approve larger loans, and this should lead to an increase in the average loan

size.

However, such a comparison of means could be misleading because observations with
different limits are characterized not only by very different performance measures, but
also by very different explanatory variables. For example, observations with non-zero
limits have a higher amount of offices for each branch (1.5 versus 4.3), have twice as
high a number of competitors in the regional market, have twice as long a presence on
the regional market, and are located further from headquarters. Therefore, explanatory
variables are closely related to the level of branch limits. As those explanatory variables
could be also related to the performance measures, if I do not account for this associa-
tion, T would over-estimate the effect of limits on performance (a real effect would come
from exogenous explanatory variables like market characteristics, but I would incorrectly

attribute it to the effect of limits).
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The section below will check those predictions about the effect of limits more rigor-
ously. More importantly, I shall test how the level of delegated authority is related to the
results of bank activities, controlling for the endogeneity problem, and shall compare the
results of the instrumental variable estimation to the simple OLS and FE specifications.

I will then draw conclusion regarding the possible bias in the OLS and FE estimates.

3.3.2 Empirical Results
3.3.2.1 Regression Estimates (Quantitative)

Table 3.3 and 3.4 in the Appendix provide the estimates for the quantitative measures
(the number of loans and the total amount of loans per office) regressions, both for SME
and PT loans. Different specifications were used in the estimation: simple OLS (pooled
panel data), fixed effect, and IV specification.

Real Wage Index positively influences performance measures, sign and size of the
coefficient does not change in different specifications, which provides evidence that the
unobserved heterogeneity and omitted variables that possibly bias the estimates do not
correlate with economic conditions in the region. Therefore, those omitted variables are
bank-specific characteristics rather than the characteristics of the economic conditions in
the region. The results of PI regression are similar to that for SME with respect to the
index of the real wage coefficient.

The measure of competitive pressure, the Number of Competitors in the region, con-
siderably changes size and sign if | use a fixed-effect specification. This provides evidence
that there is a downward bias in the OLS regression if I do not control for unobserved
branch effects. Moreover, it is clear that unobserved fixed effects strongly and negatively
correlated with the number of competitors variable. Therefore, unobserved fixed effects
should be positively related to the outcome variable (quantitative performance) for the
bias in the OLS regression to be negative. Establishing that omitted fixed effects are
positively influencing performance and negatively related to the number of competitors,
it is possible to hypothesize what exactly those fixed, unobserved effects are. They could
be related to the market position of the respective bank. The higher the bank’s mar-
ket share, the better the bank is established in a particular region, and the higher loan
origination activity is (a quantitative measure). Also, the number of competitors would
be negatively related to the strength of the bank’s market share (the degree to which

the bank is recognized and established). Therefore, not accounting for the unobserved
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fixed effects brings a downward bias to the coefficient estimates. The results of the PI
regression are similar to the SME regression with respect to the number of competitors
coefficient.

For the Number of Offices variable, both linear and quadratic terms were included
in the regression to control for a possible non-linear relationship between the number of
offices and quantitative performance. Indeed, if only a linear term is included, the number
of offices has positive effect on the quantitative performance, but including the quadratic
term makes the coefficient for the linear term negative and positive for the quadratic
term. For example, for the SME? regression, such coefficients mean that the effect of
the number of offices on quantitative performance is described by a quadratic parabola
with its minimum at approximately 15. It reflects the fact that the origination of loans
is a non-linear technology, so that opening more offices does not necessarily equally bring
an additional number of loans. As the number of offices is low (below 15), opening one
more office brings fewer loans per office (and a lower amount of loans per office), but later
after more offices are opened (above 15), each additional office is associated with a higher
per-office quantitative performance. This provides evidence that the bank is working in
the region first to establish its clientéle and presence, but with a higher number of offices,
the bank can expect to increase its performance.

The Distance and Duration variables are not related to the performance in any of
the regressions. Those variables are present only in no-IV regression because I am using
them as the excluded instruments in the IV regressions. I discuss these results in more
detail in the subsection 3.3.3 in relation to the discussion of the instrumental variables
validity.

The Limits variable is the main variable of interest, and it is positively related to
quantitative performance in both SME and PI regressions. The economic effect is also
not negligible. For example, increasing limits on 1 EUR increases the amount of originated
loans per office per month by more than 1 EUR. Taking into account statistics from Table
3.2, regarding the average loan amount originated, this represents quite an important
effect of the limits on the quantitative measures. This result suggests that more authority
delegation to the regional branch improves quantitative performance.

As explained, branch limits are potentially an endogenous variable because the vari-

able is not chosen randomly by headquarters, but is based on the current and expected

9For the PI regression, results are very similar with the only difference being the minimum of the
parabola is at 12 offices.
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market conditions and strategies. After I have controlled for the endogeneity in the limits
variable, the coefficients for limits become higher (but not significant for FE IV specifi-
cation). Therefore, the bias in the limits variable is negative. In fact, the effect of the
limits on the quantitative measures is even more positive. This bias emerges from the
fact that some unobserved characteristics (for example, a strong bank position in the
market) positively influence the outcome variable, while limits are lower for observations
where market position is strong. This devaluates the effect of the limits on the outcome
variable because limits are high for those observations where the market position is weak,
and this artificially decreases the limits effect on performance.

Results regarding the limits variable are similar for PI and SME regressions. However,
it is important to note that the effect of limits is weaker for the SME regression (size
of the coefficient). The explanation is the following: Limits delegated to the regional
branches are much higher for SME loans because SME loans are also higher in their
amount compared to PI loans (Table 3.7). Therefore, the same 1,000 increase in SME

limits has a much lower effect compared to the same increase in limits for PI loans.

3.3.2.2 Regression Estimates (Qualitative)

Further, T analyze the effect of authority delegation on the quality of approved loans.
Tables 3.5 and 3.6 in the Appendix present the estimation results for qualitative measures
as the outcome variable (mean days overdue, recovery measure, and the number of loans
that are more than 30 days overdue).

The Index of Real Wage variable has noisier estimates in the quality regressions com-
pared to the previous subsection. Using both PI and SME estimates, I cannot say that
the real wage index positively or negatively influences qualitative performance. There
could be some evidence that the higher real wage index is associated with a higher prob-
ability of loan recovery from a non-performing stage, but this effect is only significant for
the SME regression, not for PI.

Number of Competitors is not significant for qualitative SME regressions, reflecting
the fact that competitive pressure is not important for the quality characteristics of SME
loans. Banks rather compete on the extensive margin (for customers), but not for better
customers. However, for PI loans, the number of competitors is negatively related to the
recovery rate and increases the number of loans which are more than 30 days overdue.

Thus, a more competitive environment decreases the quality of loans to PI.
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The Number of Branch Offices variable is also not significant for SME loans; there is
only limited evidence that the number of offices in the region is significantly influencing
quality of PI loans measures. Distance and Duration are not related to the performance
measures in any of the regressions.

The main predictor variable, Limits, is positively related to Mean Days Overdue mea-
sure. Increasing the limits by 1,000 increases mean days overdue by 0.11 for the OLS
SME regression (and by 0.26 for fixed effect regression). For the PI regression, the coef-
ficient is 0.23 days (same size for the FE regression). This effect of limits on the mean
overdue days is also economically significant because the average mean days overdue is
2.5 for branches with zero limits and 35 for the branches with positive limits (Table 3.2).

As OLS and FE specifications suggest, more authority leads to lower quality deci-
sions: an increase in the mean days loans are overdue. A comparison of the results of
IV estimates with non-instrumented regressions suggests that the endogeneity problem
influences the coefficient for the branch limits variable. The limits effect on the overdue
measure is not significant if I instrument the limits variable. For example, after observing
that market perspectives in a particular branch are deteriorating (due to economic condi-
tions, or competitors’ behavior), headquarters may decide to delegate more authority to
such a branch in order to use all local knowledge potential. Deteriorating market condi-
tions, then, lead to both: a worse qualitative performance and more authority delegated
to the region. As a result, if I neglect this endogeneity in the delegated authority, I will
obtain a negative relationship between performance and authority, which is, in reality,
not there. Therefore, it is important to control for the endogeneity of the limits variable.

Limits also have a positive effect on the number of loans that are Qverdue More Than
30 Days, out of those loans approved by a particular branch during a particular month
(in all offices of the branch). For example, if limits are increased by 1,000, the number of
loans that will be overdue more than 30 days increases from 0.008 to 0.011 (for different
specifications), and the coefficient is significant for both SME and PI regressions, but
correcting for the endogeneity in limits makes the value of the coefficient insignificant.

It is important to note that the effect of limits variable is weaker for the SME regression
(the size of the coefficient). This is explained by the fact that such limits are much higher
for SME loans (Table 3.7) because these loans also have on average a higher amount.
Therefore, the same 1,000 increase in limits for SME loans has a much lower effect
compared to PI loans.

Further, regression results demonstrate that limits have no significant effect on the

103



Recovery Rate variable. This and the evidence from the above regression discussions
illustrate the fact that limits influence quantitative measures in the first place as the level
of delegation is positively related to loan-generation activities. On the other hand, higher
limits might also lead to a deteriorated quality in the loan pool the branch originates.
Correcting for the endogeneity of the limits variable reveals that the quality measures are
no longer affected by the limits. Therefore, the regression provides only weak evidence
that higher limits lead to a accumulation of loans with a higher default potential in the
pool of all originated loans.

The results could be interpreted in the following way. I demonstrated that there is
positive effect from the level of delegated authority on quantitative performance mea-
sures. Also, evidence is weak for a negative effect from the level of delegation on the
quality of originated loans. The bank was not constrained in its delegation decisions
but made rather optimal choices in its organizational structure. Therefore, the question
stated at the beginning of this study remains: if more delegation positively influences per-
formance, why does the bank not choose the optimal level of delegation, which would lead
to a best outcome? This paper suggests that there might be a trade-off between quan-
titative and qualitative performance characteristics. While the bank is able to increase
its loan generation with higher limits, there is also some (weak) evidence of loan quality
deterioration. Therefore, the bank would optimally change the level of delegation to its
regional branches in order to find the balance between the two effects. A more aggressive
(market share expansion) market strategy could be associated with the bank providing
higher limits to local branches, and the loss-avoidance strategy could be associated with

more centralized decision making (lower limits to the local branches).

3.3.3 Instruments Validity

The first stage regression estimates for SME loans are provided in the Appendix, Table
3.8 (panel 1 for SME loans). These results confirm that the authority delegated (the
level of limits) to the branch for SME loans is strongly positively related to the duration
variable (how long the bank was present in the particular market), but the effect of
distance from the branch to headquarters is positive and not significant. In fact, being
present in the market for one more month increases the level of limits the branch receives
by approximately 1,200 — 1,500 EUR for SME loans and 500 — 600 EUR for PI loans.

The first-stage regression accounts for approximately 40% of the variation in limits for
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SME loans (but much less for PI loans). The F-test of excluded instruments also confirms
that they are strongly related to the limits variable (they are not weak instruments).

In addition to this, a valid instrument must not be correlated with the outcome
variable in my model. For pooled OLS specification, Hansen J statistics (J-stat=0.0427,
p-value=0.8362) confirm that the excluded instruments are orthogonal to the error term
in the regression of main interest and are correctly excluded from the main regression.

In the FE IV specification, I use only one excluded instrument (duration) because
the distance variable is time-invariant and becomes part of the unobserved fixed effects
in the FE IV specification. In such a situation, I cannot check for instrument validity by
applying the usual test of over-identifying restrictions to the duration variable. 1 check
the relationship between the branch duration and performance measures by including
the duration variable in the OLS and FE regressions as additional explanatory variable
(Table 3.3 and 3.5). If distance and duration have a direct effect on the performance of
the branch, T would expect these variables to be significant in each of the estimated main
equations. However, in all cases, the effects of distance and duration on performance are
statistically insignificant. Moreover, including these additional exogenous variable does
not change the coefficients for other estimated variables at all in the regression. This
confirms my conjecture that the impact of distance and duration on performance work
only through the "delegation channel". In other words, distance and duration themselves
do not have direct effects on the branches’ performance, if I control for the level of
delegated authority.

The first-stage regression estimates for PI loans are provided in Appendix, Table 3.8
(panel 2 for PI loans). These results confirm that the authority delegated (the level of
limits) to the branch for PI loans is strongly related only to the duration variable, and the
distance variable is not significantly related to the limits variable. The F-test of excluded
instruments confirms that they are jointly strongly related to the limits variable, but in
the FE specification, the F-value is quite low (3.66), and it is a boundary decision whether
excluded instruments are strongly related to the limits variable (instruments might be
weak for the FE specification, but are not weak for the pooled OLS specification). For
the pooled OLS specification, Hansen J statistics (J-stat=10.72, p-value=0.001) do not
allow me to conclude that the excluded instruments are orthogonal to the error term
in the regression of main interest and are correctly excluded from the main regression
(instruments are not valid for a pooled regression specification).

For the PI loans regression, the proposed instrumental variable distance does not affect
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the level of limits, and the duration variable remains strongly correlated with the limits
variable. However, the distance variable cannot be excluded from the main equation
because it is related to the outcome variable. The conclusion is that when making the
decision on the level of limits for PI loans, the bank uses different considerations other
than monitoring costs and local experience. The IV specification for PI loan regressions
suffers from either a weak or not orthogonal instrumental variables problem. Therefore,
it casts doubt on whether the procedure for correcting for the omitted variable bias in PI

loan regressions was helpful and whether the results are conclusive.

3.4 Conclusion

This paper considers the problem of delegated authority using an example from the bank-
ing sector. Recently, competition in the banking sector has become more severe, and as
a result, the banking sector has undergone many important changes in its organizational
structure — decision making has become more centralized, and the delegation of control
in lending has decreased. However, many studies demonstrate that delegation of loan
decisions is often used by the banks to compete for customers and facilitate lending.

Regression estimates show that more authority delegated has a positive effect on quan-
titative measures of performance; however, it might also decrease the quality of decisions
made. Different regression specifications were employed to control for the endogeneity of
the delegation variable. For some qualitative performance regressions, after controlling
for the endogeneity of the delegation level, these effects became insignificant, and for the
quantitative performance measures, controlling for the delegation endogeneity made the
estimates economically more significant. Therefore, results show that not controlling for
the endogeneity problem might lead to false conclusions about the relationship between
performance and authority.

Moreover, estimation results show that the validity of instruments remains an im-
portant problem for some of the regression estimates. Employed instruments (excluded)
proved to be strong predictors of the delegation decision for the SME loans but are weak
instruments for the PI loans delegation decision. This could reflect the fact that the bank
uses different considerations other than monitoring costs (distance variable) and local
market experience (duration variable) when assigning the loan limits to the PI loans as
compared to SME loan limits. With no evidence of instrument validity, the consistency

of estimates and the instrumental variable specification estimates for the case of PI loans
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might be questioned.

Regression estimates demonstrate that there is a positive effect of the level of authority
delegated on the performance measures. Also, there is only weak evidence of a negative
level-of-delegation effect on the quality of originated loans. This result is consistent with
the bank’s optimal authority delegation behavior as a response to changes in local market
conditions. The bank was not constrained in its delegation decisions, and it made optimal
choices for its organizational structure. This study shows that there might be a trade-
off between the quantitative and qualitative performance characteristics. Therefore, the
results are consistent with the following bank behavior: Headquarters optimally balance
the level of delegation to the regional branch as a response to local market conditions.
A more aggressive (market share expansion) market strategy could be associated with
the bank providing more delegation to the local branches, and a loss-avoidance strategy
could be associated with bank’s decision-making being centralized (lower limits to the

local branch).
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3.A Appendix 3

5 Appendices

Table 3.1: Definition of Variables

Performance variables

Number of loans

Amount of loans

Mean loan size

Number of loans
per office

Amount of loans
per office

Mean days
overdue

Thirty plus

Recovery ninety

Number of
bad loans

Share of bad loans

Amount of
bad loans

Share of the amount
of bad loans

The number of all loans approved by the branch (all offices of
the branch) during a period of one month

The sum of all loans approved by the branch (all offices of the branch)
during a period of one month (in EUR)

Average size of the loan approved by the branch (all offices of
the branch) during a period of one month (in EUR)

The number of loans per office approved by the branch during a period
of one month

The sum of loans per office approved by the branch during
a period of one month (in EUR)

The average days loans (approved by a particular branch during
a particular month, all offices of the branch) are overdue after 6 month
of being on the books

The number of loans that are overdue more than 30 days
out of those approved by a particular branch during a particular month
(all offices of the branch)

Percentage of loans that became performing after they were
recognized as non-performing during a period of 90 days

Number of loans that became non-performing during
a period of one month

Share of loans that became non-performing during a period
of one month

Total face value of loans that became non-performing during
a period of one month

The share of the face value of loans that became non-performing
during a period of one month

Explanatory variables

Limits

Number of offices

Number of
competitors

Real wage index
Duration

Distance

The highest level of loan size, for which the branch can make
an independent decision, without consulting headquarters (in EUR)

The number of offices the regional branch has in the region

The number of other banks in the region

Real wage index in the region
The number of months the bank is present in the regional market

The (driving) distance from headquarters to the regional branch
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Table 3.2: Comparison of Means for the Observations with Zero and Positive Limits

Variable

Observations
with zero limits
(20% of all obs.)

Observations
with positive limits
(80% of all obs.)

Difference in
means is significant:

= (1%); **(5%); *(10%)

Number of loans 3.15 13.05 Hkx
(2.37) (11.4)
Amount of loans 256570.1 925222.9 Hkx
(259979) (897779)
Mean loan size 78214.44 72804.93 -
(62622.8) (45929.9)
Number of loans per office 2.58 3.56 ok
(1.96) (2.3)
Amount of loans per office 215450.3 250884 -
(225399) (199659)
Mean days overdue 2.31 31.51 *kE
(8.51) (52.47)
Thirty plus 0 0.35 ok
0 (0.83)
Recovery ninety 0.08 0.05 -
(0.25) (0.12)
Number of bad loans 0.14 1 Hkx
(0.52) (1.55)
Share of bad loans 0.03 0.06 *kE
(0.09) (0.09)
Amount of bad loans 13570.49 102725.7 Hkx
(48668.4) (203071)
Share of the amount of bad loans 0.03 0.07 *ok
(0.13) (0.12)
Limits 0 102760.7 *
0 (37705)
Number of offices 1.49 4.3 Hkx
(1.15) (3.4)
Number of competitors 32.93 65.62 ok
(7.01) (32.48)
Index of real wage 100.9 100.77 -
(7.04) (5.53)
Duration 8.03 18.16 Hkx
(6.2) (12.73)
Distance 413.13 540.45 ok
(176.45) (202.29)
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Table 3.7: Statistics for the Limits Variable for SME and PI Loans

Mean Median  St. dev Min Max
PI
Limits> 0 46,089.34 50,000 17,088.07 2,500 100,000
(48.33% of all observations)
SME
Limits> 0 96,183.21 100,000 36,691.5 50,500 200,000
(49.62% of all observations)

Table 3.8: First Stage Regressions

SME Limits PI Limits

Variables OLS FE OLS FE
Index of -0.0726 -0.0799 -0.0002 -0.0024
real wage [0.2858] [0.1747] [0.1696] [0.1491]
Number of offices 9.7836%** -3.6659** 4.0664*** -1.238

[1.9346] [1.6965] [1.1631] [1.4652]
Number of offices -0.3723%** 0.2278%** -0.2854*** -0.103
squared [0.1127] [0.0866] [0.0682] [0.0754]
Number of 0.2133%** 2.6313** 0.091** 4.1025%**
competitors [0.0641] [1.1062] [0.0378] [0.9164]
Distance 0.0134 0.0012

[0.0091] [0.0054]
Duration 1.1023*** 1.5518*** 0.5837*** 0.4566*

[0.2346] [0.2802] [0.1418] [0.2387]
Observations 567 567 601 601
R-squared 0.4140 0.3680 0.1652 0.1099

F test of excluded
instruments

Hansen J statistics

F(2,560) = 15.02

0.0427 (p = 0.8362)

Robust standard errors in brackets
*¥*% < 0.01, ** p< 0.05, * p< 0.1

F(1,538) = 30.68

114

F(2,594) = 9.30

10.7222 (p = 0.0011)

F(1,572) = 3.66



Bibliography

Acemoglu, D., Linn, J., 2004. Market size in innovation: Theory and evidence from the
pharmaceutical industry. The Quarterly Journal of Economics 119 (3), 1049-1090.

Aghion, P., Tirole, J., 1997. Formal and real authority in organizations. Journal of Polit-
ical Economy 105 (1), 1-29.

Alessandrini, P., Presbitero, A. F., Zazzaro, A., 2009. Banks, distances and firms’ financ-
ing constraints. Review of Finance 13 (2), 261-307.

Amir, R., 2000. Modelling imperfectly appropriable R&D via spillovers. International
Journal of Industrial Organization 18 (7), 1013-1032.

Amir, R., Evstigneev, I. V., Wooders, J., 2003. Noncooperative versus cooperative R&D
with endogenous spillover rates. Games and Economic Behavior 42 (2), 183-207.

Anton, J. J., Greene, H., Yao, D. A., 2006. Policy implications of weak patent rights.
Innovation Policy and the Economy 6, 1.

Arundel, A., 2001. The relative effectiveness of patents and secrecy for appropriation.
Research policy 30 (4), 611-624.

Aschhoff, B., Baier, E., Crass, D., Hud, M., Hiinermund, P., Kohler, C., Peters, B., Ram-
mer, C., Schricke, E., Schubert, T., Schwiebacher, F., 2013. Innovation in Germany -
results of the German CIS 2006 to 2010. Background report on the Innovation Surveys
2007, 2009 and 2011 of the Mannheim Innovation Panel. Tech. Rep. 13-01, ZEW - Zen-
trum fiir Européische Wirtschaftsforschung / Center for European Economic Research.

Atallah, G., 2004. The protection of innovations. Cirano working papers, CIRANO.

Audretsch, D. B., Feldman, M. P.; 1996a. Innovative clusters and the industry life cycle.
Review of Industrial Organization 11 (2), 253-273.

Audretsch, D. B., Feldman, M. P., 1996b. R&D spillovers and the geography of innovation
and production. American Economic Review 86 (3), 630—40.

Becker, G. S., Murphy, K. M., 1992. The division of labor, coordination costs, and knowl-
edge. The Quarterly Journal of Economics 107 (4), 1137-60.

115



Behringer, S., 2014. Network effects, spillovers and market structure. The Manchester
School 82 (2), 143-159.

Berger, A. N., DeYoung, R., 2006. Technological progress and the geographic expansion
of the banking industry. Journal of Money, Credit and Banking 38 (6), 1483-1513.

Berger, A. N., Miller, N. H., Petersen, M. A., Rajan, R. G., Stein, J. C., 2005. Does
function follow organizational form? Evidence from the lending practices of large and
small banks. Journal of Financial Economics 76 (2), 237-2609.

Berger, A. N., Udell, G. F., 2002. Small business credit availability and relationship
lending: The importance of bank organisational structure. Economic Journal 112 (477),
F32-F53.

Berry, S., Waldfogel, J., 2010. Product quality and market size. The Journal of Industrial
Economics 58 (1), 1-31.

Bloom, N., Schankerman, M., Van Reenen, J., 2013. Identifying technology spillovers and
product market rivalry. Econometrica 81 (4), 1347-1393.

Boot, A., 2000. Relationship banking: What do we know? Journal of Financial Interme-
diation 9 (1), 7-25.

Boot, A. W. A.] Thakor, A. V., 2000. Can relationship banking survive competition?
Journal of Finance 55 (2), 679-713.

Bresnahan, T. F., 1992. Sutton’s sunk costs and market structure: Price competition,
advertising, and the evolution of concentration.

Bronnenberg, B. J., Dhar, S. K., Dubé, J.-P., 2005. Endogenous sunk costs and the
geographic distribution of brand shares in consumer package goods industries. Tech.
rep., Citeseer.

Caballero, R. J., Jaffe, A.; 1993. How high are the giants’ shoulders: An empirical assess-
ment of knowledge spillovers and creative destruction in a model of economic growth.
NBER Working Papers 4370, National Bureau of Economic Research, Inc.

Canales, R., Nanda, R., 2012. A darker side to decentralized banks: Market power and
credit rationing in SME lending. Journal of Financial Economics 105 (2), 353-366.

Carlton, D. W., Oct 2005. Barriers To Entry. NBER Working Papers 11645, National
Bureau of Economic Research, Inc.

Carter, D. A., McNulty, J. E., 2005. Deregulation, technological change, and the business-
lending performance of large and small banks. Journal of Banking & Finance 29 (5),
1113-1130.

Cohen, W. M., 2010. Chapter 4 - fifty years of empirical studies of innovative activity and
performance. In: Hall, B. H., Rosenberg, N. (Eds.), Handbook of The Economics of
Innovation, Vol. 1. Vol. 1 of Handbook of the Economics of Innovation. North-Holland,
pp. 129 — 213,

116



Cohen, W. M., Goto, A., Nagata, A., Nelson, R. R., Walsh, J. P., 2002. R&D spillovers,
patents and the incentives to innovate in Japan and the United States. Research Policy
31 (8), 1349-1367.

Cohen, W. M., Levin, R. C.; 1989. Empirical studies of innovation and market struc-
ture. In: Schmalensee, R., Willig, R. (Eds.), Handbook of Industrial Organization, 1st
Edition. Vol. 2. Elsevier, Ch. 18, pp. 1059-1107.

Cohen, W. M., Levin, R. C., Mowery, D. C., 1987. Firm size and R&D intensity: A
re-examination. Journal of Industrial Economics 35 (4), 543-65.

Cohen, W. M., Levinthal, D. A., 1989. Innovation and learning: The two faces of R&D.
The Economic Journal 99 (397), pp. 569-596.

Cohen, W. M., Levinthal, D. A., 1990. Absorptive capacity: A new perspective on learn-
ing and innovation. Administrative Science Quarterly 35 (1), pp. 128-152.

Cohen, W. M., Nelson, R. R., Walsh, J. P.; 2000. Protecting their intellectual assets:
Appropriability conditions and why us manufacturing firms patent (or not). Tech. rep.,
National Bureau of Economic Research.

Cohen, W. M., Walsh, J. P., 2000. R&D information flows, appropriability and ré&d
intensity. In: Spivack, R. (Ed.), Papers and proceedings of the Advanced Technol-
ogy Program’s International Conferences on the Economic Evaluation of Technological
Change. Vol. NIST Special Publication 952. Washington: USGPO, pp. 22-29.

Coscolla-Girona, P., Lopez, P. B., Llopis, A. S., Barrachina, M. E. R., Apr 2011. Com-
petitive pressure determinants and innovation at the firm level. Working Papers. Serie
EC 2011-02, Instituto Valenciano de Investigaciones Econémicas, S.A. (Ivie).

d’Aspremont, C., Jacquemin, A., 1988. Cooperative and noncooperative R&D in duopoly
with spillovers. American Economic Review 78 (5), 1133-37.

De Bondt, R., 1997. Spillovers and innovative activities. International Journal of Indus-
trial Organization 15 (1), 1-28.

Degryse, H., Laeven, L., Ongena, S., 2009. The impact of organizational structure and
lending technology on banking competition. Review of Finance 13 (2), 225-259.

Degryse, H., Ongena, S., 2007. The impact of competition on bank orientation. Journal
of Financial Intermediation 16 (3), 399-424.

Dewatripont, M., Tirole, J., 2005. Modes of communication. Journal of Political Economy
113 (6), 1217-1238.

Dick, A. A., 2007. Market size, service quality, and competition in banking. Journal of
Money, Credit and Banking 39 (1), 49-81.

Ellickson, P. B., 2007. Does Sutton apply to supermarkets? The RAND Journal of
Economics 38 (1), 43-59.

117



Ellison, G., Glaeser, E. L., Kerr, W., 2010. What causes industry agglomeration? evidence
from coagglomeration patterns. American Economic Review 100 (3), 1195-1213.

Etro, F., 2013. Some thoughts on the Sutton approach. Journal of Economics, 1-15.

Garicano, L., 2000. Hierarchies and the organization of knowledge in production. Journal
of Political Economy 108 (5), 874-904.

Geroski, P., 1994. Market Structure, Corporate Performance, and Innovative Activity.
Clarendon Press.

Geroski, P. A., 1991. Entry and the rate of innovation. Economics of Innovation and New
Technology 1 (3), 203-214.

Gersbach, H., Schmutzler, A., 2003. Endogenous spillovers and incentives to innovate.
Economic Theory 21 (1), 59-79.

Hall, B., Helmers, C., Rogers, M., Sena, V., 2014. The choice between formal and informal
intellectual property: A review. Journal of Economic Literature 52 (2), 1-50.

Hall, B. H., Mairesse, J., Mohnen, P., 2010. Chapter 24 - Measuring the returns to R&D.
In: Hall, B. H., Rosenberg, N. (Eds.), Handbook of the Economics of Innovation,
Volume 2. Vol. 2 of Handbook of the Economics of Innovation. North-Holland, pp.
1033 — 1082.

Hanel, P., St-Pierre, A., 2002. Effects of R&D spillovers on the profitability of firms.
Review of Industrial Organization 20 (4), 305-322.

Henderson, R. M., Cockburn, I. M., 1996. Scale, scope, and spillovers: The determinants
of research productivity in drug discovery. RAND Journal of Economics 27 (1), 32-59.

Henry, E., Ruiz-Aliseda, F., 2012. Innovation beyond patents: Technological complexity
as a protection against imitation. Tech. rep., CEPR Discussion Papers.

Hinloopen, J., October 2000. More on subsidizing cooperative and noncooperative R&D
in duopoly with spillovers. Journal of Economics 72 (3), 295-308.

Javorcik, B. S., 2004. Does foreign direct investment increase the productivity of domestic
firms? in search of spillovers through backward linkages. American Economic Review
94 (3), 605-627.

Kamien, M., Muller, E., Zang, 1., 1992. Research joint ventures and R&D cartels. Amer-
ican Economic Review 82 (5), 1293-306.

Keller, W., 2004. International technology diffusion. Journal of economic literature, 752
782.

Kim, J., Marschke, G., 2005. Labor mobility of scientists, technological diffusion, and the
firm’s patenting decision. The RAND Journal of Economics 36 (2), pp. 298-317.

118



Kosova, R., Lafontaine, F., Perrigot, R., 2013. Organizational form and performance:
Evidence from the hotel industry. Review of Economics and Statistics 95 (4), 1303
1323.

Krueger, A. B., 1991. Ownership, agency, and wages: An examination of franchising in
the fast food industry. The Quarterly Journal of Economics 106 (1), 75-101.

Legros, P., Newman, A. F., 2008. Competing for ownership. Journal of the European
Economic Association 6 (6), 1279-1308.

Leiponen, A., Byma, J., 2009. If you cannot block, you better run: Small firms, cooper-
ative innovation, and appropriation strategies. Research Policy 38 (9), 1478-1488.

Levin, R. C., May 1988. Appropriability, R&D spending, and technological performance.
American Economic Review 78 (2), 424-28.

Liberti, J. M., Mian, A. R., 2009. Estimating the effect of hierarchies on information use.
Review of Financial Studies 22 (10), 4057-4090.

Mansfield, E., 1984. R&D and innovation: some empirical findings. In: Griliches, Z.
(Ed.), R&D, Patents, and Productivity. NBER Chapters. National Bureau of Economic
Research, Inc, pp. 127-154.

Mansfield, E., 1986. Patents and innovation: an empirical study. Management science
32 (2), 173-181.

Mansfield, E., Schwartz, M., Wagner, S., 1981. Imitation costs and patents: an empirical
study. Economic Journal 91 (364), 907-18.

Marin, D., Verdier, T., 2008. Power inside the firm and the market: A general equilibrium
approach. Journal of the European Economic Association 6 (4), 752-788.

Marin, P. L., Siotis, G., 2007. Innovation and market structure: An empirical evaluation
of the’bounds approach’ in the chemical industry. The Journal of Industrial Economics
55 (1), 93-111.

Matraves, C., June 1999. Market structure, R&D and advertising in the pharmaceutical
industry. Journal of Industrial Economics 47 (2), 169-94.

Matraves, C., Rondi, L., 2005. Product differentiation, turbulence and sustainability of
competitive advantage. Tech. rep., working paper, March.

Mesquita, L. F., Anand, J., Brush, T. H., 2008. Comparing the resource-based and rela-
tional views: knowledge transfer and spillover in vertical alliances. Strategic Manage-
ment Journal 29 (9), 913-941.

Mookherjee, D., 2006. Decentralization, hierarchies, and incentives: A mechanism design
perspective. Journal of Economic Literature 44 (2), 367-390.

Mullainathan, S., Scharfstein, D., 2001. Do firm boundaries matter? American Economic
Review 91 (2), 195-199.

119



Nocke, V., 2007. Collusion and dynamic (under-) investment in quality. The RAND
Journal of Economics 38 (1), 227-249.

Poyago-Theotoky, J., 1999. A note on endogenous spillovers in a non-tournament R&D
duopoly. Review of Industrial Organization 15 (3), 253-262.

Radner, R., 1993. The organization of decentralized information processing. Econometrica
61 (5), 1109-46.

Robinson, W. T., Chiang, J., 1996. Are Sutton’s predictions robust?: Empirical insights
into advertising, R&D, and concentration. The Journal of Industrial Economics 44 (4),
pp. 389-408.

Samuelson, P.; Scotchmer, S., 2002. The law and economics of reverse engineering. Yale
Law Journal, 1575-1663.

Santos Silva, J. M., Tenreyro, S., 2011. Further simulation evidence on the performance
of the poisson pseudo-maximum likelihood estimator. Economics Letters 112 (2), 220
222.

Sapienza, P., 2002. The effects of banking mergers on loan contracts. The Journal of
Finance 57 (1), 329-367.

Schmalensee, R., 1992. Sunk costs and market structure: A review article. The Journal
of Industrial Economics, 125-134.

Scotchmer, S., 2006. Innovation and Incentives, 1st Edition. Vol. 1. The MIT Press.

Senyuta, O., Zigié, K., 2012. Managing spillovers: an endogenous sunk cost approach.
Economics Institute, Academy of Sciences of the Czech Republic.

Shenkar, O., 2010. Copycats: How Smart Companies Use Imitation to Gain a Strategic
Edge. McGraw-Hill Education.

Spence, A. M., 1984. Cost reduction, competition, and industry performance. Economet-
rica 52 (1), 101-21.

Stein, J. C., 2002. Information production and capital allocation: Decentralized versus
hierarchical firms. The Journal of Finance 57 (5), 1891-1921.

Strelicky, J., Zigié, K., 2011. Intellectual property rights protection and enforcement in
a software duopoly. CERGE-EI Working Papers, The Center for Economic Research
and Graduate Education - Economic Institute, Prague.

Sutton, J., 1991. Sunk Costs and Market Structure: Price Competition, Advertising, and
the Evolution of Concentration. The MIT Press.

Sutton, J., 2001. Technology and Market Structure: Theory and History, 1st Edition.
Vol. 1. The MIT Press.

Sutton, J., 2007. Market structure: Theory and evidence. In: Armstrong, M., Porter, R.
(Eds.), Handbook of Industrial Organization. Vol. 3. Elsevier, Ch. 35, pp. 2301-2368.

120



Suzumura, K., 1992. Cooperative and noncooperative R&D in an oligopoly with spillovers.
American Economic Review 82 (5), 1307-20.

Taylor, M. S., 1993. Trips, trade, and technology transfer. The Canadian Journal of
Economics 26 (3), 625-637.

Tesoriere, A., 2008. A further note on endogenous spillovers in a non-tournament R&D
duopoly. Review of Industrial Organization 33 (2), 177-184.

Vasconcelos, H., 2006. Endogenous mergers in endogenous sunk cost industries. Interna-
tional Journal of Industrial Organization 24 (2), 227-250.

Vives, X., 2008. Innovation and competitive pressure. Journal of Industrial Economics
56 (3), 419-469.

Zigié, K., Strelicky, J., Kanin, M., 2013. The interaction between private and public
ipr protection in a software market: A positive and normative analysis. CERGE-EI
Working Paper Series (490).

Zabojnik, J., 2002. A theory of trade secrets in firms. International Economic Review
43 (3), 831-855.

121





