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Abstract

In the first essay, we build a model investigating how the nature of managerial human

capital affects firms’ choices of growth strategies. The model shows that when firms

are cash constrained, managers with more general managerial skills are more likely

to foster growth via acquisitions, which is further moderated by firms’ financial slack

and agency concern. We find empirical evidence supporting the model predictions.

Moreover, we use variation in enforceability of non-compete agreements in U.S. states

as an instrument for general managerial skills and find a positive and causal impact

of general managerial skills on growth via acquisitions.

In the second essay, we study whether it is optimal for a firm to engage in corporate

social responsibility (CSR) when regulatory oversight was imperfect. The model

suggests that a regulator who cannot perfectly monitor firm compliance may have

to set inefficiently loose regulation. It then becomes optimal for the firm to hire a

socially responsible worker who chooses to engage more in CSR. We test the model

in two ways. Using the EU sample, we find that firms on average had lower CSR

ratings after the introduction of the mandatory disclosure policy than the firms from

15 European countries that did not have a mandatory disclosure policy in place.

Using US sample, we find that industries most hit by outsourcing and globalization

are those that increase their CSR scores the most. Both sets of results support the
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predictions of the model.

In the third essay, we study how competition between two downstream firms af-

fects an upstream innovator’s innovation strategy, which includes selecting how much

innovation to produce and whether to license this innovation to one (targeted licens-

ing) or both (market-wide licensing) downstream competitors. Our model points to

a U-shaped relationship between downstream competition and upstream innovation:

at low levels of competition, market-wide licensing is the optimal and competition

reduces innovation, while at high levels of competition targeted licensing is optimal

and competition increases innovation. Empirical analysis using a large panel of U.S.

data provides clear support for these predictions linking competition, innovation and

licensing.
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Chapter 1

Introduction

Does managerial human capital play a role in firms’ choices of growth strategies? And

how? In chapter 2, we study how and through what mechanism general managerial

skills affect firms’ choice of organic growth vs. growth via acquisitions, and how fi-

nancial slack and agency cost interact with general managerial skills to determine

firms’ investment strategies. The model shows that when firms are cash constrained,

managers with more general managerial skills are more likely to foster growth via

acquisitions but less likey to adopt an organic growth strategy. Moreover, firms’ fi-

nancial slack negatively moderates the relationship between general managerial skills

and growth via acquisitions. In contrast, agency concern within firms positively mod-

erates the relationship between general managerial skills and growth via acquisitions.

To test the model predictions, we use a panel of publicly traded U.S. firms over the

period 1996 - 2007. Consistent with the theoretical model, the baseline model shows a

positive and significant impact of general managerial skills on growth via acquisitions,

which is further negatively moderated by firms’ financial slack. Moreover, the impact

of general managerial skills on the strategy of growth via acquisitions becomes more

pronounced for firms with weaker governance and hence more empire bulidings from
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managers.

To address the potential endogeneity concerns, we use the index on the enforceabil-

ity of non-compete agreements developed by Garmaise (2009), to capture time-series

and cross-sectional variations in the enforceability of these contracts across the states

in U.S. The enforceability of non-compete agreements would essentially limit man-

agers’ within-industry transfers but encourage cross-industry transfers, which in turn

can enhance managers’ general managerial skills. The advantage of using the index

on the enforceability of non-compete agreements is that this index should be related

to general managerial skills, but not directly to firms’ choice of investment strategies.

The key assumption is that the index on the enforceability of non-compete agree-

ments can only affect firms’ investment strategies through its impact on managers’

general managerial skills. Overall our identification strategy provides support for the

idea that general managerial skills have a positive and causal impact on the strategy

of growth via acquisitions.

Chapter 2 contributes to the existing literatures in two ways: First, it addresses

a classic question in organizational economics from a new angle - managerial human

capital. Second, it develops and tests a model to investigate the mechanism through

which managerial human capital exerts differential impacts on the strategy of organic

growth and growth via acquisitions.

In Milton Friedman’s view, it is the regulator’s job to ensure the appropriate be-

havior of profit-maximizing firms by setting proper rules and regulations, rather than

firms’ responsibility to determine and implement their notion of socially responsible

behavior. Implicit in this argument is the assumption that the government or regu-

latory body is able to ensure appropriate behavior by firms. But what happens if the
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regulator is unable to monitor firm behavior effectively? Would a profit-maximizing

firm ever find it optimal to engage in corporate social responsibility (CSR) when reg-

ulatory oversight were imperfect? More generally, how is the quality of regulatory

oversight connected to the presence of CSR? These questions are the central focus of

Chapter 3.

To study these questions, we develop and test a model in which regulators, firms

and employees interact. In our model, a firm hires a worker who takes an action which

unavoidably imposes negative externalities on the rest of society. The role of the regu-

lator is to set a regulatory threshold that balances the firm’s profits against the social

costs of these negative externalities. The firm decides whether to hire a self-interested

worker who cares only about his compensation; or a socially responsible worker who

also derives utility from taking actions that increase social welfare. From the model,

we find that when the regulator possesses the ability to monitor firm compliance with

sufficient effectiveness, she can ensure that firms comply with regulatory standards

that approach the socially optimal level, the firm is indifferent between the two types

of worker and the action selected inside the organization in equilibrium and hence

does not engage in CSR. In contrast, when the regulator does not have the ability or

resources to effectively monitor firm compliance, she must adopt a regulatory thresh-

old that is lax relative to the social optimum in order to ensure firm compliance. In

those instances, it becomes optimal for the firm to hire the responsible worker and

to let him enjoy extra utility by selecting an action that produces fewer externalities

than the law permits; capturing these rents through lower wages. Indeed in those

cases the firm does engage in CSR, over-complying with regulation and producing

strictly fewer externalities than required by law.
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The key empirical prediction of our model is that all else equal, the effectiveness

of regulatory oversight should be negatively related to the level of CSR that firms

adopt. We test the model predictions by developing two sets of empirical tests. In

the first test, we exploit a shock in UK reporting standards surrounding green house

gas (GHG) emissions, which is corresponding to an increase in regulatory oversight

in our environment. Using a difference-in-difference strategy, we find that UK firms

on average had lower corporate social responsibility ratings compared to firms from

the other 15 European countries, which did not have a mandatory disclosure policy

in place. The negative and significant effect of mandatory disclosure on CSR is

consistent with the main prediction of our model. Our second set of tests uses US

data and relies on the fact that changes in the degree of outsourcing across industries

have differentially changed regulators’ monitoring ability. The central argument is

that it may be more difficult for a regulator to monitor firms that offshore a large

fraction of their activities; because these firms face less regulatory oversight as a result

they may choose higher levels of CSR. Here again we find evidence consistent with

the model: our results show a positive relationship between industry-level foreign

outsourcing and firms’ average corporate social responsibility in that industry.

Overall, Chapter 3 contributes to the literature by bringing together a novel theory

of inefficient regulatory oversight and its effects on the CSR in organizations; and an

empirical analysis providing support for the main predictions of our model, using a

variety of datasets and methods.

Understanding how competition affects innovation is one of the oldest and most

elusive theoretical and empirical challenges in industrial organization and innovation

economics. Chapter 4 offers a new perspective on this question. Our analysis is
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motivated by the fact that innovations often take place in markets upstream from

those in which the relevant product market competition occurs. In these settings,

intellectual property rights allow for the innovations to be licensed to downstream

firms in technology markets.

In particular, we study how downstream competition between two product market

rivals impacts an upstream innovator’s optimal licensing and innovation strategies.

We consider a market for technology in which an upstream innovator serves two

downstream firms exogenously located at either end of a Hotelling (1929) line. The

innovator makes an investment in a cost-reducing innovation which can be licensed

in the downstream market by one of two means: either the innovation is licensed to a

single competitor through “targeted” licensing, or it is licensed to both competitors

at the same time, which we call “market-wide” licensing. The upstream innovator

chooses a licensing strategy and innovation policy to maximize her profits, which in

turn are a function of the degree of competition in the downstream market.

We derive the following key insights from the model: First, competition increases

the innovator’s licensing revenue from targeted licensing, but reduces her revenue

from market-wide licensing, thereby unambiguously increasing the relative appeal of

targeted licensing to the innovator. The second key insight of the model concerns

the impact of downstream competition on the upstream innovator’s incentives to

innovate, which differs across licensing strategies. Competition affects the innovator’s

marginal benefit from innovation through business stealing and rent reduction effects

in a similar manner to that described above. Larger demands and markups under

targeted licensing generate a strong business stealing effect, strong enough to offset

rent reduction and to yield a positive effect of competition on innovation. In contrast,
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lower demands and markups under market-wide licensing generate a weak business

stealing effect and a negative impact of competition on innovation.

We take the model to data by using a large panel of publicly traded U.S. firms

over the period 1976 - 2006. We find consistent empirical evidence for a U-shaped

relationship between downstream competition and upstream innovation. To address

potential endogeneity concern, we use the reductions in import tariff rates as an

exogenous shock to the competitive structure of an industry. The key to our iden-

tification strategy rests in the fact that firms in industries with large reductions in

import tariff rates face higher competition, but the reduction of import tariffs has no

direct impact on the optimal choice of licensing strategies except through the change

in downstream demand conditions. Overall our identification strategy supports the

idea that downstream competition has a non-linear causal impact on upstream in-

novation. Finally, we explore the implication of licensing strategy as a key channel

behind the U-shaped relation. Consistent with the theoretical model, data on strate-

gic alliance and licensing deals illustrates that downstream competition increases the

appeal of targeted licensing relative to market-wide licensing; and upstream innova-

tion increases (decreases) in downstream competition under targeted (market-wide)

licensing.
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Chapter 2

Does Managerial Human Capital Shape Firm

Growth?

“All the evidence we have indicates that the growth of firms is connected with the

attempts of a particular group of human beings to do something.”

- Edith Penrose (1959)

2.1 Introduction

Firms strive for growth. Choosing a “right” way to grow is the key for a firm to

succeed. But what determines a firm’s choice of growth path? Challenging the

traditional wisdom on firm growth, Penrose (1959) famously argued that managerial

human capital plays a crucial role in firms’ growth; it not only causes the productive

opportunity of a firm to change but also contributes to the “uniqueness” of the

opportunity that each firm can “see”. Indeed, the experience and knowledge of a

firm’s managerial group are at the heart of its choice of growth strategies. While

existing research has identified firm and industry level factors that influence firms’

choice of growth strategies (Capron and Mitchell, 2012; Arora, Belenzon, and Rios,
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2014; Gil and Ruzzier, 2018), we know little about how the key individual level

factor - managerial human capital - shapes firm growth. Do managers with certain

type of human capital (generalists vs. specialists) always prefer certain type of

growth strategy (organic vs. in-organic growth)? How is managers’ decision on firm

growth contingent on other factors? These are the questions we address in this

paper. We develop a model to show that when firms are cash constrained, managers

with more general human capital would be more likely to foster growth via

aquisitions but less likely to adopt an organic growth strategy; and we find

empirical evidence supporting these model predictions.

We consider a model where the manager of a firm needs to allocate a given

amount of financial slack to both external investment (growth via acquisitions) and

internal investment (organic growth). 1 The firm’s success is determined by the sum

of success probabilities of both external and internal investments, weighted by the

manager’s general and specific managerial skills respectively. In particular, the

success probability of external investment is set to be first increasing and then

decreasing in external investment, capturing the idea that the manager may decide

to use financial slack to acquire firms with negative net present value instead of

distributing it to shareholders, leading to a loss in firm profit (Jensen, 1986).

Similarly, the success probability of internal investment is assumed to be a concave

function as well because too much internal investment would expose firms to

uncertainty and a high risk of failure (Baysinger, Kosnik, and Turk, 1991; Guldiken

and Darendeli, 2016). Moreover, the nature or type of managerial human capital

determines to what extent the firm’s overall success depends on external or internal

1To simplify, hereafter growth via acquistions and organic growth are corresponding to external
investment and internal investment respectively.
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investment. The more general (specific) managerial skills that the manager has, the

more important the external (internal) investment to firm success. In addition, the

manager is an empire builder who obtains private benefits from external

acquisitions.

The model yields four main results. The first finding links general managerial

skills to firms’ investment strategies. The model shows that when firms are cash

constrained, more general managerial skills lead to more external investment but

less internal investment. The intuition is as follows. When managers’ general

managerial skills go up, the marginal product of external investment increases while

that of internal investment decreases. So we need to increase external investment

and reduce internal investment, in order to re-establish the equilibrium where the

marginal products of external and internal investment are equal. Therefore, there is

a positive (negative) relationship between general managerial skills and external

(internal) investment.

The second and third findings concern the impacts of financial slack on firms’

investment strategies. The model shows that, all else being equal, when a firm has

more financial slack available to allocate to its investments, both external and

internal investments increase. Moreover, the model suggests that financial slack

negatively (positively) moderates the relationship between general managerial skills

and external (internal) investment. The intuition is the following: when both

external and internal investments are less than their efficient investment levels, an

increase in financial slack leads to an increase in both external and internal

investments because there is a gain in firm profit. Moreover, as general managerial

skills increase, the marginal product of external investment goes up while that of
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internal investment goes down. The higher level the financial slack, the slower the

marginal product of external investment goes up, and the slower the marginal

product of internal investment goes down. Therefore, when financial slack increases,

a smaller increase in external investment and a smaller decrease in internal

investment are required to re-establish the equilibrium that the marginal product of

external investment equals to that of internal investment. Hence, financial slack

exerts a negative (positive) moderating impact on the relationship between general

managerial skills and external (internal) investment.

The fourth finding suggests that agency concern positively (negatively)

moderates the relationship between general managerial skills and external (internal)

investment. When general managerial skills go up, the marginal product of external

investment goes up while that of internal investment goes down. In this case, an

increase in agency concern would further push the marginal product of external

investment to go up and that of internal investment to go down. Therefore, we now

need a even larger increase in external investment and a larger reduction in internal

investment, in order to achieve the equilibrium where the marginal products of both

investments equal. This is why agency concern makes the impacts of general

managerial skills on external and internal investments become more pronounced.

To test the empirical predictions of the model, we use a panel of publicly traded

U.S. firms over the period of 1996 - 2007. Consistent with the theoretical model, the

baseline model shows a positive and significant impact of general managerial skills

on firms’ external investment strategy, which is further negatively moderated by

firms’ financial slack. Moreover, the impact of general managerial skills on external

investment strategy is more pronounced for firms with weaker governance and hence
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more empire buliding by managers.

The abovementioned tests are fraught with potential endogeneity concerns,

because factors like firm size or industry profitability or concentration might jointly

affect the accumulation of general managerial skills, financial slack, and firms’ choice

of investment strategies (Veugellers and Cassiman, 1999; Yin and Shanley, 2008).

To address these concerns, we use the index on the enforceability of non-compete

agreements developed by Garmaise (2009), to capture time-series and cross-sectional

variations in the enforceability of these contracts across the states in U.S. The

enforceability of non-compete agreements limits managers’ within-industry transfers

but encourage cross-industry transfers, which in turn can enhance managers’ general

managerial skills. This index is related to general managerial skills, but not to firms’

choice of investment strategies. The key assumption is that the index only affects

firms’ investment strategies through its impact on general managerial skills. Overall

our identification strategy provides support to the idea that general managerial

skills have a causal impact on external investment strategy.

The rest of the paper is organized as follows. Section 2.2 provides a review of the

relevant literature. In Section 2.3, we set up the basic model and derive equilibrium

outcomes for external and internal investments. Section 2.4 introduces the data and

variables. In Section 2.5, we present the main empirical findings. In Section 2.6,

additional tests are discussed. Finally, Section 2.7 concludes.

2.2 Related Literature

This paper is related to the literature on CEOs’ characteristics and firm

performance. CEOs are found to have a profound impact on firm investment and
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performance (Hambrick and Mason, 1984). For example, Bertrand and Schoar

(2003) find that manager fixed effect can significantly explain the heterogeneity in

firm investment and organizational practices. More specifically, Mackey (2008) finds

that CEOs determine 29.2% of the variance in firm performance. Barker and

Mueller (2002) find that CEO characteristics explain a significant proportion of the

sample variance in firm R&D spending even when corporate strategy, ownership

structure, and other firm-level attributes are accounted for. Moreover, certain

aspects of CEOs attributes are shown to be key to firm investment decisions. For

instance, Hayward and Hambrick (1997) find that CEO hubris is highly associated

with the size of acquisition premiums paid and losses in acquiring firms’ shareholder

wealth. Jenter and Lewellen (2015) find that target CEOs’ retirement preferences

positively affect the likelihood of receiving a successful takeover bid. Gamache et al.

(2015) suggest that CEOs’ promotion focus and prevention focus will positively and

negatively affect firm acquisitions respectively.

Within this line of research, closely related to this paper is the research on CEOs’

human capital. On one hand, managerial human capital plays an important role in

contributing to firm performance. For example, building on Bloom et al. (2013),

Blender et al. (2018) show that when managers’ human capital is included, the

impact of management practices on firm productivity decreases by 30%–50%. On

the other hand, the type or nature of managerial human capital matters as well. In

the seminal work of Becker (1964), while firm-specific training only increases

workers’ productivity in their current firms, general training not only increases the

workers’ marginal productivity in the firms providing it but also in many other

firms. Accordingly, specialist managers have more specific managerial skills, which
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are more productive within particular firms and industries, whereas generalist

managers have general managerial skills which are more readily transferable across

firms and industries. Existing research has examined the role that both specific and

general human capital play in firm performance and investment. For example,

firm-specific human capital has been argued to be a source of sustained competitive

advantage because it cannot be easily applied in other firms and hence can work as

an isolating mechanism (Coff, 1997; Buchholtz, Ribbens, and Houle, 2003).

Nevertheless, Campell, Coff and Kryscynski (2012) identify three boundary

conditions - both demand- and supply- side mobility constraints - that limit the

logic that firm-specific human capital as a source of competitive advantage.

Custodio, Ferreira, and Matos (2017) find that firms headed by generalist CEOs

have significantly higher patent counts and acquire more patents through mergers

and acquisitions (M&As) than firms headed by specialist CEOs. In contrast, in a

different setting of firms’ initial public offerings, Gounopoulos and Pham (2018) find

that specialist managers have more motivation to exert efforts to increase firm profit

for a longer period than generalist managers.

This paper is also related to the literature on firms’ technology sourcing decisions

on either “make” or “buy” (Capron and Mitchell, 2012). For instance, Arora,

Belenzon, and Rios (2014) investigate how organizational structure determines

firms’ decisions on “make” or “buy”. They find that centralized firms are more

likely to invest in internal R&D while decentralized firms prefer investing in external

acquisitions. In a setting of Spanish local television industry, Gil and Ruzzier (2018)

find a negative causal impact of product market competition on firms’ tendency to

use internal investment strategy through vertical integration. CEOs’ human capital
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plays a role in firms’ technology sourcing strategies as well. For example, Chen,

Huang, and Meyer-Doyle (2017) find that CEOs with general managerial skills tend

to engage more in external acquisitions. Custodio, Ferreira, and Matos (2017)

suggest that generalist CEOs have a positive impact on both external acquisitions

and internal R&D, and that the impact on the latter is even larger than on the

former.

Related as well is the research on financial slack and investment. While a variety

of external financing sources are invested into firm innovation, they actually only

cover less than 20% of U.S. firms’ investment in innovation (Myers, 2001; Lerner

and Schoar, 2014). A general finding is that firms mainly rely on internal reserves -

financial slack - to make investments. Moreover, there occur agency issues with how

firms use their internal financial slack into their investment decisions. For example,

Jensen (1986) suggests that there exist high agency costs from conflicting interests

between managers and shareholders, which lead firms with rich financial slack to

invest in negative NPV projects through M&As. Consistent with Jensen (1986),

Harford (1999) shows that cash-rich firms are more likely to make acquisitions that

subsequently experience abnormal declines in operating performance. Richardson

(2006) finds that the over-investment is concentrated in firms with high levels of

financial slack. More recently, Lungeanu, Stern, and Zajac (2016) show that a firm

with rich financial slack would respond to its poor performance by increasing the

variety of their portfolio of technology-sourcing vehicles.

Clearly, within the abovementioned three lines of research, there exists limited

and mixed empirical evidence on how managerial human capital affects firm growth.

Specifically, the gap in the current literature manifests in the following aspects: (1)
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Relatively few studies have considered the impact of managerial human capital on

firms’ choice of growth strategies, and the corresponding empirical evidence is

generally inconclusive. (2) Existing studies generally examine the effects of

managerial human capital alone, without consideration of its interaction with other

determinants in firms’ investment decisions. (3) More importantly, there is a lack of

research on the mechanism through which managerial human capital affect firms’

choice of investment strategy.

This paper aims to fill in the abovementioned gap and contributes to the existing

literature in the following two aspects: First, it provides a theoretical framework to

investigate the mechanism through which managerial human capital exerts

differential impacts on organic and in-organic growth. Second, by considering the

moderating impacts of firms’ financial slack and agency concern, this paper not only

provides a valuable link between the literatures on managers’ human capital and

firms’ investment decisions, but also offers an explanation for the mixed findings in

existing literature.

2.3 The Model

2.3.1 Model Setup

The setup of the model can be described as follows:

Firm profit. At the beginning of the game, a firm has a non-negative given

amount of financial slack, F ≥ 0, accumulated from the previous operation.

Financial slack is defined as the excess or slack in financial resources which can be

diverted for firm goals (George, 2005). The firm needs to determine how to allocate

its financial slack F into two types of investments - external investment (E) and
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internal investment (I) - to maximize firm profit. The external investment E is the

investment in external acquisitions, while the internal investment I is the

investment projects as well as research and development conducted within the firm.

The firm’s profits are defined simply as follows. Either the firm is successful and

generates payoff π = 1, or it is not successful and generates π = 0. Importantly, the

probability of success ψ(E, I, θ) depends on the following three elements:

(1) The probability of success in external investment γ(E). This function is

strictly concave in E, and maximized at optimal investment E, all else being equal.

The idea behind the strict concavity assumption is that the success probability of

external investment may not always increase in external investment because

managers may allocate financial slack resources to acquire assets or other target

firms with negative net present value (Jensen, 1986), which is detrimental to firm

profit. Moreover, though acquisitions are demonstrated to be able to create

economic value because of cost reduction and synergies (Chatterjee, 1986), they are

not always leading to superior performance for acquiring firms but instead have a

modest negative impact on acquiring firms’ profit (King et al., 2004). Specifically,

we set γ (E) = −
(
E − E

)2
+ 1,2 where E ∈ [0, 1] is defined as the efficient level of

external investment, and with γ
′
> 0 for E < E, and γ

′
< 0 for E > E.

(2) The probability of success in internal investment δ(I). This function is

strictly concave in I, with an optimal investment I that maximizes the probability

of success: δ(I) = −
(
I − I

)2
+ 1, where I ∈ [0, 1] is defined as the efficient level of

internal investment, and δ
′
> 0 for I < I and δ

′
< 0 for I > I. Our point here is

that while internal investment is the key to firms’ long-term growth, it does not

2This is the restriction condition applied to ensure the probability of a successful external invest-
ment is between 0 and 1.
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always positively contribute to firm profit. In fact, a recent annual report in 2017 on

the top 1,000 most innovative companies in the world for over 12 years suggests that

there is no statistically significant relationship between R&D spending and

sustained financial performance.3 Indeed, after a certain threshold, internal

investment may be detrimental to firm profit. When internal investment is too high,

it exposes firms to uncertainty and a high risk of failure (Baysinger, Kosnik, and

Turk, 1991; Guldiken and Darendeli, 2016), causes firms forgo some other

investment opportunities with higher returns such as external acquisitions.

(3) Manager’s general managerial skills (θ). Firms’ strategic choices are usually

the result of flows of information and knowledge attached with the people involved

(Hambrick and Mason, 1984). Indeed, managers draw on the skills and professional

knowledge gained throughout their career to make investment decisions (Custodio,

Ferreira, and Matos, 2018). In a sense, managerial human capital is a key factor

determining firms’ choice of external and internal investments. Specifically, I

consider a manager with some general managerial skills, denoted by θ, and some

specific managerial skills, denoted by 1− θ, where 0 ≤ θ ≤ 1. By definition, general

managerial skills refer to skills that can be transferred across firms or industries,

while specific managerial skills are skills which are specific to firms and therefore

cannot be applied outside of the focal firm (Becker, 1964). We argue that general

managerial skills are more valuable in external investment and increase the

importance of external investment relative to internal investment. Making external

investment through acquisitions requires managers’ knowledge, skills, and abilities

to identify capability gaps and targeted firms, and then negotiate and integrate the

targets into the focal firm (Moeller and Brady, 2011). These skills related to

3https://www.strategy-business.com/article/10408?gko=08375
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acquisitions are thus of a general nature (Chen, Huang, and Meyer-Doyle, 2017).

Managers with general managerial skills have rich experience in a variety of

positions and industries, which can help them not only find high-surplus targets and

better estimate the true value of the targets, but also integrate assets and manage

the merged company (Custodio and Metzge, 2017). In contrast, internal investment

requires knowledge and skills in firms existing technologies, capabilities and the

management of these technologies and capabilities. These skills associated with

internal investment are firm-specific and industry-specific and hence classified into

specific managerial skills.

To sum up, the technology function in the model is

ψ(E, I, θ) = θ · γ (E) + (1− θ) · δ(I). As argued in the above analysis, this set-up

captures the feature that the nature or type of managerial human capital

determines to what extent the firm’s overall success depends on external or internal

investment. The more general (specific) managerial skills that the manager has, the

more important the external (internal) investment to firm success.

Agency concern. In the model, with probability ρ, the manager of the firm

obtains private benefits, b, from empire building through external acquisitions.

Among them, ρ represents the agency cost within the firm which determines to what

extent that the manager can extract private benefits; and private benefits b = θ · E,

where θ is the manager’s general managerial skills, and E is external investment.

Hence, the expected private benefits for the manager is B = ρ · b = ρ · θ · E. On one

hand, self-interested managers prefer growing business empires and tend to spend

financial slack on external acquisitions to entrench themselves (Jensen and

Meckling, 1976; Jensen, 1986; Harford, 2008). Indeed, research shows that these



2.3. THE MODEL 19

external acquisition investments bring benefits to managers by either increasing

their discretion and power (Gomez-Mejia and Wiseman, 1997), or making it costly

for firms replace them and reducing their human capital risk (Shleifer and Vishny,

1989), or increasing managerial wealth and compensation (Harford and Li, 2007;

Bliss and Rosen, 2001). On the other hand, managers are prone to build empires

through investing in external acquisitions rather than internal investment because

the latter reduces firms’ current earnings and therefore makes firms more likely to

be taken over (Jensen, 1986) and through the latter empire-building takes longer

time to realize. Therefore, in the model the manager obtains positive private

benefits from external investment and zero from internal investment.

2.3.2 Equilibrium and the Effects of General Managerial Skills and

Financial Slack

Let us consider first the case without agency concern. From the point of view of a

firm, after signing the contract with the manager, the equilibrium outcome would

occur when the firm could dictate to the manager how much to invest in external

and internal investments respectively, while ignoring the private benefits for the

manager through empire building. Therefore, the optimization problem is given by

max
E,I

θ
(
−
(
E − E

)2
+ 1
)

+ (1− θ)
(
−
(
I − I

)2
+ 1
)

(2.1)

s.t.

Budget constraint: E + I ≤ F .

To solve for the equilibrium, we derive the following Lagrangian equation:

L = θ
(
−
(
E − E

)2
+ 1
)

+ (1− θ)
(
−
(
I − I

)2
+ 1
)

+ λ(E + I − F )
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Clearly, the equilibrium external and internal investments can be derived in two

scenarios: λ = 0 and λ > 0, respectively.4

Scenario 1: Budget constraint is not binding (λ = 0)

In the scenario of λ = 0, a firm’s financial slack is large enough such that the

budget constraint is never binding, i.e., E + I < F . Take first order condition with

respect to external investment E and internal investment I respectively, we obtain

the marginal success probability of external investment (MSP (E)) and the

marginal success probability of internal investment (MSP (I)) as follows:

(1) MSP (E) = −2θ
(
E − E

)
= 0

(2) MSP (I) = −2(1− θ)
(
I − I

)
= 0

We can easily derive the following equilibrium investments: E∗ = E and

I∗ = I.The equilibrium holds when a firm’s financial slack is sufficiently large, i.e.,

F > E + I = E + I. The efficient levels of external and internal investments are

achieved in the equilibrium. Neither managers’ general managerial skills nor firms’

financial slack affect the equilibrium investments: ∂E
∂θ

= ∂E
∂F

= ∂I
∂θ

= ∂I
∂F

= 0. These

results yield

Lemma 1: When a firm’s financial slack is large enough such that the budget

constraint is not binding, the equilibrium external and internal investments are as

follows: E∗ = E, I∗ = I.

Scenario 2: Budget constraint is binding (λ > 0)

4The solving procedure and proof are provided in Appendix A.
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In the scenario of λ > 0, a firm’s financial slack is low enough (F < E + I), we

derive the following two key equations:

(1) I = F − E

(2) θMSP (E) =(1− θ)MSP (I)

Clearly, the first equation is derived from the binding budget constraint. The

second equation indicates that in the equilibrium of scenario 2 the skill-adjusted

marginal success probability of external investment must be equal to that of internal

investment. Based on the above two equations, the optimal external and internal

investments can be easily derived as follows: E∗∗ = (F − I)− θ(F − E − I),

I∗∗ = F − E∗∗ = I + θ(F − E − I). Clearly, we have E∗∗ < E, I∗∗ < I, since

F < E + I,5 suggesting that when financial slack is low, the equilibrium external

and internal investments become less than their efficient levels respectively. In other

words, under-investment in both external and internal investments occurs in this

scenario. These results yield

Lemma 2: When a firm’s financial slack is low enough such that the budget

constraint is binding, the equilibrium external and internal investments are E∗∗

= (F − I)− θ(F − E − I) < E∗, I∗∗ = I + θ(F − E − I) < I∗, respectively. This

suggests that lack of financial slack leads to under-investment in both external and

internal investments.

The Effect of General Managerial Skills

5To ensure that both the equilibrium external and internal investments are non-negative, we
impose the regulation restriction that F ≥ max{E + I − 1

1−θE, E + I − 1
θ I }. We provide the proof

in Appendix A.
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Managers’ general managerial skills are a key factor determining the optimal

choice of external and internal investments. We analyze the impact of general

managerial skills on the equilibrium external and internal investments respectively.

Differentiating the equilibrium external investment, E∗∗, with respect to general

managerial skills, θ, yields ∂E∗∗

∂θ
= −(F − I − E) > 0 since F < E + I. Similarly,

differentiating the equilibrium internal investment, I∗∗, with respect to general

managerial skills, θ, yields ∂I∗∗

∂θ
= F − I −E < 0 since F < E + I. Clearly, when the

firm’s financial slack is such that the budget constraint is binding, the manager with

more general managerial skills would choose to increase the equilibrium external

investment towards its efficient level. With a given amount of financial slack, the

resources allocated to internal investment would decrease as a result. These results

yield the following proposition:

Proposition 1: When financial slack is low enough such that the budget

constraint is binding, an increase in managers’ general managerial skills leads to an

increase in external investment but a decrease in internal investment.

The intuition is as follows. In this scenario when financial slack constraint is

binding, one dollar more of external investment has to be one dollar less of internal

investment. Hence the equilibrium investments must be such that skill-adjusted

marginal success probability of the external investment and that of internal

investment have to be equal, i.e., θMSP (E) = (1− θ)MSP (I).6 When managers’

general managerial skills θ go up, the marginal success probability of external

investment increases while that of internal investment decreases, leading to

6Otherwise once could gain by moving one dollar from external investment to internal investment
or vice-versa.
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θMSP (E) > (1− θ)MSP (I). Given that we are on the left of a strictly concave

function (or curve), we need to increase the external investment but decrease the

internal investment until in equilibrium we once again have the marginal product of

external investment equals to that of internal investment.

The Effect of Financial Slack

We analyze how firms’ financial slack and its interaction with managers’ general

managerial skills influence firms’ choice of investment strategies as follows. First,

differentiating E∗∗ and I∗∗, respectively, with respect to financial slack, F , we have

∂E∗∗

∂F
= 1− θ ≥ 0, and ∂I∗∗

∂F
= θ ≥ 0. These results imply that the more financial

slack the firm has, the more both the external and internal investments.

Proposition 2: When financial slack is low enough such that budget constraint

is binding, with an increase in financial slack, both external and internal

investments would increase.

The intuition is the following: when financial slack is low enough for the budget

constraint to be binding, both external and internal investments are less than their

efficient investment levels. Therefore, when financial slack increases, there is a gain

from increasing both external and internal investments towards their efficient levels.

Second, we examine how financial slack moderates the relationships between

general managerial skills and both external and internal investments. Differentiating

∂E∗∗

∂θ
and ∂I∗∗

∂θ
, respectively, with respect to financial slack, F , we have

∂2E∗∗

∂θ∂F
= −1 < 0, and ∂2I∗∗

∂θ∂F
= 1 > 0. These results imply that financial slack makes

the relationship between general managerial skills and external (internal)

investment become less (more) pronounced. These yield
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Proposition 3: When financial slack is low enough such that budget constraint

is binding, financial slack would negatively (positively) moderate the relationship

between general managerial skills and external (internal) investment.

Figure 2.1: The Moderating Effect of Financial Slack

The intuition is the following: As stated in Proposition 1, when general

managerial skills increase, the skill-adjusted marginal success probability of external

investment goes up while that of internal investment goes down. If we have a

increase in financial slack in this case, both external and internal investments would

increase, as stated in Proposition 2. This further results in a decrease in both the

marginal success probability of external and internal investments. In other words,

the greater the financial slack, the slower the marginal success probability of

external investment goes up, the slower the marginal success probability of internal

investment goes down. Therefore we need a smaller increase in external investment
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and a smaller decrease in internal investment are required to re-establish

θMSP (E) = (1− θ)MSP (I) in the equilibrium. This explains why financial slack

negatively (positively) moderates the relationship between general managerial skills

and external (internal) investment.

2.3.3 Agency Concern

In the second-best scenario, the manager needs to decide how to allocate a given

amount of financial slack, F , to external investment E and internal investment I,

taking into account that they can obtain private benefits through empire building

from external acquisitions. The objective function that maximizes firm profit

becomes

max
E,I

θ
(
−
(
E − E

)2
+ 1
)

+ (1− θ) ·
(
−
(
I − I

)2
+ 1
)

+ ρ · θ · E (2.2)

s.t.

Budget Constraint: E + I ≤ F.

Similar as in the previous analysis, the equilibrium investments can be derived in

the following two scenarios.7

Scenario 1: Budget constraint is not binding (λ = 0)

In this scenario, we have E + I < F and λ = 0. Take first order condition with

respect to external investment E and internal investment I respectively, we have the

following: E∗eb = E + ρ
2
, I∗eb = I. Clearly, in the equilibrium we have

E∗eb = E + ρ
2
> E and I∗eb = I, which holds when financial slack is large enough, i.e.,

7The solving procedure and proof are provided in Appendix A.
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F > E+ I = E+ I + ρ
2
. This suggests that while the equilibrium internal investment

is still at its efficient level, there occurs an over-investment in external investment

when there is an agency concern that allows managers to do empire building.

Moreover, the equilibrium is not affected by either managers’ general managerial

skills or firms’ financial slack since ∂E
∂θ

= ∂E
∂F

= ∂I
∂θ

= ∂I
∂F

= 0. These results yield

Lemma 3: In the equilibrium with agency concern, when financial slack is large

enough such that the budget constraint is not binding, the equilibrium external and

internal investments are as follows: E∗eb = E + ρ
2
, I∗ = I, suggesting an

over-investment in external investment.

Scenario 2: Budget constraint is binding (λ > 0)

In the scenario of λ > 0, a firm’s financial slack is low enough (F < E + I + ρ
2
), 8

such that the budget constraint is binding. Plugging I = F − E back into the

objective function, taking the first order condition with respect to E, we obtain E∗∗eb

= (F − I)− θ(F − E − I − ρ
2
) > E∗∗ and I∗∗eb = I + θ(F − E − I − ρ

2
) < I∗∗. These

results indicate that when there is empire building, the equilibrium external

(internal) investment is greater (less) than that without agency concern. Moreover,

we have I∗∗eb < I since F < E + I + ρ
2
; E∗∗eb < E iff F < E + I − ρθ

2(1−θ) ; E
∗∗
eb ≥ E iff

E + I − ρθ
2(1−θ) ≤ F < E + I + ρ

2
, suggesting a under-investment in internal

investment occurring and both under- and over- investments in external investment

may occur, depending on the level of the firm’s financial slack.

Lemma 4: In the equilibrium with agency concern, when a firm’s financial slack

is low enough such that the budget constraint is binding, the equilibrium external

8To ensure that both the equilibrium external and internal investments are non-negative, we
impose the regulation restriction that F ≥ max{E+ I− 1

1−θE−
θ

1−θ
ρ
2 , E+ I− 1

θ I+ ρ
2 }. We provide

the proof in Appendix A.
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and internal investments are E∗∗eb = (F − I)− θ(F − E − I − ρ
2
),

I∗∗eb = I + θ(F − E − I − ρ
2
), which are greater and less than the equilibrium external

and internal investments without agency costs, respectively.

The Effects of General Managerial Skills and Financial Slack

Differentiating E∗∗eb and I∗∗eb , respectively, with respect to θ, yields

∂E∗∗eb
∂θ

= −(F − I − E − ρ
2
) > 0 since F < E + I + ρ

2
, and ∂I∗∗

∂θ
= F − I − E − ρ

2
< 0

since F < E + I + ρ
2
. Clearly, when financial slack is low, more general managerial

skills lead to more external investment but less internal investment, which is similar

to those in the equilibrium without empire building.

Similar analysis on the effects of financial slack, F , leads to
∂E∗∗eb
∂F

= 1− θ ≥ 0,

∂I∗∗eb
∂F

= θ ≥ 0,
∂2E∗∗eb
∂θ∂F

= −1 < 0, and
∂2I∗∗eb
∂θ∂F

= 1 > 0, suggesting similar results as what

we have in the equilibrium without agency concern.

The Effect of Agency Costs

Differentiating
∂E∗∗eb
∂θ

and
∂I∗∗eb
∂θ

, respectively, with respect to ρ, we have

∂2E∗∗eb
∂θ∂ρ

= 1
2
> 0, and

∂2I∗∗eb
∂θ∂ρ

= −1
2
< 0, indicating that the relationship between general

managerial skills and external (internal) investment is positively (negatively)

moderated by agency costs . These results yield

Proposition 4: In the equilibrium with agency concern, when a firm’s financial

slack is low enough such that the budget constraint is binding, agency costs positively

(negatively) moderate the relationship between general managerial skills and external

(internal) investment.

The intuition is the following: As stated above, when managers’ general

managerial skills θ go up, the marginal success probability of external investment
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Figure 2.2: The Moderating Effect of Agency Concern

goes up while that of internal investment goes down, leading to

MSP (E) > MSP (I). In this case, if there is an increase in agency costs, the

marginal success probability of external investment MSP (E) would further go up,

and that of internal investment MSP (I) would further go down, i.e., we now have

MSP (E) >> MSP (I). Given that we are on the left of a strictly concave function,

we would need a even larger increase in external investment and a larger decrease

internal investment to re-establish MSP (E) = MSP (I). Therefore, empire building

makes the impacts of general managerial skills on external and internal investments

become more pronounced.

2.3.4 Empirical Implications

Our model yields the following four empirical implications:
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The first empirical implication results from Proposition 1, which suggests the

following prediction: 1) Managers with more general managerial skills would choose

to invest more in external investment but less in internal investment, as long as

firms’ financial slack is not sufficiently high.

The second and third empirical implications concern the impacts of financial

slack on firms’ choice of investment strategies, which results from Propositions 2

and 3 respectively. Specifically, 2) all else being equal, with an increase in financial

slack, the manager would increase both external and internal investments. 3) Firm’s

financial slack negatively (positively) moderates the relationship between general

managerial skills and external (internal) investment.

The last empirical implication of the model regards the moderating effect of

agency concern. In particular, Proposition 4 implies the following: 4) Agency

concern positively (negatively) moderates the relationship between general

managerial skills and external (internal) investment.

2.4 Data and Variables

To test our model predictions, we develop a data set from five different sources

which bring together data on firms’ investment strategies, managers’ general

managerial skills, firms’ financial slack, agency concern, enforceability of

non-compete agreement. We start from publicly traded U.S. firms in Standard and

Poor’s Compustat Annual Files (Compustat) and match it to the Securities and

Data Corporation (SDC) Mergers and Acquisitions database to construct a measure

to capture firms’ tendency to adopt a certain investment strategy. We then merge it

with the general managerial skills index developed by Custodio, Ferreira, and Matos
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(2013). We obtain data on firms’ financial slack from Compustat, and data on

managers’ empire building from the Investor Responsibility Research Center

(IRRC). Furthermore, we use Execucomp to gather data on CEOs’ compensation

and incentives, as well as top management team (TMT)’s size and age. From IRRC,

we obtain governance characteristics on board independence, board size, and CEO

duality. We also rely on Compustat and SDC to obtain data on firm level controls

and M&As transaction level controls. Finally, we collect data on the indexes of

enforceability of non-compete agreement for U.S. states from Garmaise (2009). We

will use these indexes as an instrument for managers’ general managerial skills. Our

final sample consists of a panel of CEO-firm-years of S&P 1500 firms, over the

period 1996 - 2007, a total of 11,014 firm-year observations, including 1,655 firms

across 331 four-digit SIC industries.

2.4.1 Measuring Investment Strategy

First, firms can either adopt an external acquisition investment strategy or an

internal investment strategy. To distinguish these two types of investment

strategies, we need to construct a measure to capture whether a firm’s investment

strategy is externally orientated or internally orientated. Specifically, following Xue

(2007), we use a firm’s total spending in its M&A transactions divided by the total

fund available for both external and internal investments, to capture the extent to

which the firm adopts an externally orientated investment strategy. Hence, a firm’s

tendency to adopt external investment strategy is measured by the transaction

value of all the M&A transactions for firm i in year t, divided by firm i’s total
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equity outstanding at its market value at the beginning of year t, i.e.,

External Investment Strategyi,t =

∑
m Transaction V aluei,m,t

Equity Market V alue
i,t−1

,

where subscripts i, m, and t denote firm, M&As transactions, and year respectively;

Transaction V aluei,m,t represents the transaction value of firm i’s M&As

transaction m in year t; Equity Market V alue
i,t−1

is firm i’s market value of equity

in year t− 1.

2.4.2 Measuring General Managerial Skills

Second, we rely on the index of general managerial skills developed by Custodio,

Ferreira, and Matos (2013) to measure managers’ general managerial skills. In

particular, Custodio, Ferreira, and Matos use principal component analysis to

combine the following five different measures of managers’ professional career:

(1) The number of past positions which a CEO held during their career. If a

CEO has been involved in different organizational areas, such as financing,

marketing, or human resource, it would be more likely for the CEO to have more

general human capital than those who have stayed with very few positions.

(2) The number of firms that a CEO has worked for during their career. The

more firms that a CEO has worked for, the more likely that the CEO will have

experience in multiple organizations and industries, the more general human capital

the CEO would have acquired.

(3) The number of industries in which a CEO has worked in during their career.

If a CEO has worked in more industries, they will have accumulated more

transferable skills or general human capital rather than only industry-specific
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human capital.

(4) A dummy variable to capture whether a CEO held a CEO position at a

different firm. If a CEO has worked as a CEO in another firm, they would have

accumulated a substantial amount of general knowledge and skills during a CEO

tenure, which will increase their general human capital.

(5) A dummy variable to capture whether the CEO has worked for a

conglomerate during their career. If a CEO has worked for a conglomerate, they

would have gained experience, knowledge and skills with a diverse set of industries

and sub-organizations, which will increase the transferable knowledge and skills or

general human capital of CEOs.

We use the index of general managerial skills in the baseline regression analysis.

As a robustness check, we also use a dummy variable for CEO generalists, which

equals to one if a CEO’s general managerial skills index is above the median, and

zero otherwise, for robustness check.

2.4.3 Measuring Financial Slack

Third, we collect financial data from Compustat to compute how much financial

slack firms have. Specifically, we use earnings before depreciation and amortization

minus the change in working capital minus capital expenditure to capture a firm’s

financial slack (Podolski, 2016) in our baseline model. Alternatively, we use the

ratio of income before taxes and interest charges to interest charges to capture

firms’ financial slack (Bourgeois and Singh, 1983; Bromiley, 1991; Lungeana, Stern,

and Zajac, 2016), which reflects firms’ capability to take on further debt and their

financial slack available for investment.
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2.4.4 Measuring Agency Concern

Fourth, we collect data on agency cocern from IRRC database over the period 1990

- 2006. To what extent that managers can obtain private benefits depends on

whether firms have good governance or not. The stronger the firm governance, the

less empire building from the managers, the less private benefits for the managers.

Therefore, we use a corporate governance index, G-index, to measure to what extent

that the managers can do empire building within firms. Specifically, G-index was

developed by Gompers, Ishii, and Metrick (2003) and consists of 24 anti-takeover

and shareholder rights provisions. The higher the G-index, the weaker the firm

governance, the more the managers’ empire building.

2.4.5 Other Explanatory Variables

Finally, to explain firms’ choice of investment strategies, we include a vector of firm

characteristics, M&A transactions characteristics, TMT characteristics, as well as

corporate governance as controls in the baseline model. We obtain data from

Compustat, Execucomp, SDC, IRRC, BoardEx to compute these controls. All

variables are computed for firm i over its fiscal year t. Specifically,

(1) In the baseline regressions, control variables on firm characteristics include

profitability, ROA, measured by return on assets; Leverage, measured by total

debt-to-total assets; growth opportunity, Tobin’s Q ; and Firm Size, measured by

the firm’s market value.

(2) We control for the characteristics of M&A transactions. We include the

following control variables in the model specification: Tender Offer, a dummy

indicating whether there was a tender offer in the bid; Termination Fee, a dummy
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setting to one if there was a target termination fee in the agreement and zero

otherwise; and Deal Size, measured by the mean of all the acquisitions’ transaction

value in the previous years.

(3) We include TMT size, TMT age, CEO compensation and CEO ownership as

controls in the baseline regressions as well. The reason is as follows. The size of top

management team (TMT) is positively correlated with firms’ acquisition activities

(Lei and Hitt, 1995), and the average age of TMT also matters in firms’ acquisition

decisions (Lungeanu, Stern, and Zajac, 2016). Moreover, CEO compensation and

CEO ownership play role in firms’ make or buy decision (Xue, 2007; Francis and

Smith, 1995). We also control for CEO ownership, measured by whether the CEO

owns over 5% of firm shares, and CEO Incentive, measured by the proportion of

stock-based incentive pay in the CEO’s total compensation.

(4) We also control for the characteristics of corporate governance that might

affect firms’ investment decisions. Specifically, we include the following into the

model specification: Board Independence, measured by the ratio of outside directors;

Board Size, measured by the total number of board directors; and CEO Duality, a

dummy variable setting to one if the CEO was also the chairman of the board and

zero otherwise.

Detailed variable definitions are described in Table 2.1.

[Insert Table 2.1 here.]

2.4.6 Summary Statistics

We present summary statistics in Table 2.2. All data are annual. The time coverage

of the U.S. data is over the period 1996− 2007 (12 years). At four-digit SIC level,
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there are 331 industries with 11, 014 firm - year observations. In order to mitigate

the impact of outliers, we winsorize all variables at the 1st and 99th percentiles.

[Insert Table 2.2 here.]

Table 2.2 presents means, medians, standard deviations, 10th and 90th

percentiles for external investment, managers’ general managerial skills, firms’

financial slack, managers’ empire building (G - index), and a vector of control

variables.

First, our dependent variable, External Investment Strategy, measured by the

percentage of the market value that a firm invests in external acquisitions in a given

year, has a mean of 0.045, and a median of 0. Our main independent variable,

General Managerial Skills, is an index capturing managers’ general managerial

skills. The summary statistics for it has an average of −0.01, a median of −0.18,

and a standard deviation of 0.98. Another main independent variable, Financial

Slack, has a mean of 355.93 and a median of 88.17.

Second, regarding firm level controls, the average firm in our sample has return

on assets of 0.14, a Tobin’s Q of 1.97, a leverage ratio of 0.21, and firm size of

5917.98 million (measured by firms’ market value of equity).

Third, the four variables representing the characteristics of M&A transactions

have the following summary statistics: the dummy of whether there was a tender

offer in the deal has a mean of 0.01, and a median of 0; the dummy of whether there

is a target termination fee in the agreement has a mean of 0.027, and a median of 0;

the average previous deal size scaled by the annual sales of the acquiring firms has a

mean of 0.045, and a median of 0; the average number of previous acquisition deals

by year t has a mean of 0.33, and a median of 0.
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Finally, the variables capturing firms’ management and governance

characteristics have summary statistics as follows: firms’ TMT has an average age of

46, and average size of 6; CEO Ownership, a dummy representing whether a CEO

owns over 5% of shares of the firms, has a mean of 0.92, and a median of 1; CEO

Variable Incentive, representing the percentage of the variable payment out of

CEOs’ total payment, has a average value of 0.242, and a median of 0.08; CEO

Duality has mean of 0.71, and median of 1; Board Independence has a mean of 0.68,

and a median of 0.71; and the average board size is 8.

2.5 Main Findings

This section presents the main empirical findings in the paper. We begin by

establishing a positive relationship between managers’ general managerial skills and

external investment in line with the predictions of the model. Then we explore how

the relationship between general managerial skills and external investment strategy

varies with the changes in firms’ financial slack and agency concern respectively,

which is in a manner consistent with the model. Next, we discuss an instrumental

variable approach that allows us to recover the causal impact of changes in

managers’ general managerial skills on changes in external investment strategy.

Finally, we conduct additional tests to check if our results are robust to different

measures of managers’ general managerial skills.

2.5.1 General Managerial Skills and Investment Strategy

We first examine how general managerial skills affect firms’ choice between external

and internal investment strategies. Specifically, we estimate the following empirical
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relationship:

External Investment Strategyi,t = β0+β1·General Managerial Skillsi,t+γ·Zi,t+δt+αj+εi,t,

where External Investment Strategyi,t is firm i’s total spending in its M&A

transactions divided by its total available fund for investment in year t, capturing to

what extent firm i adopts an externally orientated investment strategy; General

Managerial Skillsi,t is the general managerial skills index for firm i’s CEO in year

t. We include Zi,t, δt, and αj as control variables in the model specification. Among

them, Zi,t is a vector of characteristics of firm i, its M&A transactions, as well as

the characteristics of its management team and corporate governance in year t; δt

represents year fixed effects and controls for changes in the macroeconomic

environment and systematic changes in external acquisition activities over time;

industry fixed effects, αj, based on four-digit SIC industry dummies, control for any

unobserved industry heterogeneity that is time invariant and affect firms’

investment strategies.

[Insert Table 2.3 here.]

We report our main empirical results in Table 2.3. In all specifications, we

control for year fixed effects and industry fixed effects. The standard errors are

adjusted for within-firm clustering. In column (1), the coefficient estimate on

General Managerial Skills is 0.007, which is significant at the 1% significance level.

This suggests a positive relationship between general managerial skills and external

investment. In column (2), we add ROA, Tobin’s Q, Leveragee, and Firm Size as
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firm level controls into the model specification. The results in column (2) show that

the coefficient of General Managerial Skills has a value of 0.005, which is significant

at the 1% significance level. In column (3), we further control for the characteristics

of M&A transactions that might affect firms’ tendency to use external investment

strategy. Specifically, we add Tender Offer, Termination Fee, Deal Size, and

Previous Acquisitions into the model specification. The coefficient estimate on

General Managerial Skills is 0.003, which is significant at the 5% significance level.

Column (4) presents the results when further including the control variables

representing management characteristics: TMT Size, TMT Age, CEO Ownership,

and CEO Variable Pay. The coefficient of General Managerial Skills remains

positive, which is significant at the 1% significance level. In column (5), we further

control for the characteristics of corporate governance which might affect firms’

tendency to use external investment strategy. In particular, CEO Duality, Board

Independence, and Board Size are added into the model specification. The results

show that the coefficient estimate on General Managerial Skills has a positive value

of 0.003, which is significant at the 5% significance level. Column (6) presents the

results when we control for firm fixed effects. The coefficient estimate on General

Managerial Skills remain positive and significant. In all, the results in Table 2.3

implies a positive relationship between general managerial skills and firms’ tendency

to adopt external investment strategy.

2.5.2 The Effects of Financial Slack

A prediction of our model is that the more financial slack a firm has, the more the

external and internal investments. We test this prediction by regressing external
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and internal investments on financial slack respectively, adding the same control

variables as in the baseline model. 9 The results are reported in Table 2.4.

[Insert Table 2.4 here.]

Columns (1) - (3) examine the impact of financial slack on external investment.

The dependent variable is external investment strategy. The coefficient estimate on

financial slack across all these three columns are positive and significant. Columns

(4) - (6) present the results of the regression of internal investment on financial

slack. The dependent variable is Internal Investment. The coefficient estimate on

financial slack across all these three columns are positive and significant as well.

The results presented in Table 2.4 suggest that there is a positive relationship

between financial slack and both external and internal investments.

Another prediction of our model is that the impact of general managerial skills

on a firm’s choice of investment strategies further hinges on the amount of financial

slack that a firm has. In particular, our model predicts that financial slack has a

negative moderating impact on the relationship between general managerial skills

and external investment strategy, as long as financial slack is not sufficiently high.

To investigate this prediction, we first include financial slack and its interaction

with general managerial skills into the baseline model specifications to examine the

moderating effect of financial slack. We report the results in columns (1) - (4) in

Table 2.5. We then split the sample into two sub-samples by the cut-off using either

9In the case of explaining multiple dependent variables, we need to use seemly unrelated linear
regression (SUR) because the error terms may be correlated across the equations of the system.
However, when all regressors in the equations are the same, OLS is as efficient as SUR (Davidson
and Mackinnon, 1999). Given that our two equations have exactly the same regresors, we choose to
apply OLS in our regressions.
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the mean or median of firms’ financial slack and report the results in columns (5)

and (6) in Table 2.5. We expect that when using the sub-sample below the mean of

financial slack, the effects of general managerial skills on firms’ external investment

would be positive and significant, while this impact would become insignificant

when using the sub-sample above the mean or the median of financial slack.

[Insert Table 2.5 here.]

In Table 2.5, all the standard errors are adjusted for within-firm clustering, and

we control for year and industry fixed effects. Column (1) considers the moderating

impact of financial slack by including the interaction of general managerial skills

and financial slack into the model specification, controlling for firm level

characteristics, year and industry fixed effects. As shown in column (1), the

coefficient estimate on General Managerial Skills* Financial Slack High is -0.007,

which is significant at the 5% significance level. Columns (2) - (4) further add M&A

transaction level characteristics, management and governance characteristics, and

control for firm fixed effects respectively. The coefficient estimates on General

Managerial Skills* Financial Slack High across all of these three columns remain

negative and significant. These results presented in columns (1) - (4) suggest a

negative moderating impact of financial slack on the relationship between general

managerial skills and external investment strategy, which provides consistent

support for our model predictions.

Columns (5) and (6) in Table 2.5 report the results when using the two
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sub-samples below and above the mean of financial slack respectively.10 In column

(5) when using the sub-sample below the mean of financial slack, the coefficient

estimate on General Managerial Skills is positve and significant. On the contrary,

column (6) is based on the sub-sample above the mean of financial slack, in which

the coefficient estimate on General Managerial Skills is negative and becomes

insignificant. These results suggest that when a firm’s financial slack is below the

mean of financial slack, there is a positive relationship between general managerial

skills and external investment, while this relationship becomes statistically

insignificant when the firm’s financial slack is above average. The results presented

in columns (5) and (6) are generally consistent with our model predictions.

2.5.3 The Effect of Agency Concern

Our model predicts that agency concern has a positive (negative) moderating

impact on the relationship between general managerial skills and external (internal)

investment strategy. We use corporate governance index to proxy agency costs

within firms. The stronger the firm governance, the less empire building from the

managers, and the less private benefits for the managers. In this subsection, we

provide evidence on the following question: Do agency costs lead managers with

certain general managerial skills to spend more (less) financial slack on external

(internal) investment? As our model predicts, we would expect for firms with better

governance (hence less agency costs) the positive relationship between general

managerial skills and external investment strategy becomes less pronounced.

To investigate this prediction, we begin by including the G-index and the

10As a robustness check, we split the sample by using the median of firms’ financial slack in our
sample and find the results are similar to the regressions based on splitting the sample at the mean
of financial slack.
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interaction of general managerial skills and G-index into our baseline model

specification. We report the results in columns (1) - (4) in Table 2.6. We then split

our sample by the mean of firms’ G-index and run the regression of external

investment on general managerial skills by using the two sub-samples respectively.11

The results are reported in columns (5) and (6) in Table 2.6.

[Insert Table 2.6 here.]

In Table 2.6, in all specifications we control for year and industry fixed effects,

and all the standard errors are adjusted for within-firm clustering. In column (1),

the coefficient estimate on General Managerial Skills* Gindex High is positive and

significant at the 5% significance level. Due to that high G-index means weak

governance and hence high private benefits for managers, this result implies a

positive moderating impact of managers’ private benefits on the relationship

between managers’ general managerial skills and external investment. Columns (2) -

(4) further control for firm level and M&As transaction level characteristics,

management and governance characteristics, as well as firm fixed effects. The results

presented across these three columns show that the coefficient estimate on General

Managerial Skills* Gindex High remains positive and significant. This again

provides support for a positive moderating effect of agency costs (proxied by

G-index ) on the relationship between general managerial skills and external

investment strategy. Columns (5) and (6) present the results when using the

sub-sample below the mean of G-index. The coefficient estimate on General

11As a robustness check, we split the sample by using the median of firms’ G-index in our sample
and find the results are similar.
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Managerial Skills in column (5) is negative but insignificant for the sub-sample

below the average, while this estimate becomes positive and significant in column

(6) for the sub-sample above the average. Putting together, these results provide

support for a positive moderating impact of agency concern on the relationship

between general managerial skills and external investment, which is consistent with

our model predictions.

2.5.4 Identification Strategy

One potential concern in the analysis presented above relates to the endogeneity of

managers’ general managerial skills. In general, some omitted factors like firm size

or industry profitability might jointly affect the accumulation of general managerial

skills, financial slack, and firms’ investment strategies (Veugellers and Cassiman,

1999; Shanley and Yin, 2008).

To address the potential endogeneity of managers’ general managerial skills, we

use an instrumental variable approach by exploiting the time-series and

cross-sectional variations in the enforceability of non-compete agreements across

different states in U.S. Using the index on the enforceability of non-compete

agreements as an IV relies on the assumption that this index should be related to

general managerial skills, but not to firms’ choice of investment strategies. To

ensure that the index is not confounded by state fixed effects, in which case it would

be invalid, we control for state fixed effects in the regressions.

We expect that the enforceability of non-compete agreement is positively

associated with managers’ general managerial skills. The reason is as follows. The

non-compete agreements are contracts that prevent employees from joining or
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creating a company in same or similar industries as their previous firms. In real

world, over 70% of the firms use non-compete agreements in the contracts with their

top executives (Garmaise, 2009; Bishara et al., 2015). The enforceability of the

non-compete agreements is different across different states within U.S. For the

states in U.S. with strong enforceability of non-compete agreements, top executives

will find it hard to switch to other jobs within same or similar industries, and this in

turn encourages between-industry transfers. By definition of the index of general

managerial skills, the more industries that managers have worked in, the more

general managerial skills they accumulate. Hence, there is a positive relationship

between the enforceability of the non-compete agreements and managers’ general

managerial skills.

We collect data on the enforceability of non-compete agreements from Garmaise

(2009) in which the index of the enforceability of non-compete agreements is

developed for each state in U.S. The index for all the states in U.S. ranges from a

minimum of 0 to a maximum of 9. Moreover, the data from BoardEx tracks career

for each CEO, which shows all the firms that the CEO has worked for, as well as the

head office addresses of these firms. Based on these data, we can compute the

average of the enforceability of non-compete agreements for a firm’s CEO in year t,

by averaging the indexes of the enforceability of non-compete agreements in all the

states that the CEO has worked by year t. The advantage of using this index on the

enforceability of non-compete agreements is that this index should be related to

general managerial skills, but not to firms’ investment strategies. Indeed, we expect

that there is a positive relationship between the index of the enforceability of

noncompete agreements and managers’ general managerial skill. The enforceability
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of non-compete agreements would essentially limit managers’ within-industry

transfers but encourage cross-industry transfers, which in turn can enhance

managers’ general managerial skills. Furthermore, the index of the enforceability of

non-compete agreements can only affect firms’ investment strategies through its

impact on managers’ general managerial skills.

[Insert Table 2.7 here.]

We report the main empirical results in Table 2.7. In all specifications, we

control for year and industry fixed effects. The standard errors are adjusted for

within-firm clustering. Column (1) presents the first stage regression results. In

particular, we regress managers’ general managerial skills on the index of

non-compete enforceability, controlling for the characteristics of firms, M&A

transactions, management team, and corporate governance. We also control for year

fixed effects and industry fixed effects in the estimation. In column (1), the

coefficient of Non-compete Enforceability is positive (0.046) and significant at the

1% level. The F-value is 92.19, which is well above the conventional level of 10 (

Stock and Yogo, 2005). These results suggest that the non-compete enforceability

index as the instrument is correlated with the endogenous explanatory variable,

general managerial skills, and this instrument is not weak.

Columns (2) - (4) reports the results of the second stage regressions. Specifically,

in column (2), we regress the tendency to use the strategy of external investment on

the predicted value of managers’ general managerial skills from the first stage,

controlling for the characteristics of firms, M&A transactions, management team,

and corporate governance. Column (2) shows that the coefficient estimate on
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General Managerial Skills (Fitted) is 0.020, which is positive and significant at the

5% significance level, suggesting a positive impact of managers’ general managerial

skills on external investment strategy. In columns (3) and (4), we further control for

year fixed effects, industry fixed effects, and state fixed effects respectively. The

coefficient of General Managerial Skills (Fitted) remains positive and significant

These results provide empirical support for that managers with more general

managerial skills are more likely to adopt external investment strategy.

Moreover, to investigate how the relationship between general managerial skills

and external investment varies with firms’ financial slack, we split the sample by the

mean of financial slack, rerun the second stage of IV regression using the two

sub-samples, and report the results in columns (5) and (6) respectively. Specifically,

in column (5) when the sub-sample below the mean of financial slack is used.12, the

coefficient estimate on General Managerial Skills (Fitted) is positive and significant

at the 1% significance level. In contrast, in column (6) when the sub-sample above

the mean of financial slack is used, the coefficient estimate on General Managerial

Skills (Fitted) becomes insignificant. To sum up, the abovementioned results

suggest that general managerial skills have a causal positive impact on external

investment strategy, which is true when the firm’s financial slack is below the

average of financial slack. Again these results provide consistent support for our

model predictions.

12we also use the median of financial slack to split the sample and obtain qualitatively similar
results.
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2.6 Robustness Checks

To test whether the main results are robust to different measures for general

managerial skills, we construct a dummy variable for general managerial skills and

rerun the baseline regression as in Table 3. Specifically, the dummy variable for

generalist CEO is set to be one if a CEO’s general managerial skills index is above

the median and zero otherwise. We report the results in Table 2.8.

[Insert Table 2.8 here.]

In Table 2.8, in all specifications, we control for year fixed effects and industry

fixed effects, and all the standard errors are adjusted for within-firm clustering.

Specifically, in column (1), the coefficient estimate on General Managerial Skills

(dummy) is 0.011, which is significant at the 1% significance level. This suggests a

positive relationship between general managerial skills and external investment

strategy. In columns (2)− (5), we add firm level and M&A transaction level

characteristics, and management and governance characteristics respectively, the

coefficient estimate on General Managerial Skills (dummy) remain positive and

significant. Column (6) further controls for firm fixed effects and the positive

relationship between general managerial skills and external investment strategy

remains significant. In all, the results presented in Table 2.8 suggest that our main

results still holds when we use managers’ general managerial skills as a dummy.

2.7 Conclusion

This paper develops a model investigating how managerial human capital affects

firms’ choice of growth strategies, and how firms’ financial slack and agency costs
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moderate the relationship between managerial human capital and firm growth. In

the model, a firm’s manager, with certain general managerial skills, needs to

allocate a given amount of financial slack to external and internal investments. We

characterize the equilibrium levels for both external and internal investments.

Simple comparative statics analysis shows that when firms are cash constrained,

general managerial skills increase external investment and decrease internal

investment. Moreover, the model suggests that firms’ financial slack has a negative

(positive) moderating impact on the relationship between general managerial skills

and external (internal) investment strategy. In contrast, agency costs positively

(negatively) moderate the relationship between general managerial skills and

external (internal) investment strategy.

Our empirical analysis using U.S. data provides clear evidence that there is a

positive relationship between general managerial skills and external investment

strategy, which is negatively moderated by firms’ financial slack. Moreover, the

positive impact of general managerial skills on external investment strategy becomes

more pronounced for firms with weaker governance and hence higer agency costs.

We address the potential endogenous concern with general managerial skills by

using the enforceability of non-compete agreements across different states in U.S.

The IV regressions clearly uncovers a causal impact of general managerial skills on

external investment strategy. Finally, our additional tests show that our results are

robust to different measures for general managerial skills.

The future research of this paper is to relax the static game assumption. In a

dynamic game, financial slack that a firm has would no longer be exogenous. Firms’

investment strategies would affect the accumulation of firms’ financial slack through
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its impact on firm profit. As a result, the game in the model would become

dynamic, and financial slack would be endogenously determined by firms’

investment strategies in previous periods.
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Table 2.1: Variable Definitions

This table presents the definitions for the variables used in our empirical analysis. All
variables are measured annually at the firm level, except for industry competition which is
measured at the industry level.

Variables Definitions

External Invest-
ment Strategy

The total transaction value of firm i’s acquisitions in year t divided by
the firm’s equity value of equity at the beginning of year t.

General Manage-
rial Skills

It is an index measuring CEO’s general managerial skills in a firm in a
given year.

Financial Slack
It is defined as earnings before depreciation and amortization less the
change in working capital less capital expenditure.

Financial Slack
High

A dummy variable setting to 1 if a firm’s financial slack is above the
average and otherwise zero.

ROA
Operating income before depreciation divided by book value of total
assets, measured at the end of fiscal year.

Tobin’s Q
The ratio of the market value of a company’s assets divided by its book
value.

Leverage
Book value of debt divided by book value of total assets measured at
the end of fiscal year.

Firm Size The market value of a firm at the end of fiscal year.
Tender Offer A dummy variable setting to one if it is a tender offer, otherwise zero.

Termination Fee
A dummy variable setting to 1 if there was a target termination fee in
takeove agreement, otherwise zero.

Deal Size
The transaction value of the previous acquisition deals that a firm has
at the beginning the fiscal year.

Previous Acquisi-
tions

The number of previous acquistions that a firm has at the beginning of
the fiscal year.

TMT Size
The number of members in the top management team for a firm at the
end of the fiscal year.

TMT Age
The average age of the top management team members for a firm at the
end of fiscal year.

CEO Ownership
A dummy variable setting to 1 if a firm’s CEO owns over 5% of shares
in a given year, otherwise zero.

CEO Incentive
The proportion of variable salaries of the total compensation for the
CEO in a firm in a given year.

CEO Duality
A dummy variable setting to 1 if a firm’s CEO is also the chairman of
its board and zero otherwise in a given year, otherwise zero.

Board Indepen-
dence

The ratio of outside directors of the total board directors in a given year.

Board Size The number of directors in a firm’s board in a given year.

G-index High
A dummy variable setting to 1 if a firm’s G-index is above the average
and otherwise zero.



51

Table 2.2: Summary Statistics

This table reports summary statistics for variables constructed using a sample of U.S.
public firms from 1996-2007. All variables are measured annually at the firm level. Variable
definitions are provided in Table 2.1.

Variables 10% Pctile. Mean Median 90% Pctile. Std. Dev. Obs.

External Investment
Strategy

0 0.0448 0 0.1200 0.1414 11,014

General Managerial
Skills

-1.0844 -0.0095 -0.1823 1.3128 0.9827 11,014

Financial Slack -32.072 355.93 88.17 1020.64 848.011 11,014
ROA 0.033 0.139 0.132 0.247 0.095 10,858
Tobin’s Q 1.050 1.969 1.528 3.391 1.368 11,013
Leverage 0.000 0.216 0.209 00.431 0.170 10, 978
Firm Size 373.547 5917.985 1811.697 14,507.42 12020.57 11,013
Tender Offer 0 0.010 0 0 0.093 11,014
Termination Fee 0 0.027 0 0 0.152 11,014
Deal Size 0 0.045 0.071 0.124 0.506 11,014
Previous Acquisitions 0 0.325 0 1 0.752 11,014
TMT Size 5 6.09 6 8 1.300 11,014
TMT Age 24 46.396 50.833 60.5 13.924 10. 906
CEO Ownership 1 0.928 1 1 0.257 11,014
CEO Incentive 0 0.242 0.198 0.553 0.213 11,014
CEO Duality 0 0.716 1 1 0.450 11,014
Board Independence 0.428 0.68 0.71 0.89 0.178 11,014
Board Size 5 8.155 8 12 2.692 11,014
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Table 2.3: General Managerial Skills and External Investment Strategy

This table presents coefficients estimates of regressions which examine the effect of managers’ general managerial

skills on firms’ tendency to adopt external investment strategy. The dependent variable is External Investment

Strategy, capturing a firm’s tendency to adopt external investment strategy. Column (1) presents the results with

year and industry fixed effects, and column (2) includes firm level controls. Column (3) presents the results by

including the characteristics of M&As. Columns (4) and (5) include the characteristics of management team and

corporate govenrance as control variables. Column (6) further controls for firm fixed effects. The sample period is

from 1996-2007. All variables are defined in Table 2.1. The t-statistics reported in parentheses below the coefficient

estimates are based on standard errors adjusted for within-firm clustering. Significance at the 10%, 5%, and 1% level

is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)
General Managerial Skills 0.007*** 0.005*** 0.004** 0.004*** 0.003** 0.003*

(0.001) (0.001) (0.001) (0.001) (0.002) (0.002)
ROA 0.016** 0.014** 0.009 0.014 0.006

(0.075) (0.007) (0.007) (0.018) (0.031)
Tobin’s Q -0.002*** -0.001* -0.001** -0.002 -0.002

(0.000) (0.000) (0.000) (0.001) (0.002)
Leverage 0.026*** 0.021*** 0.022*** 0.045*** 0.039**

(0.006) (0.007) (0.006) (0.011) (0.018)
Firm Size 0.000*** 0.000*** 0.000*** 0.000*** 0.000**

(0.000) (0.000) (0.000) (0.000) (0.000)
Tender Offer 0.098*** 0.096*** 0.085 *** 0.073**

(0.022) (0.022) (0.029) (0.032)
Termination Fee 0.241*** 0.241*** 0.023*** 0.234***

(0.015) (0.015) (0.017) (0.019)
Deal Size -0.003** -0.004*** -0.004** -0.004**

(0.001) (0.001) (0.002) (0.002)
Previous Acquisitions 0.015*** 0.015*** 0.015*** -0.005

(0.002) (0.002) (0.003) (0.003)
TMT Size -0.000 0.000 -0.000

(0.000) (0.000) (0.001)
TMT Age 0.000 0.000 0.000

(0.000) (0.000) (0.000)
CEO Ownership -0.004 -0.004 -0.002

(0.005) (0.006) (0.008)
CEO Incentive 0.018*** 0.014** 0.003

(0.005) (0.007) (0.009
CEO Duality 0.001 0.002

(0.003) (0.004)
Board Independence -0.005 -0.011

(0.009) (0.015)
Board Size 0.001 0.000

(0.000) (0.001)

Year Fixed Effects Yes Yes Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes Yes No
Firm Fixed Effects No No No No No Yes
Clusters 2,607 2,536 2,536 2,513 1, 603 1, 603
Observations 19,635 19,210 19,210 18,698 10,719 10,719
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Table 2.4: The Effects of Financial Slack on Investment Strategies

This table presents coefficients estimates of regressions which examine the impacts of financial slack on external and

internal investment strategies respectively. The dependent variables in columns (1) - (3) and columns (4) -(6) are

external and internal investment strategies respectively. Columns (1) - (3) present the regressions of financial slack

on external investment strategy. Columns (4) - (6) report the results investigating the impact of financial slack on

internal investment strategy. The sample period is from 1996-2007. All variables are defined in Table 2.1. The t-

statistics reported in parentheses below the coefficient estimates are based on standard errors adjusted for within-firm

clustering. Significance at the 10%, 5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Financial Slack 0.0346** 0.066*** 0.040* 0.103*** 0.120*** 0.043***
(0.017) (0.021) (0.020) (0.016) (0.013) (0.010)

General Managerial Skills 0.008*** 0.004** 0.005 0.003** 0.003** -0.000*
(0.003) (0.002) (0.003) (0.001) (0.001) (0.000)

ROA -0.098*** -0.029 -0.284*** -0.029*
(0.028) (0.047) (0.023) (0.016)

Tobin’s Q 0.002 0.001 0.019*** 0.004***
(0.002) (0.003) (0.002) (0.001)

Leverage 0.006 0.037* -0.055*** -0.003
(0.012) (0.021) (0.009) (0.008)

Firm Size 0.000*** 0.000** 0.000*** 0.000**
(0.000) (0.000) (0.000) (0.000)

Tender Offer 0.050 -0.007
(0.037) (0.004)

Termination Fee 0.225*** 0.001
(0.027) (0.003)

Deal Size -0.001 0.004
(0.008) (0.007)

Previous Acquisitions 0.005 -0.000
(0.004) (0.001)

TMT Size -0.000 0.000
(0.001) (0.000)

TMT Age -0.000 -0.000
(0.000) (0.000)

CEO Ownership -0.007 0.001
(0.010) (0.002)

CEO Incentive 0.000 0.000
(0.011) (0.002)

CEO Duality 0.005 -0.002*
(0.005) (0.001)

Board Independence -0.009 0.001
(0.017) (0.004)

Board Size 0.002* 0.001*
(0.000) (0.000)

Year Fixed Effects No No Yes No No Yes
Firm Fixed Effects No No Yes No No Yes
Clusters 1,328 1,327 1,324 848 847 846
Observations 7,753 7,729 7,654 4,681 4,658 4,603
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Table 2.5: The Moderating Effect of Financial Slack

This table presents coefficients estimates of regressions which examine the moderating impacts of financial slack on

the relationship between general managerial skills and external investment strategy. Columns (1) - (4) present the

regressions investigating the moderating effect of financial slack on the relationship between general managerial skills

and external investment strategy Columns (5) and (6) consider the moderating impact of financial slack by using

sub-sample below and above the mean of financial slack respectively. The sample period is from 1996-2007. All

variables are defined in Table 2.1. The t-statistics reported in parentheses below the coefficient estimates are based

on standard errors adjusted for within-firm clustering. Significance at the 10%, 5%, and 1% level is indicated by *,**,

***, respectively.

Variables (1) (2) (3) (4) (5) (6)
General Managerial Skills 0.007*** 0.006*** 0.006*** 0.010* 0.011* -0.000

(0.002) (0.002) (0.002) (0.004) (0.005) (0.006)
Financial Slack High 0.017*** 0.013*** 0.014*** 0.010**

(0.004) (0.004) (0.004) (0.006)
General Managerial Skills -0.007** -0.007** -0.006** -0.010*
×FinancialSlackHigh (0.003) (0.003) (0.003) (0.005)
ROA 0.004 0.010 0.009 0.005 0.010 -0.020

(0.019) (0.017) (0.017) (0.018) (0.036) (0.084)
Tobin’s Q -0.002 -0.001 -0.002 -0.000 -0.000 -0.000

(0.001) (0.001) (0.001) (0.001) (0.003) (0.006)
Leverage 0.050*** 0.042*** 0.042*** 0.040** 0.040* 0.010

(0.011) (0.010) (0.012) (0.010) (0.023) (0.035)
Firm Size 0.000*** 0.000*** 0.000*** 0.000* 0.000 0.000*

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Tender Offer 0.085*** 0.084*** 0.070** 0.060 0.090*

(0.029) (0.029) (0.033) (0.049) (0.047)
Termination Fee 0.232*** 0.233*** 0.230*** 0.210*** 0.260***

(0.017) (0.018) (0.020) (0.035) (0.027)
Deal Size -0.003** -0.003*** -0.000** -0.000 0.040*

(0.001) (0.001) (0.002) (0.004) (0.022)
Previous Acquisitions 0.015*** 0.015*** 0.000 -0.010 -0.010

(0.003) (0.003) (0.004) (0.004) (0.008)
TMT Size -0.001 -0.000 -0.001 -0.000

(0.001) (0.002) (0.002) (0.003)
TMT Age 0.000 -0.000 -0.000 -0.000

(0.000) (0.000) (0.000) (0.000)
CEO Ownership -0.000 -0.010 0.010

(0.008) (0.010) (0.014)
CEO Incentive 0.000 0.000 0.010

(0.009) (0.011) (0.017)
CEO Duality 0.000 0.010* -0.010

(0.004) (0.005) (0.009)
Board Independence -0.010 -0.020 -0.000

(0.015) (0.019) (0.029)
Board Size 0.000 0.000 0.000

(0.001) (0.002) (0.002)
Year Fixed Effects Yes Yes Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes No No No
Firm Fixed Effects No No No Yes Yes Yes
Clusters 1,604 1,604 1,603 1,603 1,208 926
Observations 10,824 10,824 10,719 10,719 6,337 4,382



55

Table 2.6: The Moderating Effect of Agency Concern

This table presents coefficients estimates of regressions which examine the effect of managers’ empire building on

external investment strategy. The dependent variable is external investment strategy. Columns (1) - (4) report the

results investigating the moderating impact of agency concern, proxied by G-index. Columns (5) and (6) present the

regression results using sub-samples below and above the median of G-index respectively. All variables are defined

in Table 2.1. The t-statistics reported in parentheses below the coefficient estimates are based on standard errors

adjusted for within-firm clustering. Significance at the 10%, 5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)
General Managerial Skills -0.002 -0.003 -0.003 -0.000 -0.000 0.010*

(0.003) (0.004) (0.004) (0.010) (0.014) (0.007)
Gindex High -0.004 -0.006 -0.009* -0.020

(0.005) (0.005) (0.005) (0.014)
General Managerial Skills 0.009** 0.010** 0.009** 0.010*
×GindexHigh (0.004) (0.005) (0.004) (0.005)
ROA 0.011 0.008 0.010 0.070 0.110

(0.027) (0.025) (0.052) (0.085) (0.083)
Tobin’s Q -0.004** -0.003 -0.000 -0.000 0.000

(0.002) (0.002) (0.003) (0.005) (0.004)
Leverage 0.048*** 0.043*** 0.030 0.020 0.020

(0.018) (0.016) (0.037) (0.047) (0.055)
Firm Size 0.000*** 0.000*** 0.000 0.000 0.000

(0.000) (0.000) (0.000) (0.000) (0.000)
Tender Offer 0.079* 0.070 0.040 0.090

(0.047) (0.065) (0.119) (0.079)
Termination Fee 0.249*** 0.270*** 0.350*** 0.230***

(0.033) (0.045) (0.092) (0.054)
Deal Size -0.006 0.010 0.030* -0.000

(0.005) (0.009) (0.019) (0.006)
Previous Acquisitions 0.016*** 0.000 0.000 0.000

(0.004) (0.006) (0.012) (0.007)
TMT Size -0.000 -0.000 -0.001

(0.001) (0.005) (0.003)
TMT Age -0.000 -0.000 -0.000

(0.000) (0.000) (0.000)
CEO Ownership 0.020 -0.020 0.030**

(0.012) (0.026) (0.013)
CEO Incentive 0.010 -0.010 0.010

(0.017) (0.027) (0.025)
CEO Duality 0.000 0.010 -0.010

(0.009) (0.016) (0.011)
Board Independence -0.030* -0.060* -0.010

(0.015) (0.024) (0.045)
Board Size 0.000 0.000 0.000

(0.003) (0.005) (0.003)
Year Fixed Effects Yes Yes Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes No No No
Firm Fixed Effects No No No Yes Yes Yes
Clusters 1,439 1,415 1,413 1,413 671 923
Observations 4,706 4,633 4,582 4,582 1,772 2,810



56

Table 2.7: General Managerial Skills and External Investment Strategy: IV Regression

This table presents coefficients estimates of 2SLS regressions using. The dependent variable is External Investment

Strategy. Noncompete Enforceability Index is used as an instrument for managers’ general managerial skills. The

sample period is from 1996-2007. Columns (1) - (4) present the results of first and second stages of IV regressions.

Columns (5) and (6) report the results of second stage when using the subsamples below cut and above cut respectively.

All variables are defined in Table 2.1. The t-statistics reported in parentheses below the coefficient estimates are based

on standard errors adjusted for within-firm clustering. Significance at the 10%, 5%, and 1% level is indicated by *,**,

***, respectively.

Variables (1) (2) (3) (4) (5) (6)
Non-compete Enforceability 0.046***

(0.006)
General Managerial Skills (Fitted) 0.020** 0.021** 0.016* 0.253*** 0.007

(0.010) (0.010) (0.010) (0.014) (0.026)
ROA -0.165 0.008 0.006 0.016 0.004 0.156

(0.233) (0.023) (0.022) (0.020) (0.021) (0.140)
Tobin’s Q -0.009 -0.001 -0.001 -0.000 -0.001 -0.007

(0.017) (0.001) (0.001) (0.001) (0.001) (0.006)
Leverage 0.283* 0.007 0.008 0.013 0.017 0.014

(0.142) (0.013) (0.013) (0.014) (0.019) (0.033)
Firm Size 0.000** 0.000* 0.000* 0.000** 0.000** 0.000

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Tender Offer -0.076 0.039 0.039 0.038 0.004 0.126*

(0.122) (0.036) (0.036) (0.031) (0.032) (0.065)
Termination Fee 0.055 0.230*** 0.230*** 0.212*** 0.216*** 0.193***

(0.090) (0.026) (0.026) (0.028) (0.037) (0.051)
Deal Size -0.008 -0.003* -0.003* -0.003** -0.001 0.030

(0.010) (0.002) (0.002) (0.001) (0.001) (0.051)
Previous Acquisitions 0.021 0.018*** 0.018*** 0.008** 0.009** -0.004

(0.019) (0.003) (0.003) (0.003) (0.004) (0.008)
TMT Size 0.034** 0.000 0.000 -0.000 -0.003 0.007

(0.015) (0.001) (0.001) (0.001) (0.002) (0.004)
TMT Age -0.003* 0.000 0.000 0.000 0.000 0.000

(0.001) (0.000) (0.000) (0.000) (0.000)
CEO Ownership -0.026 0.003 0.002 0.003 -0.004 0.047

(0.055) (0.007) (0.008) (0.008) (0.009) (0.032)
CEO Incentive -0.009 0.016 0.016 0.014 0.007 0.027

(0.081) (0.010) (0.011) (0.010) (0.011) (0.041)
CEO Duality 0.120* -0.004 -0.003 -0.004 -0.005 -0.013

(0.059) (0.005) (0.005) (0.004) (0.004) (0.015)
Board Independence 0.243* 0.004 0.004 -0.005 -0.008 -0.020

(0.122) (0.014) (0.014) (0.015) (0.017) (0.031)
Board Size 0.032** 0.000 0.000 0.001 0.000 0.003

(0.013) (0.001) (0.001) (0.001) (0.001) (0.002)
Year Fixed Effects Yes No Yes Yes Yes Yes
Industry Fixed Effects Yes No No Yes Yes Yes
State Fixed Effects Yes No No Yes Yes Yes
Clusters 1,430 1,430 1,430 1,430 898 532
Observations 8,700 8,700 8,700 8,700 4,898 3,802
F- test 92.19
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Table 2.8: General Managerial Skills As a Dummy and External Investment Strategy

This table presents coefficients estimates of regressions which examine the effect of managers’ general managerial skills

on firms’ investment strategies. The dependent variable is External Investment Strategy. Column (1) presents the

results with year and industry fixed effects, and column (2) includes firm level controls. Column (3) presents the results

by including the characteristics of merger and acquisition transactions. Columns (4) and (5) include the characteristics

of management team and corporate govenrance as control variables. Column (6) further controls for firm fixed effects.

The sample period is from 1996-2007. All variables are defined in Table 2.1. The t-statistics reported in parentheses

below the coefficient estimates are based on standard errors adjusted for within-firm clustering. Significance at the

10%, 5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)
General Managerial Skills 0.011*** 0.006* 0.006** 0.005* 0.005* 0.011**
(Dummy) (0.003) (0.003) (0.002) (0.002) (0.003) (0.005)
ROA 0.014 0.017 0.013 0.012 0.007

(0.019) (0.017) (0.018) (0.018) (0.031)
Tobin’s Q -0.002* -0.002 -0.002 -0.001 -0.002

(0.001) (0.001) (0.001) (0.001) (0.002)
Leverage 0.054*** 0.047*** 0.047*** 0.046*** 0.039**

(0.011) (0.010) (0.010) (0.010) (0.011)
Firm Size 0.000*** 0.000*** 0.000*** 0.000*** 0.000**

(0.000) (0.000) (0.000) (0.000) (0.000)
Tender Offer 0.087*** 0.085*** 0.085 *** 0.073**

(0.029) (0.029) (0.029) (0.032)
Termination Fee 0.233*** 0.234*** 0.234*** 0.234***

(0.017) (0.018) (0.018) (0.019)
Deal Size -0.003** -0.004*** -0.004** -0.004**

(0.001) (0.001) (0.002) (0.002)
Previous Acquisitions 0.015*** 0.015*** 0.015*** -0.005

(0.003) (0.003) (0.003) (0.004)
TMT Size -0.000 -0.000 -0.001

(0.001) (0.001) (0.001)
TMT Age 0.000 0.000 -0.000

(0.000) (0.000) (0.000)
CEO Ownership -0.003 -0.003 -0.001

(0.006) (0.006) (0.007)
CEO Incentive 0.014** 0.014** 0.003

(0.007) (0.007) (0.009)
CEO Duality 0.001 0.002

(0.003) (0.004)
Board Independence -0.004 -0.011

(0.009) (0.015)
Board Size 0.001 0.000

(0.007) (0.001)

Year Fixed Effects Yes Yes Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes Yes Yes
Firm Fixed Effects No No No No No Yes
Clusters 2,607 2,536 2,536 2,513 1, 603 1, 603
Observations 19,635 19,210 19,210 18,698 10,719 10,719
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Chapter 3

Corporate Social Responsibility under Imperfect

Regulatory Oversight 1

3.1 Introduction

Milton Friedman famously argued that “there is one and only one social

responsibility of business - to use its resources and engage in activities designed to

increase its profits so long as it stays within the rules of the game [...]”(Friedman

1963, p.133). In his view, it is the regulator’s job to ensure the appropriate behavior

of profit-maximizing firms by setting proper rules and regulations, rather than

firms’ responsibility to determine and implement their notion of socially responsible

behavior. Implicit in this argument is the assumption that the government or

regulatory body is able to ensure appropriate behavior by firms. But what happens

if the regulator is unable to monitor firm behavior effectively? Would a

profit-maximizing firm ever find it optimal to engage in corporate social

responsibility (CSR) when regulatory oversight were imperfect? More generally, how

is the quality of regulatory oversight connected to the presence of CSR? These

questions are the central focus of this paper.

To study these questions, we develop and test a model in which regulators, firms

1This chapter is co-authored with Jean-Etienne de Bettignies and David T. Robinson.
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and employees interact. In our model, a firm hires a worker who takes an action

(e.g. a pollution level) which unavoidably imposes negative externalities on the rest

of society. The role of the regulator is to set a regulatory threshold that balances

the firm’s profits against the social costs of these negative externalities. The firm is

a standard profit-maximizer, and it has three main decisions to make. First, it

decides whether to comply with the regulation and impose the regulatory threshold

on its worker; or to “cheat”and impose a looser threshold inside the organization,

anticipating that cheating will only be caught with some probability that reflects

the quality of regulatory oversight. Second, the firm decides whether to hire a

self-interested worker who cares only about his compensation; or a socially

responsible worker who also derives utility from taking actions that increase social

welfare.2 Third, the firm decides which action to elicit from the hired worker.

When the regulator possesses the ability to monitor firm compliance with

sufficient effectiveness, she can ensure that firms comply with regulatory standards

that approach - or even possibly reach - the socially optimal level. When this

occurs, the firm is indifferent between the two types of worker and the action

selected inside the organization in equilibrium exactly equals the regulatory ceiling.

Thus in this case the firm exactly follows Friedman’s dictum: it acts within the law

but at the limit of what the law allows. It does not engage in CSR, or if it did, it

would be empirically undetectable, because pro-social and self-interested workers

behave exactly the same way.

In contrast, when the regulator does not have the ability or resources to

effectively monitor firm compliance, she must adopt a regulatory threshold that is

2For expositional convenience, we refer to the regulator as “she”, to the firm as “it”, and to the
workers as “he”.
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lax relative to the social optimum in order to ensure firm compliance. In those

instances, it becomes optimal for the firm to hire the responsible worker and to let

him enjoy extra utility by selecting an action that produces fewer externalities than

the law permits; capturing these rents through lower wages. Indeed in those cases

the firm does engage in CSR, over-complying with regulation and producing strictly

fewer externalities than required by law.

Several empirical implications emerge from our model. The key prediction is that

all else equal, the effectiveness of regulatory oversight should be negatively related

to the level of CSR that firms adopt. Testing this prediction is challenging, however,

because the correlation between the degree of regulatory oversight and CSR is also

presumably affected by other factors that might make them appear to be

complementary, even if on the margin they are substitutes as our model predicts.

Indeed, recent work by Liang and Renneboog (2016) finds that the average level of

CSR in a country is highly correlated with its legal origin: civil-law countries, where

state intervention is more common, outscore common-law countries, where a

markets-based approach is more common. This is consistent with the view that, at

least cross-sectionally, demand for environmental stewardship simultaneously drives

higher levels of regulation and higher levels of CSR. But our model makes

predictions about ceteris paribus effects: clearly, exogenous shocks to the regulatory

environment are required to test our model’s empirical implications.

To that end, we develop two sets of empirical tests based on plausibly exogenous

variation in the monitoring ability of the regulatory environment. Our first set of

tests follows Krüger (2015) and exploits a shock in UK reporting standards

surrounding green house gas (GHG) emissions. In 2012, the UK government
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imposed a mandatory GHG emissions disclosure policy on all firms operating in the

UK. This corresponds to an increase in regulatory oversight in our environment.

Using a difference-in-difference strategy in which we compare UK with similar

non-UK firms before and after the policy ruling, we find that after the 2012

mandatory disclosure policy, UK firms on average had lower corporate social

responsibility ratings compared to firms from the other 15 European countries,

which did not have a mandatory disclosure policy in place. The negative and

significant effect of mandatory disclosure on CSR is consistent with the main

prediction of our model.

Our second set of tests uses US data and relies on the fact that changes in the

degree of outsourcing across industries have differentially changed regulators’

monitoring ability. The central argument is that it may be more difficult for a

regulator to monitor firms that offshore a large fraction of their activities; because

these firms face less regulatory oversight as a result they may choose higher levels of

CSR. Here again we find evidence consistent with the model: our results show a

positive relationship between industry-level foreign outsourcing and firms’ average

corporate social responsibility in that industry.

Our model is related to the literature exploring motivations for firms to engage in

CSR. In the labor market, CSR may serve as a screening (Brekke and Nyborg,

2004) or signalling (Greening and Turban, 2000) mechanism to attract desirable

employees; as entrenchment by inefficient managers protecting their jobs (Cespa and

Cestone, 2007); or as a strategy to extract rents from socially responsible worker

(Bettignies and Robinson, 2018). Alternatively, CSR may emerge through a product

market channel as a result of optimal managerial incentive design (Baron, 2008), of
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competition in these markets (Arora and Gangopadhay, 1995; Bagnoli and Watts,

2003; Besley and Ghatak, 2007; Galasso and Tombak, 2014), or of reputation

insurance (Minor 2015; Minor and Morgan 2013). Finally, CSR may stem from

political motivations, as a hedging response to a threat posed by the “politician”

who could be an activist (Baron, 2001; Baron, 2009; Baron and Diermeier, 2007;

Lyon and Maxwell, 2011) or a lobbyist influencing government policy (Lyon and

Maxwell, 2004; Maxwell et al., 2000).

Perhaps most closely related to our paper are the works of Bettignies and

Robinson (2018) and Krüger (2015). Our model of CSR motivated by

rent-extraction from socially responsible workers under inefficient regulatory ceilings

builds on Bettignies and Robinson’s (2018) model, but in their work the inefficient

ceilings emerge from ex ante lobbying to a government caring not only about social

welfare but also about influence payments. Here, in contrast, the inefficiently high

ceilings result from imperfect regulatory oversight. Our empirical analysis builds on

Krüger (2015) in its use of the UK’s mandatory disclosure policy as a quasi-natural

experiment; but remains distinct from his in two main ways. Most notably, he

examines how mandatory GHG emissions disclosure affects firm value, while our

interest is in how it affects CSR. In addition, while Krüger (2015) interprets the

mandatory disclosure policy as an indirect reduction in GHG emissions, we focus on

its more direct role as a change in regulatory oversight.

Overall, our work contributes to the literature by bringing together 1) a novel

theory of inefficient regulatory oversight and its effects on the CSR in organizations;

and 2) an empirical analysis providing support for the main predictions of our

model, using a variety of datasets and methods.



3.2. MODEL SETUP 63

The paper is organized as follows. Section 4.3 presents the basic elements of the

model. Section 3.2 derives the regulatory ceiling, the firm’s compliance decision and

hiring choice, and the worker’s action selection, in equilibrium. Section 3.4 examines

the endogenous emergence of CSR in the firm, and the role of regulatory oversight.

Section 3.5 presents the main empirical analysis, while Section 3.6 explores

additional empirical implications from the model. Section 3.7 concludes.

3.2 Model Setup

The basic elements of the model can described as follows.

Firm. A firm is looking to hire a worker, whose choice of action a ∈ R+ is

expected to affect the firm’s profits. Action a is costless to the worker. As we make

clear below, its main characteristic is that it imposes a negative externality on

citizens. The amount of pollution that a firm emits, or the price it charges to

consumers, for example, are natural interpretations of a.

The firm’s expected profits π (a) are positive, continuously differentiable over R+

and strictly concave in a, with dπ
da

(0) > 0 and dπ
da

(x) < 0 for some x ∈ R++. Hence

there exists a unique aπ = arg maxπ (a) > 0, such that the firm’s expected profits

are maximized. These expected profits are gross of possible compensation for the

worker.

Citizens. Citizens do not take actions in this model, but are negatively affected

by action a, and thus their preferences are important for understanding social

welfare and government regulation.

The citizenry’s utility V (a, q) depends on action a and on a vector q of other

exogenous factors. For simplicity we set ∂2V/∂a∂q = 0 (i.e. the marginal utility of a
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is independent of other factors) and henceforth omit q in our notation. As

mentioned above, action a creates a negative externality on the citizenry, in that it

negatively affects the citizenry’s utility: dV/da < 0 for all a ∈ R+. Clearly, then, the

level of a that maximizes V (a) is ac = 0.

Workers. Two risk-neutral workers are available in the labor market: a

self-interested or selfish worker, s, and a (socially) responsible worker, r. Neither of

the workers is wealth-constrained, and the firm can costlessly distinguish between

the two workers. We abstract away from whether the firm is hiring one or many

workers, and use the term worker to refer to the firm’s labor force generally.

Furthermore, we assume that the firm can verify the action a selected by the hired

worker; and makes a take-it-or-leave-it, action-contingent contractual offer W (a) to

the worker it wishes to hire.3 Both workers have reservation wage W 0 normalized to

zero.

The self-interested and the responsible worker differ in terms of their preferences.

Worker s cares only about his own payoff: If he is hired with compensation Ws (a),

his utility is Us = Ws (a). If he is not hired, his reservation utility is U0
s = W 0 = 0.

In contrast worker r cares not only about his compensation, but also about what

3As in Bettignies and Robinson (2018), we assume symmetric worker-type information, wealth-
unconstrained workers and verifiable action. This simplification has the significant advantage of
allowing us to abstract away from issues related to hidden information or hidden action between
firm and worker, and to focus instead on the agency problems plaguing the relationship between the
firm and the regulator. This is in contrast to Carlin and Gervais (2009) for example, who explore
an agency model in which some agents suffer from agency costs and some do not. The fact that
some agents do not require high-powered incentives to exert effort, in equilibrium, induces sorting
between firms and employees. A recent literature has also examined agency problems when agents
have special preferences such as intrinsic motivation or prosocial preferences, for example. See,
e.g. Benabou and Tirole (2003, 2006), Besley and Ghatak (2005, 2007), Prendergast (2007, 2008),
Ellingsen and Johanesson (2008), Delfgaauw and Dur (2008).

We relax these assumptions, and discuss wealth-constrained workers, action contractability, and
worker-type information asymmetry in some detail in the appendix. The results of our model are
robust to relaxing these assumptions.
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Bettignies and Robinson (2018) call the “core” social surplus associated with action

a, S (a), defined as the sum of 1) the citizenry’s utility, 2) the firm’s profits net of

compensation cost, 3) the hired worker’s compensation:

S (a) = V (a) + (π (a)−Wj) +Wj, (3.1)

with j = s, r, or simply

S (a) = V (a) + π (a) . (3.2)

We use this notion of core surplus for expositional convenience. As shall become

clear below, total social surplus (social welfare) will turn out to be a simple function

of the core surplus. We assume that V (a) and π (a) are such that S (a) is

“well-behaved,” i.e. positive, continuously differentiable over R+ and strictly

concave in a, with dS
da

(0) > 0 and dS
da

(x) < 0 for some x ∈ R++.

We specify the utility of worker r hired with compensation Wr (a) and choosing

action a as Ur (a) = Wr (a) + ρS (a), with ρ ∈ (0, 1), where ρS (a) is the

“responsible” component of his preferences. If he is not hired, worker r’s reservation

utility is (the sum of his zero reservation wage and) a function of the core social

surplus associated with action a0 selected in that case (e.g. by worker s if he is

hired): U0
r = W 0 + ρS (a0) = ρS (a0). Thus, responsible workers experience utility

that is increasing in the core social surplus regardless of whether or not they are

engaged in the alleviation of negative externalities.

Social Responsibility. The parameter ρ ∈ (0, 1) captures the r employee’s

degree of social responsibility. If ρ = 0, Ur = Wr, and worker r is purely

self-interested. As ρ increases, however, he applies more weight on the core social
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surplus relative to his personal compensation.

Regulator. The regulator sets policy to regulate action a, with the aim of

maximizing social welfare.4 For simplicity (and in our opinion not unrealistically)

we assume that the regulator is too far removed from the activities of the worker to

be able to verify the exact value of a; and therefore cannot specify a particular

action value through policy. However, the regulator can impose a regulatory ceiling

āg on the firm.

The firm can then choose to comply and implement “internal”ceiling ā = āg

inside the organization, and specifically on the action selected by the worker. This

internal ceiling may for example take the form of capacity constraints as a ceiling on

pollution; of promoting a culture of responsible behavior whereby there are ethical

red lines never to be crossed; or of imposing maximum prices to be charged to

consumers. Alternatively, the firm may choose to “cheat”and impose a greater

internal ceiling ā > āg on action a.5

The regulator observes the firm’s compliance (or lack thereof) with probability

θ ∈ (0, 1), where θ represents the degree of regulatory oversight and efficiency: a

more efficient regulator can observes compliance with higher probability.

Non-compliance, if caught, is sanctioned with a penalty or fine t ∈ [0, T ]. For

simplicity we assume that t is a pure transfer from the firm to the citizenry, and

thus has no direct impact on social welfare.

4Implicit in our model is the assumption that transaction costs prevent direct Coasian bargaining
between the firm and the citizenry. For instance, the citizenry’s “fragmentation” may imply high
coordination costs for the group’s members, which may hinder efficient bargaining, and indeed
prevent bargaining altogether.

5As shall become clear below, it is never in the interest of the firm to set an internal ceiling below
regulatory ceiling āg.
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Timing of the Game. At date 0, the regulator sets regulatory ceiling āg; and

the firm decides whether to comply and implement internal ceiling ā = āg inside the

organization, or not to comply and implement internal ceiling implement ceiling

ā > āg. At date 1, the firm decides whether to hire the self-interested worker s or

the responsible worker r. At date 2, the firm makes a take-it-or-leave-it contractual

offer to the selected worker, and then the worker selects action a. At date 3, profits

and utilities are realized and contracts are honored.

Social Welfare and the First Best. Social welfare is the grand total surplus

generated, which includes not only the core surplus S(a) = V (a) + π(a), but also

the responsible component of worker r’s preferences ρS(a). More specifically social

welfare here includes 1) the citizenry’s utility, 2) the firm’s profits net of

compensation cost and of lobbying cost, 3) the hired worker’s compensation, and 4)

the responsible component of worker r’s preferences (ρS(a)):

TS (a) = V (a) + [π (a)−Wj − C] +Wj + ρS (a) (3.3)

with j = s, r, or more simply:

TS (a) = (1 + ρ)S (a) . (3.4)

We define the first-best benchmark as the situation in which social welfare is

maximized. The strict concavity of S (a), together with dS
da

(0) > 0 and dS
da

(x) < 0

for some x ∈ R++, ensure the existence and uniqueness of a first-best action a∗

which maximizes both core surplus S (a) and social welfare TS (a). The first-best

social welfare can thus be written as TS∗ (a∗) = (1 + ρ+ γmax)S (a∗). Note that a∗
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depends neither on who is hired nor on parameters ρ or γ. Also note that

a∗ ∈ (0, aπ), which follows directly from three observations: a) dS
da

(0) > 0; b)

dS
da

(aπ) = dV
da

(aπ) < 0, and c) the strict concavity of S (a).

Because Equation (3.4) captures the overall welfare of citizens, the firm, and the

worker, it forms the reference for welfare comparisons throughout the remainder of

our analysis.

3.3 Regulation, Hiring, and Action Choice in Equilibrium

In this section, we derive the subgame-perfect Nash equilibrium of the game. We

proceed by backward induction to determine what happens from date 2 onward if

the firm decides to hire the self-interested worker s; and if the firm decides to hire

the responsible worker r. We then move further backward to analyze the firm’s

hiring decision at date 1. Finally we examine firm compliance and the regulator’s

optimal ceiling selection at date 0.

3.3.1 Workers’ Actions

We begin by considering - in turn - equilibrium actions for the self-interested worker

and the responsible worker.

Self-Interested Worker. Suppose that at date 2 the firm makes an offer to the

self-interested worker s. As is well known, since the worker faces no direct cost

associated with a, he selects the firm’s preferred action as long as he receives

compensation Ws ≥ 0. Thus in equilibrium the firm pays the worker Ws = 0, and

can choose the action as to be selected by the employee. Clearly, the action that

maximizes the firm’s payoff Ps = π (a)−Ws = π (a) is the profit maximizing action
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aπ > a∗. The difference between aπ and the first-best action a∗ captures the

externality at play here: The firm does not internalize the negative impact of a

higher action choice on the citizenry, and hence selects an action level that is too

high from a social point of view. Here, however, the equilibrium action may be

constrained by the firm’s internal ceiling ā determined at date 0.6

Indeed, taking ā as given, the firm specifies the following action from the worker:

as =

 a if a ≤ aπ

aπ if a > aπ

 . (3.5)

If the internal ceiling is not binding, the firm chooses the profit-maximizing action

aπ; if the ceiling is binding, then the firm honors its ceiling commitment and

requests a worker action exactly equal to ā. Accordingly, the firm’s equilibrium

payoff Ps, can be expressed simply as:

Ps (a) =

 π (a) if a ≤ aπ

π (aπ) if a > aπ

 . (3.6)

Responsible Worker. Now suppose that at date 2 the firm makes an offer to

the responsible worker r, and makes contractual offer Wr (a) to him. As discussed

above, if he accepts the offer and chooses action a, his utility is

Ur (a) = Wr (a) + ρS (a). If he is not hired, worker r’s reservation utility depends on

the action a0 chosen in that case: U0
r = ρS (a0). For simplicity we assume that if the

r employee turns down the offer, the firm hires worker s (since this gives the firm a

6Subscript s refers to situations when the firm can only hire the self-interested worker (the
responsible worker is not available).
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positive payoff Ps) who selects a0 = as, and this in turn implies that U0
r = ρS (as).

7

Consider first the “unconstrained” scenario in which no internal ceiling is

constraining the action requested by the firm from worker r. Suppose the firm

wishes to elicit an action â. In that case, the optimal contract offered to the r type

includes a base salary wr and an action-contingent bonus br such that:

Wr (a) =

 wr + br if a = â

wr if a 6= â

 . (3.7)

The action â, the base salary wr, and the bonus br are chosen to maximize the firm’s

program π (â)− (wr + br), subject to the incentive compatibility (IC) constraint,8

br + ρS (â) ≥ ρS (a∗) , (3.8)

and to the individual rationality (IR) constraint,

wr + br + ρS (â) ≥ ρS (as) . (3.9)

One can easily verify that in equilibrium br and wr are chosen as solutions to

binding IC and IR constraints, respectively; and that the equilibrium

“unconstrained” action aur is the solution that maximizes the following simplified

program:

max
â

π (â) + ρ [S (â)− S (as)] . (3.10)

7The results of the model would continue to hold under a much weaker assumption, as long as,
should worker r turn down the firm’s offer, the firm would hire worker s with non-zero probability.

8Conditional on not choosing â, the worker anticipates he will receive a payoff of wr + ρS (a).
And the action that maximizes this payoff is a∗.
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The intuition is simple and well-known: the firm chooses the action aur that

maximizes the joint firm-worker surplus; ensures that the employee has an incentive

to select this action through the appropriate choice of br satisfying (3.8); and

extracts all rents from the worker by choosing the base salary wr such that (3.9) is

binding.

The firm’s payoff, for a given requested action aur , thus includes two components:

gross profit π (aur ), and the social responsibility wedge ρ [S (aur )− S (as)] extracted

from worker r. This wedge is the difference between the responsible components of

worker r’s utility a) if he is hired to take action aur and b) if instead worker s is

hired to take action as. In other words, by allowing the worker to “save the world”

by choosing relatively low action aur , the firm artificially creates rents for worker r

(the social responsibility wedge), which it can then extract from the worker through

lower wages.

Given the strict concavity of π (.) and S (.) and hence of π (.) + ρS (.),9 the

unique unconstrained action aur maximizing program (3.10) can be expressed as the

solution to:

dπ

dâ
(aur ) + ρ

dS

dâ
(aur ) = 0. (3.11)

Note that aur ∈ (a∗, aπ). This follows directly from the strict concavity of

π (.) + ρS (.), along with the fact that dS
da

(a∗) = 0 and dπ
da

(a∗) > 0, dπ
da

(aπ) = 0 and

dS
da

(aπ) < 0, and a∗ < aπ as shown previously. Intuitively, equilibrium unconstrained

action aur maximizes a linear combination of two strictly concave functions, S (.) and

π (.), thus the solution to this linear combination should be between their solutions,

9To be precise, our assumptions that dπ
da (0) > 0 and dS

da (0) > 0, and that dπ
da (x) < 0 and

dS
da (x) < 0 for some values of x ∈ R++, together with the strict concavity of π (.) + ρS (.), ensure
the existence of a unique aur maximizing program (3.10).
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a∗ and aπ.

Clearly, as in the case of worker s, here again the equilibrium action may be

constrained by the firm’s internal ceiling ā determined at date 0. This equilibrium

action with worker r can be expressed as follows:

ar =

 a if a ≤ aur

aur if a > aur

 . (3.12)

Using (3.5) and (3.12), we can express the firm’s equilibrium payoff if it hires

worker r, Pr, as follows:

Pr (a) =



π (a) if a ∈ [0, aur ]

π (aur ) + ρ [S (aur )− S (a)] if a ∈ (aur , aπ]

π (aur ) + ρ [S (aur )− S (aπ)] if a ∈ (aπ,+∞)


. (3.13)

3.3.2 Hiring Decision

At date 1, the firm decides which worker to hire. Comparing the firm’s payoffs

defined in (3.6) and (3.13), we can now determine the firm’s optimal choice of

employee and the associated equilibrium action for a given internal ceiling a.

For all a ∈ [0, aur ], it follows directly from (3.5) and (3.12) that the equilibrium

action selected is the same regardless of the type of worker hired: ar = as = a. This

in turn implies Pr (a) = Ps (a) = π (a): the firm is indifferent between the two types

of workers. Since both types choose the same action a, worker r derives no

additional utility from selecting a more responsible action - the social responsibility
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wedge ρ [S (a)− S (as)] collapses to zero - and hence there are no additional rents to

be extracted by the firm.

For all a ∈ (aur ,+∞), in equilibrium we have ar = aur and as = min (a, aπ), with

aur < as. Note that in this case the firm could choose to elicit action as from worker

r, in which case the payoff would be the same from either worker. Yet the firm

chooses to elicit aur 6= as from worker r, which implies that the payoff from doing so

is strictly superior to the payoff from eliciting as (by the strict concavity of

π (.) + ρS (.)). And this in turn implies that Pr (a) > Ps (a): the firm is strictly

better off by hiring worker r over worker s. Intuitively, when worker r is hired and

the ceiling a is not too restrictive, a positive social responsibility wedge

ρ [S (aur )− S (as)] is created, that can be extracted by the firm via lower

compensation for that worker.

We summarize these results in the following proposition:

Proposition 1. For a given internal ceiling a determined at date 1, we can express

the firm’s hiring choice, the worker’s equilibrium action, and the resulting firm’s

payoff, as follows:

• If a ∈ [0, aur ], the firm is indifferent between the two workers and hires either

one of them; requests action as = ar = ā; and receives payoff

Pr (a | a ∈ [0, aur ]) = Ps (a) = π (ā).

• If a ∈ (aur ,+∞), the firm hires the responsible worker r; requests action

ar = aur ; and receives payoff

Pr (a | a ∈ (aur ,+∞)) = π (aur ) + ρ [S (aur )− S (as)], with as = min (a, aπ).

This result is depicted graphically in Figures 3.1 and 3.2, which capture
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equilibrium actions and payoffs, respectively, as functions of internal ceiling a,

depending on whether s or r is hired.

Figure 3.1: Equilibrium actions for workers s and r, as functions of internal ceiling

The critical value for internal ceiling a in both figures is aur , the ceiling value at

which the equilibrium actions of workers s and r type begin to differ. To the left of

aur , the ceiling is binding, and the equilibrium action is the same regardless of whom

is hired, as shown in Figure 3.1. Accordingly, the firm’s payoff is also independent of

the type being hired, as depicted in Figure 3.2.

To the right of aur , the firm deliberately requires a lower action ar from

responsible worker r than it would from self-interested worker s. It does so to

generate the social responsibility wedge ρ [S (ar)− S (as)] for worker r, which it

extracts through contractual means, thus increasing its overall payoff. The lower
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Figure 3.2: Firms’ payoffs as functions of internal ceiling, depending on the type of
worker (s or r) hired by the firm

equilibrium action ar (a) < as (a) and greater payoff Pr (a) > Ps (a) when worker r is

hired are depicted in Figures 3.1 and 3.2, respectively.

3.3.3 Regulatory Ceiling and Firm Compliance

At date 0, the regulator sets the regulatory ceiling ag and penalty t ∈ [0, T ] imposed

on the firm if non-compliance is observed; and then, taking this information as well

as inspection probability θ as given, the firm decides whether or not to comply.

Evidently, for all ag ∈ [aπ,+∞) the firm complies, since complying and imposing

internal ceiling a = aπ ≤ ag, and hiring responsible worker r, would yield the

maximum payoff Pr (aπ) = π (aur ) + ρ [S (aur )− S (aπ)] for the firm.

Now consider ag ∈ [0, aπ). If the firm decides not to comply, then the optimal

internal ceiling to impose clearly is a = aπ, since as mentioned in the previous

paragraph this internal ceiling maximizes the firm’s payoff and the expected penalty
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θt is the same regardless of the form non-compliance takes. The firm’s expected

payoff in this case would be Pr (aπ)− θt. If the firm decides to comply, it imposes

internal ceiling a = ag inside the organization. We know from Proposition 1 that

this yields firm payoffs Pr (ag) = Ps (ag) = π (āg) and

Pr (ag) = π (aur ) + ρ [S (aur )− S (āg)] in cases where ag ∈ (aur , aπ) and ag ∈ [0, aur ],

respectively. Thus, the firm’s compliance condition, Pr (ag) ≥ Pr (aπ)− θt, can be

expressed as follows:



∀ag ∈ [0, aur ] π (āg) ≥ π (aur ) + ρ [S (aur )− S (aπ)]− θt if and only if

θt ≥ [π (aur )− π (ag)] + ρ [S (aur )− S (aπ)]

∀ag ∈ (aur , aπ) π (aur ) + ρ [S (aur )− S (āg)] ≥ π (aur ) + ρ [S (aur )− S (aπ)]− θt if and only if

θt ≥ ρ [S (ag)− S (aπ)]


.

(3.14)

Note that, ceteris paribus, the lower the regulatory ceiling ag < aπ, the lower the

payoff from compliance and hence the greater the firm’s incentive to “cheat”. A

greater penalty t increases the firm expected cost of non-compliance and hence

reduces its incentive to cheat.

Anticipating this, the regulator chooses the optimal regulatory ceiling ag and

penalty t ∈ [0, T ] to maximize the core surplus S (a):

max
ag ,t

S (as) , (3.15)

subject to the firm’s compliance condition (3.14) for all ag < aπ. Without loss of
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generality we impose the following regularity condition on T :10

T > [π (aur )− π (a∗)] + ρ [S (aur )− S (aπ)] . (3.16)

The regulator’s objective function depends on the action as actually chosen in

equilibrium. It is maximized at as = a∗ and strictly decreasing in as for all as > a∗.

Ideally, the regulator would want to set the regulatory ceiling ag = a∗, because as

long as the firm complies this would ensure that the equilibrium action as = a∗ be

chosen. But the regulator wants to avoid non-compliance by the firm, because in

that case the firm would implement an internal ceiling of aπ, which would lead to

action aπ being selected in equilibrium, and to a low core surplus S (aπ). The

regulator’s optimal strategy is thus to select the lowest possible incentive compatible

regulatory ceiling, i.e. the lowest possible ceiling that is consistent with compliance

by the firm.

Note that the regulator is indifferent between a ceiling of aπ and any ceiling

strictly superior to aπ, since as noted above the firm would comply with any ceiling

ag ≥ aπ and this would yield core surplus S (aπ). Without loss of generality, we

assume that within the [aπ,+∞) choice set, the regulator would select ag = aπ.

Let us define two threshold levels of government efficiency. First, let θ∗ be the

value of θ such that the firm’s compliance condition is binding at t = T and ag = a∗,

i.e. such that θ∗T = [π (aur )− π (a∗)] + ρ [S (aur )− S (aπ)]. Condition (3.16) ensures

that θ∗ ∈ (0, 1) exists. Second, let θu be the value of θ such that the firm’s

compliance condition is binding at t = T and ag = aur , i.e. such that

10As shall become clear below, this condition simply ensures that when the regulator can monitor
the firm almost perfectly, i.e. when θ → 1, she can ensure firm compliance when setting the regulatory
ceiling at the first-best level ag = a∗ and penalty t = T .
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θuT = ρ [S (aur )− S (aπ)]. Note that aur ∈ (a∗, aπ) implies π (aur ) > π (a∗) and in turn

θ∗ > θu. Thresholds θ∗ and θu divide θ’s parameter space into three regions which

we examine in turn.

Consider θ ∈ [θ∗, 1). In this region, clearly there exists a non-empty set

Ω ⊂ [0, T ] such that for all penalties t ∈ Ω the firm’s compliance condition (3.14) is

satisfied at ac = a∗. Thus, the regulator sets equilibrium penalty t∗∗ ∈ Ω and

imposes equilibrium regulatory ceiling a∗∗g = a∗ at the first-best level. This ensures

compliance by the firm, which sets its internal ceiling at that level. Since the

internal ceiling a = a∗ < aur , we know from Proposition 1 that the firm is indifferent

between the two types of workers; and that the hired worker selects action a∗ in

equilibrium, generating payoff Pr (a∗) = Ps (a∗) = π (a∗) for the firm.

Now consider θ ∈ [θu, θ∗). In that region, the regulator is not as efficient at

monitoring the firm and can no longer set the regulatory ceiling at ac = a∗: even if

it imposed maximum penalty T in case of verified non-compliance, the firm would

prefer not to comply and take its chances by imposing an internal ceiling of aπ. The

optimal solution for the regulator, then, is to impose maximum non-compliance

penalty T on the firm and to select the minimum regulatory ceiling with which the

firm is willing to comply.11 More formally, for all θ ∈ [θu, θ∗), the regulator sets

equilibrium penalty t∗∗ = T and imposes equilibrium regulatory ceiling a∗∗g such

that:

θT =
[
π (aur )− π

(
a∗∗g
)]

+ ρ [S (aur )− S (aπ)] . (3.17)

Note from condition (3.17) that da∗∗g /dθ < 0; and that a∗∗g (θu) = aur and

11By assumption the penalty t is a pure transfer that has no direct impact on core surplus S (a),
but as discussed above it does have an indirect positive impact by encouraging firm compliance.
Thus a greater penalty allows the regulator to set a lower incentive compatible regulator ceiling.
This explains the optimality of setting t = T .
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lim
θ→θ∗

a∗∗g (θ)→ a∗; implying a∗∗g ∈ (a∗, aur ], for all θ ∈ [θu, θ∗). Thus, within this region

the regulator gradually increases the regulatory ceiling above a∗ to ensure firm

compliance as her monitoring ability decreases, but this equilibrium ceiling imposed

by the regulator and implemented internally by the firm remains low: a = a∗∗g ≤ aur .

Hence, the firm is indifferent between the two types of workers; and the hired

worker selects action a∗∗g in equilibrium, generating payoff

Pr
(
a∗∗g
)

= Ps
(
a∗∗g
)

= π
(
a∗∗g
)

for the firm.

Finally, consider θ ∈ (0, θu). In that region, the regulator’s ability to monitor the

firm is poor, and hence it has to impose regulatory ceiling a∗∗g > aur in order to

ensure compliance by the firm. Indeed, for θ ∈ (0, θu), the regulator sets equilibrium

penalty t∗∗ and imposes equilibrium regulatory ceiling a∗∗g such that:

θT = ρ
[
S
(
a∗∗g
)
− S (aπ)

]
. (3.18)

One can readily verify from condition (3.18) that da∗∗g /dθ < 0; and that

lim
θ→θu

a∗∗g (θ) = aur and lim
θ→0

a∗∗g (θ) = aπ; implying a∗∗g ∈ (aur , aπ) for all θ ∈ (0, θuc ). In

that region the regulator’s monitoring ability is so poor that it can only ensure

compliance by setting a very high regulatory ceiling a∗∗g (θ) > aur . Once the firm

complies with regulation and implements ceiling a∗∗g (θ) > aur internally, it becomes

optimal to hire responsible worker r and request an equilibrium action ar = aur that

is strictly smaller than the ceiling, because it allows the firm to extract social

responsibility wedge ρ
[
S (aur )− S

(
a∗∗g (θ)

)]
from worker r, generating payoff

Pr
(
a∗∗g (θ)

)
= π (aur ) + ρ

[
S (aur )− S

(
a∗∗g (θ)

)]
for the firm. Overall, the equilibrium

can be described as follows:

Proposition 2. For a given degree of regulatory oversight/efficiency θ ∈ (0, 1), we
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can express the equilibrium regulatory ceiling, internal ceiling, worker action, and

firm payoff, as follows:

• For all θ ∈ [θ∗, 1). At date 0 the regulator sets penalty t∗∗ ∈ Ω ⊂ [0, T ] and

regulatory ceiling a∗∗g = a∗. The firm complies with regulation and implements

internal ceiling a = a∗∗g = a∗. At date 1, the firm hires either worker. At date

2, hired worker i, i = s, r takes action ai = a∗∗g = a∗. At date 3, worker i

receives compensation Wi (a
∗); and the firm obtains payoff Pi (a

∗) = π (a∗).

• For all θ ∈ [θu, θ∗). At date 0 the regulator sets penalty t∗∗ = T and regulatory

ceiling a∗∗g (θ), where a∗∗g (θ) ∈ (a∗, aur ] is the solution to (3.17) and

da∗∗g /dθ < 0. The firm complies with regulation and implements internal ceiling

a = a∗∗g (θ). At date 1, the firm hires either worker. At date 2, hired worker i,

i = s, r takes action ai = a∗∗g (θ). At date 3, worker i receives compensation

Wi

(
a∗∗g (θ)

)
; and the firm obtains payoff Pi

(
a∗∗g (θ)

)
= π

(
a∗∗g (θ)

)
.

• For all θ ∈ [0, θu). At date 0 the regulator sets penalty t∗∗ = T and regulatory

ceiling a∗∗g (θ), where a∗∗g (θ) ∈ (aur , aπ) is the solution to (3.18) and

da∗∗g /dθ < 0. The firm complies with regulation and implements internal ceiling

a = a∗∗g (θ). At date 1, the firm hires responsible worker r. At date 2, worker r

takes action ar = aur . At date 3, worker r receives compensation Wi (a
u
r ); and

the firm obtains payoff Pr
(
a∗∗g (θ)

)
= π (aur ) + ρ

[
S (aur )− S

(
a∗∗g (θ)

)]
.

Proposition 2 highlights key implications of our model regarding CSR, which we

discuss in more detail in the next section.



3.4. CSR IN PROFIT-MAXIMIZING FIRMS 81

3.4 CSR in Profit-Maximizing Firms

How does one define CSR? We argue that firms engage in CSR when they

voluntarily take socially beneficial actions, over and beyond what they required to

do by law. Indeed, a firm that pollutes as much as it is allowed to does not engage

in CSR, even if pollutes very little; while a second firm may pollute more than the

first but still engage in CSR if is voluntarily polluting less than stipulated by law.

This closely follows Mosley, Pietri and Megginson (1996), who argue, “Corporate

social responsibility refers to managements’ obligation to set policies, make decisions

and follow courses of action beyond the requirements of the law that are desirable in

terms of the values and objectives of society” (emphasis added by us).

Correspondingly, within the context of our model, a firm is engaging in CSR if

the action chosen by the worker in equilibrium is lower than the regulatory ceiling.

More formally, we can express CSR as the difference between the equilibrium

regulatory ceiling a∗∗g determined at date 0 and the equilibrium action ai selected by

the firm’s hired worker i, i = s, r, at date 2. One of the key results of our model

then follows from Proposition 2:

Proposition 3. Under sufficiently low regulatory oversight, i.e. for all θ ∈ [0, θu),

CSR endogenously emerges in profit-maximizing firms, within which workers

deliberately “over-comply” by taking actions strictly lower than the regulatory ceiling.

Why would a profit-maximizing firm engage in CSR when - as in this model -

there are no demand-side benefits (e.g. consumers with social preferences willing to

pay more for products from socially responsible organizations) from doing so?

Intuitively, an inefficient regulator with a low monitoring probability θ must set a

high regulatory ceiling to ensure firm compliance. But this high ceiling implies a low
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reservation utility for the responsible worker. By hiring him and allowing him to

over-comply and select an action strictly lower than the ceiling, the

profit-maximizing firm artificially creates a social responsibility wedge for the

responsible worker, which the firm can extract through lower wages. The firm thus

benefits from encouraging the worker to over-comply with regulation and engage in

CSR activities.

How does CSR vary with regulatory oversight? To see this, consider Figure 3.3,

which depicts the regulatory ceiling and the equilibrium action, and their difference,

which captures CSR, as functions of θ:

Figure 3.3: Equilibrium regulatory ceilings and actions as functions of regulatory
oversight. For a give level of regulatory oversight, CSR is the differ-
ence between the regulatory ceiling and the equilibrium action actually
selected in the organization

At high (θ ∈ [θ∗, 1)) and moderate (θ ∈ [θu, θ∗)) levels of regulatory of regulatory
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oversight, the minimum incentive compatible regulatory ceiling that the regulator

can set is too low to create a social responsibility wedge for the responsible worker,

and accordingly there is no rent-extraction benefit for the firm and no incentive to

engage in CSR: the equilibrium action inside the organization is a high as regulation

allows.

At low levels of regulatory oversight (θ ∈ [0, θu)), the regulator’s monitoring

probability is so low that the regulator is forced to set the regulatory ceiling at a

high level a∗∗g (θ) > aur to ensure firm compliance. This high regulatory ceiling

generates a social responsibility wedge which the firm can extract by hiring the

responsible worker and engaging in CSR: the equilibrium action inside the

organization, ar = aur is strictly lower that the regulatory ceiling a∗∗g (θ). Within this

region, a reduction in regulatory oversight θ leads to a greater regulatory ceiling

a∗∗g (θ) but does not change the equilibrium action ar = aur inside the organization,

and hence strictly increases the equilibrium amount of CSR.

Altogether, Figure 3.3 illustrates another key result, and the main empirical

implication, of our model, which we express in the following Proposition:

Proposition 4. Regulatory oversight has a negative impact on CSR.

The “social responsibility wedge”rationale for CSR was modeled previously in

Bettignies and Robinson’s (2018) related work. This paper depart from their work

in two primary ways. First, for the social responsibility wedge to exist, the

regulatory ceiling must be inefficiently high; and the source of this inefficiency here -

imperfect regulatory oversight - is very different from Bettignies and Robinson

(2018), where this inefficiency came from the government’s preference for political

contributions and the consequent lobbying by firms.
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Second, in this paper we take our model’s main results to the data. Specifically,

in Section 4.5 we examine Proposition 4 empirically and test whether regulatory

oversight reduce CSR; and in Section 3.6 we consider other implications of our

model, pertaining in particular to the relationships between regulatory oversight,

CSR and wages, and between regulatory oversight, CSR and firm value.

3.5 Does Regulatory Oversight Reduce CSR?

In this section, we explore a series of empirical tests of Proposition 4. We begin

with two difference-in-difference strategies built around the introduction of the UK

Companies Act of 2013. The strategies differ in terms of how we identify the control

group: in one, we use the fact that non-UK firms were not affected by the Act;

while in the second, we use the fact that some firms already engaged in voluntary

compliance prior to the act—presumably these firms were less affected than those

who chose not to report before the Act was passed. Then we discuss a third test

based on variation in the degree of outsourcing among US firms.

3.5.1 The UK Companies Act of 2013

In July 2013, the UK government passed The Companies Act 2006 (Strategic Report

and Director’s Report) Regulation 2013 (the The Companies Act (2013)), which

required all listed UK firms to report their GHG emissions in their annual reports.

The bill was made publicly available on July 25, 2012, was approved by the UK

House of Commons on July 16, 2013, and came into effect on October 1, 2013

(Krüger, 2015).

The bill (Part 7, pp. 5-6) specifies that, for all quoted companies, the director’s
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report for a financial year must state “the annual quantity of emissions in tonnes of

carbon dioxide equivalent from activities for which the company is responsible

including (a) the combustion of fuel; and (b) the operation of any facility.”

Moreover, the report must also state “the annual quantity of emissions in tonnes of

carbon dioxide equivalent resulting from the purchase of electricity, heat, steam or

cooling by the company for its own use.” The law further stipulated that the report

must also state “the methodologies used to calculate the information disclosed”; and

“at least one ratio which expresses the quoted company’s annual emissions in

relation to a quantifiable factor associated with the company’s activities.”

In the context of our model, the introduction of this bill can be viewed as a shock

to the regulatory oversight of UK firms’ GHG emissions. This gives rise to two

difference-in-difference strategies to identify the effect of changing θt on the

equilibrium level of CSR; which are discussed in this and the next subsection,

respectively.

Our first difference-in-difference approach draws from Krüger (2015) and turns

on the fact that The Companies Act (2013) was implemented in the UK, but not in

the 15 other European countries with companies listed on local stock exchanges.

Our control group is thus size- and industry-matched firms from other European

stock exchanges, including Ireland, Belgium, Denmark, France, Germany, Italy,

Luxembourg, Netherlands, Norway, Sweden, Switzerland, Austria, Portugal, Spain,

and Finland. We then we specify regressions of the following form:

CSRi,t = β0 + β1 · Treati + β2 · Aftert + β3 · Treati × Aftert

+γ′ · Controli,t + δt + ϕj + εi,t, (3.19)
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where CSRi,t denotes the rating score of corporate social responsibility for firm i in

year t, which captures firms’ engagement in social responsibility activities; Treati is

a dummy variable setting to one if firms are UK quoted firms, otherwise zero;

Aftert is a dummy variable which equals to one if years are the post-regulation

period (i.e., 2011 to 2015), otherwise zero;12 Controli,t represents a set of control

variables which may affect firms’ CSR; δt is a dummy for year t, and ϕj is a dummy

for industry j; and εi,t is an error term. The coefficient of our interest is β3, which

captures the before-after difference of CSR between the treatment group (UK firms)

and the control group (other European firms).

To construct our measure of CSR for firms from the UK and from the other

European countries, we use data from the Thomas Reuters ASSETS4 database.

Thomas Reuters provides ratings on environmental, social and governance (ESG)

performance for over 7,000 public firms across the globe, with panel data going back

to 2002. Specifically, Thomas Reuters first selected and grouped 178 ESG measures

into 10 categories, such as emissions, environmental product innovation, human

rights, etc., and then aggregated them into three pillar scores - Environmental,

Social, and Corporate Governance. The ESG score provided by Thomas Reuters is

based on a firm’s relative performance in environmental, social, and corporate

governance activities and range from 1 to 100. Unlike other CSR datasets which

tend to use equal-weighted ratings, Thomson Reuters adopts data-driven category

weights and applies percentile rank scoring methodology to ensure that the ESG

scores are comparable across companies and industries. The Thomas Reuters

12We choose to use year 2011 to divide the pre-regulaton and post-regulation due to the following:
Even though the Act in UK was publicly available in July 2012, firms in UK could anticipate it
in 2011 and take actions accordingly. For robustness check, we also use year 2012 to divide the
pre-regulaton and post-regulation and find that results remain similar, though in some cases the
significance level drops slightly.
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ASSETS4 database provides total ESG scores as well as a separate score for each of

the three pillars, for all of the firms in its sample. In our baseline model, we use

firms’ total ESG score to measure firms’ engagement in CSR activities. But as a

robustness check we also take advantage of the separate ESG scores for

environment, society, and governance, to consider the impact of The Companies Act

(2013) on firms’ environmental score separately from its impact on their social and

governance scores.

Using Compustat Global Annual Files for both UK firms and firms from the

other 15 European countries listed above, we construct control variables to capture

firm- and industry-level characteristics which may affect firms’ decision to engage in

CSR. These include Firm size measured by firms’ total assets; profitability measured

by return on assets (ROA); Leverage measured by total debt-to-total assets; Capital

Expenditure measured by firms’ capital expenditure scaled by total assets; and

Industry Competition based on a Herfindahl index computed from annual sales. We

then merge these data with the data on CSR from the Thomas Reuters ASSETS4

database. Table 3.1 provides a summary of these and other variables, while Table

3.2 provides summary statistics for the main CSR measures used in the paper.

[Insert Table 3.1 here.]

[Insert Table 3.2 here.]

We begin by pooling all matched UK and EU firms and considering the

difference-in-difference specification discussed above, and report our results in Table

3.3, where in all specifications standard errors are adjusted for within-firm

clustering.
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[Insert Table 3.3 here.]

Column (1) reports the baseline specification of the difference-in-difference with

no additional control. The coefficient estimate on Treat× After is -2.085, which is

significant at the 1% significance level. This suggests that the treated firms (UK

firms) on average have lower CSR scores than the firms in the control group (other

European firms).

In column (2), we introduce firm and industry level controls: Firm Size, ROA,

Leverage, Capital Expenditure, and Industry Competition as control variables. The

coefficient estimate on Treat× After is -2.602, which is significant at the 1%

significance level. Columns (3) - (4) control for year and industry fixed effects

respectively. The coefficient estimate on Treat× After remains negative and

significant. Columns (5) and (6) further include country fixed effects and firm fixed

effects respectively. The magnitude of the coefficient estimate on Treat× After

drops but the coefficient remains negative and significant (at the 10% significance

level in the latter case).

Overall, the results in Table 3.3 indicate that after introduction of the mandatory

disclosure policy of GHG emissions in UK, the UK firms showed on average a lower

level of CSR than the firms from other European countries which did not have this

mandatory disclosure policy in place. This evidence is consistent with Proposition 4

in our model, which stipulates that greater regulatory oversight ought to reduce

firms’ engagement in CSR.

Next, we construct the treatment group and control group by using stratified

nearest neighbor matching without replacement. Specifically, we match each

UK-quoted firm with another firm from the other 15 European countries listed
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above which 1) is in the same industry as the UK firm and 2) has the most similar

asset size as the UK firm in 2010. We report the results of our

difference-in-difference approach with this matched sample in Table 3.4, where in all

specifications standard errors are adjusted for within-firm clustering.

[Insert Table 3.4 here.]

In column (1), the coefficient estimate on Treat× After is -2.083, which is

significant at the 5% significance level. In column (2), we include Firm Size, ROA,

Leverage, Capital Expenditure, and Industry Competition as control variables. The

coefficient estimate on Treat× After is -2.026, which is significant at the 5%

significance level. Columns (3) - (6) further control for year, industry, country, and

firm fixed effects, respectively. Across all four of these columns, the coefficient

estimate on Treat×After remains negative and significant (at the 10% significance

level in columns (4) - (6)). Overall, the results in Table 4 provide further support

for a negative effect of regulatory oversight on CSR activities in organizations.

Finally, we consider the identifying assumption - i.e. the “parallel

trends”assumption - behind the difference-in-difference framework; and examine

whether there are similar trends in CSR during the pre-regulation period for both

treatment and control groups (Lemmon and Roberts, 2010). Graphically, UK firms

(treatment group) appear to have CSR trends that are similar to those of the

matched European firms (control group). Average CSR ratings for the treatment

and control groups over the sample period 2005 - 2015 are depicted in Figure 3.4.

Consistent with the “parallel trends”assumption, the two lines representing the

CSR ratings for the treatment group and the control group trend closely in parallel
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Figure 3.4: Differences in means of CSR ratings

during the “before”period (2005-2010), but start to diverge during the “after”period

(2011-2015).

To show these results analytically, we re-run our baseline regression, but include

year dummies as well as their interactions with the treatment group dummy; the

idea being that the coefficient estimates on the interactions should be insignificant

for years in the “before”period but significant for years in the “after”period. We

report the regression results in Table 3.5.

[Insert Table 3.5 here.]
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Consistent with the “parallel trends”assumption, we observe statistically

insignificant coefficient estimates on the interactions of treatment group and year

dummies for the “before”years, but negative and significant coefficient estimates on

the interactions of treatment group and year dummies for the “after”years.

3.5.2 The Carbon Disclosure Project

Our second difference-in-difference strategy exploits the fact that some firms in the

UK had already publicly disclosed their carbon emissions prior to the passage of the

Act. For these firms, the change in the reporting standards presumably had little

effect. Our second approach uses these firms as a control group.

In order to examine UK-based firm variation in more detail, we obtained data

from the Carbon Disclosure Project (CDP). CDP is a UK-registered charity which

operates a global carbon disclosure system in which companies and cities voluntarily

report data on environmental performance. These data are then analyzed and

transformed into metrics that investors can use to make investment decisions.

According to the project’s website (http://www.cdp.net) the project has enrolled

over 7,000 firms globally.

CDP uses a questionnaire to collect information on disclosure of GHG emissions

from firms in both emerging and developed markets. Firms can choose to respond

to CDP’s request by marking their response status as either “Public” or “Private”;

or they can choose not to respond, which yields a status of “NA”. Public responses

from firms indicate that these firms will disclose their GHG emissions to the general

public; whereas private responses allow CDP to include that firm’s data in broader

regional and industry indices, but do not make the firm’s identity known.
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We follow Krüger (2015) and construct treatment and control groups within the

UK based on the information on firms’ response status from CDP. The control

group consists of UK firms with response status as “Public” before The Companies

Act (2013), while UK firms with response status as “Private” or “NA” are included

in the treatment group. The idea is that The Companies Act (2013) would have a

very limited impact on those UK firms which have already signed up for the

voluntary disclosure before 2012. The most affected UK firms would be the firms

which chose not to disclose their GHG emissions before The Companies Act (2013),

but had to disclose their emissions thereafter. The findings from this alternative

difference-in-difference strategy are presented in Tables 3.6, in which we look strictly

within the UK, comparing firms that were affected by The Companies Act (2013) to

those that voluntarily disclosed prior to the passage of the act.

[Insert Table 3.6 here.]

The coefficient estimate on the interaction term Treat× After is negative and

statistically significant in all specifications, indicating that firms which were forced

to comply with the regulation reduced their CSR activity after the passage of The

Companies Act (2013). In Columns (1) and (2), the coefficient estimates on

Treat× After are negative and significant at the 1% significance level. The

inclusion of year fixed effects in Columns (3) has no perceptible impact on the

results. In columns (4) and (5), the inclusions of industry fixed effects and firm fixed

effects, respectively, cause the effect to decrease modestly, and the significance level

of the estimate to increase to 10%.

In Columns (1) - (5), the coefficient on Treat indicates that the treated

firms—those forced into compliance by the Act—had lower CSR scores on average
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than those who chose to comply, which again illustrates the difficulty in testing our

model with standard cross-sectional data. Likewise, the loading on the After effect

shows that CSR scores have been trending upward across the board. But the

interaction term is negative and significant in all specifications.

3.5.3 Robustness Checks

Regulatory Oversight and Sub-components of CSR

As mentioned above, the total CSR scores are the sum of firms’ performance in

three different categories: environment, society, and governance. Since the variation

in regulatory oversight in this empirical analysis has to do GHG emissions, we

would expect the effect of regulator oversight to affect CSR along the environmental

dimension disproportionately more than along the societal and governance

dimensions. To check this prediction, we separate the CSR score in the environment

category from the CSR scores in the society and governance categories, and explore

the differential impacts of regulatory oversight on them. More specifically, we repeat

the regressions in Table 3.3, Table 3.4, and Table 3.5, but instead of using the total

CSR score as dependent variable, we use the CSR score in the environment category

alone, and the CSR score for both society and governance, as dependent variables,

respectively. We report the results in Table 3.7.

[Insert Table 3.7 here.]

Columns (1) and (2) present the results based on the UK-EU pooled sample, in

which the dependent variables are the CSR scores in the environment category

alone, and the CSR score in both society and governance, respectively. In column



3.5. DOES REGULATORY OVERSIGHT REDUCE CSR? 94

(1), the coefficient estimate on Treat× After is -3.230, which is significant at the

1% significance level. In contrast, the coefficient estimate on the same interaction

term Treat× After is insignificant in column (2). These results suggest that with

the implementation of the mandatory GHG emissions disclosure policy in the UK,

UK firms on average experienced lower environmental CSR scores relative to firms

from the other 15 European countries; while this is not the case for their CSR scores

in society and governance. Columns (3) and (4) report the results based on the

UK-EU matched sample. Again we find that when the dependent variable is the

CSR score in the environment category alone, the coefficient of Treat× After is

negative and significant, while it is insignificant when the dependent variable is the

CSR score in society and governance. We find similar results in columns (5) and (6)

based on the UK sample as well.

All in all, the results in Table 3.7 suggest that - consistent with our model -

environmental oversight in the has a negative impact on firms’ CSR activities

related to environmental issues, but not on firms’ CSR activities related to society

and governance.

Confounding Policies

One possible concern with the foregoing analysis may be that the existence of

confounding regulations in 15 other European countries in our control group could

preclude a proper identification of the impact of The Companies Act (2013) in UK

on CSR. To address this issue, we first searched environmental regulations and

policies in 15 other European countries included in our control group,13 and found

13We mainly obtain information on environmental regulations from the CSR disclo-
sure efforts by national governments and stock exchanges from Harvard Kennedy School.
http://iri.hks.harvard.edu/
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four potentially relevant cases:

1) France: The Grenelle II Act was passed in 2012, which requires large firms to

disclose their CSR information in their annual report. 2) Ireland: The carbon tax in

Ireland started to cover almost all the polluting firms instead of only large emitters

since 2012. 3) Norway: Legislation was passed on requiring large firms to disclose

general CSR as well as GHG emissions around 2012. 4) Switzerland. The Swiss

government implemented a regulation scheme in 2013 which provided explicit

incentives for firms to reduce GHG emissions.

Having identified these potentially confounding regulations, we took out from our

sample the firms from France, Ireland, Norway, and Switzerland. We then repeated

the regressions in our baseline model regressions in Table 3.3 and Table 3.4, and

report the results in Table 3.8.

[Insert Table 3.8 here.]

In Table 3.8, the first three columns present the results based on the UK-EU

pooled sample, having taken out firms from the four countries mentioned above. In

column (1), the coefficient estimate on Treat× After is -2.524, which is significant

at the 1% significance level. Columns (2) and (3) further control for year and

industry fixed effects, and country fixed effects, respectively. The coefficient

estimate on Treat× After remains negative and significant. Columns (4) - (6)

report the results using the UK-EU matched sample, again having removed firms

from the four countries mentioned above. The coefficient estimate on Treat×After

remains negative and significant in all three columns.

All in all, the results in Table 3.8 suggest that the negative impact of the

mandatory GHG emission disclosure policy in the UK on UK firms’ engagement in
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CSR activities continues holds when we remove confounds from our sample.

CSR Data from Sustainalytics

Another possible concern with our baseline analysis may be that our main empirical

result - the negative effect of regulatory oversight on CSR - may be driven by the

specifics of the Thomson Reuters ASSET4 dataset which we used in our analysis so

far. We address this point by repeating the regressions from Tables 3.3, 3.4, and 3.6

with a different dataset - Sustainalytics - and checking whether our main results

continue to hold.

Sustainalytics is a company that rates the sustainability of listed companies based

on their environmental, social and corporate governance (ESG) performance and

provides ESG and Corporate Governance research and ratings globally. Specifically,

it provides data on firms’ ESG performance from 76 countries during the period

2009 - 2016. The measure for corporate social responsibility in Sustainalytics has

three dimensions: environment, society, and governance. We aggregate the scores

from environment, society, and governance dimensions to get the total score of ESG

for firms in the UK and in the 15 other European countries we consider, during the

period 2009 - 2015, and use this total score as our measure of CSR.

We construct three samples - UK-EU pooled sample, UK-EU matched sample,

and UK sample, and report the results in Tables 3.9, 3.10, and 3.11, respectively.

[Insert Table 3.9 here.]

[Insert Table 3.10 here.]

[Insert Table 3.11 here.]
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The results obtained using the Sustainalitics dataset are very similar to our

baseline results obtained with the Thomson Reuters ASSET4 dataset. In each of

the three samples, the coefficient estimate on Treat× After is negative and

significant at the 5% or the 1% significance level in all specifications, except when

we introduce both year and firm fixed effects, in which case the estimate is

significant at the 10% significance level.

Overall, the results from Tables 3.9, 3.10, and 3.11 are consistent with a negative

effect of regulatory oversight CSR activities in organizations; and mitigate the

concern that our baseline results might be specific to the Thomson Reuters ASSET4

dataset.

3.5.4 Evidence from Variation in Outsourcing

In this section, we provide a further evidence of the negative relationship between

regulatory oversight and CSR predicted by the model, based on a different source of

variation in regulatory oversight. The key to our identification strategy here is that

companies and industries that have experienced more pronounced foreign

outsourcing of intermediate goods production will inherently be more difficult to

oversee from a regulatory standpoint. Thus, by identifying changes in the degree of

outsourcing, we can trace out the relation between the regulators’ ability to monitor

firms’ regulatory compliance and examine its impact on CSR activities.

This part of our empirical analysis is based on US data. To construct our

measure for CSR, we use the Kinder, Lydenberg and Domini (KLD) ratings of

corporate responsibility. KLD’s coverage begins in 1991 and our analysis uses KLD

information from 2005 to 2016. KLD ratings have seven dimensions: community
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activities, diversity, employee relations, environmental policies, human rights,

corporate governance, and products’ social benefits. However, most of the human

rights scores are missing in the dataset, and the dimension of corporate governance

does not usually reflect CSR (Servaes and Tamayo, 2013). Hence, we focus on the

following five dimensions: community activities, diversity, employee relations,

environmental policies, and products’ social benefits. For each firm, KLD reports

the number of strengths and concerns across these five dimensions. We construct the

measure for a firm’s CSR score by aggregating the total number of CSR strengths

and subtracting the total number of CSR concerns across these five dimensions.

To proxy for regulatory oversight, we use industry-level variation in foreign

outsourcing by US firms. We collect data from both the US Input-Output (IO)

table and the Census of Manufactures to construct the measure for industry-level

foreign outsourcing. In particular, the Bureau of Economic Analysis (BEA) makes

the US Input-Output table based on the economic censuses conducted every five

years by the Bureau of the Census. The I-O Make table provides the information on

the outputs of industry and commodity, while the I-O Use table shows the

commodity inputs required by an industry to produce its output. BEA also provides

the information on the use of imported commodities by an industry.

More specifically, we construct our sample from 405 industries in 2007 and 2012

as follows. First, we obtain information on inputs purchases by 405 industries from

the I-O Use table. The I-O Use table provides the intermediate inputs purchases (in

millions of dollars) by industry i from any supplier industry j in 2007 and 2012. We

then weigh the input purchases by industry i from industry j by the imported

commodities (in millions of dollars) of that supplier industry j, to compute the
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foreign outsourcing for industry i (Feenstra and Hanson, 1996). Thus, the

industry-level foreign outsourcing for industry i in year t, Foreign Outsourcingi,t, is

calculated as

Foreign Outsourcingi,t =

∑
j Imported Input Purchases of Goodi,j,t∑

j Total Input Purchases of Goodi,j,t
,

where Foreign Outsourcingi,t represents the foreign outsourcing level for industry i

in year t; Imported Input Purchases of Goodi,j,t denotes the imputed imported

value (in millions of dollars) of intermediate inputs use of industry j’s good by

industry i in year t; Total Input Purchases of Goodi,j,t is the total intermediate

inputs purchase (in millions of dollars) from industry j’s good by industry i in year

t.

Note that the data based on 405 industries is census data and therefore only

available every five years. In the aforementioned sample - US Sample I - we mainly

rely on census data in 2007 and 2012 to construct our sample and compute the

measure for industry-level foreign outsourcing.

Alternatively, the BEA provides data on the use of imported commodities by 71

industries during the period 1997 - 2017. The Census of Manufactures provides the

total materials costs for industries from 2005 - 2016. Combining these two datasets,

we construct a second sample - US sample II - based on 71 industries during the

period 2005 - 2016. In particular, we use the total imported commodities (in

millions of dollars) of other supplier industries by industry i , divided by industry i’s

total purchases (in millions of dollars) of non-energy materials, to measure the
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industry-level foreign outsourcing, Foreign Outsourcing, i.e.

Foreign Outsourcingi,t =

∑
j Imported Input Purchases of Goodi,j,t

Total Non− energy Material Costi,t
,

where Foreign Outsourcingi,t is the foreign outsourcing level for industry i in year

t; Imported Input Purchases of Goodi,j,t represents the imputed imported value

(in millions of dollars) of intermediate inputs use of industry j’s good by industry i

in year t; Total Non− energy Material Costi,t is the total purchases (in millions of

dollars) of non-energy materials by industry i in year t. Detailed variable definitions

are described in Table 1.

Note that in both US samples I and II, we use Foreign Outsourcingi,t to

measure to what extent an industry relies on the intermediate inputs from its

supplier industries which are imported from outside the US. The higher the level of

foreign outsourcing for an industry, the lower the regulator’s ability to monitor firms

in that industry. Therefore, we can use the changes in the industry-level foreign

outsourcing to capture changes in the regulators’ ability to monitor firms.

We estimate the following empirical relationship:

CSRi,j,t = β0 + β1 · Foreign Outsourcingj,t + γ′ ·Controli,j,t + δt + ϕj + εi,t, (3.20)

where CSRi,t denotes the CSR rating for firm i in industry j and year t, which

captures firms’ engagement in social responsibility activities; Foreign

Outsourcingj,t represents the foregin outsourcing level for industry j in year t;

Controli,j,t denotes a set of firm and industry level control variables which may

affect firms’ CSR; δt is year dummies, and ϕj is industry dummies; εi,t is an error
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term. The coefficient of our interest is β1, which captures the impact of

industry-level foreign outsourcing on firms’ corporate social responsibility, and

which we expect should be positive and significant.

[Insert Table 3.12 here.]

Table 3.12 presents coefficients estimates of regressions which examine the effect

of industry-level foreign outsourcing on firms’ engagement in CSR. The dependent

variable is CSR. Columns (1) - (3) present the results based on US sample I.

Column (1) investigates the impact of industry-level foreign outsourcing on CSR

with no additional controls. The coefficient estimate on Foreign Outsourcing is

0.641, which is significant at the 5% significance level. Column (2) includes firm and

industry level characteristics as controls into the model specification: Firm Size,

Tobin’s Q, Leverage, Market-to-Book ratio, ROA, and Industry Competition. The

coefficient estimate on Foreign Outsourcing is 1.137, which is significant at the 1%

significance level. Column (3) further controls for year and industry fixed effects.

The coefficient estimate on Foreign Outsourcing is 2.806, which is significant at

the 5% significance level.

Columns (4) - (6) present the results based on US sample II. In column (4), the

coefficient estimate on Foreign Outsourcing is 0.735, which is significant at the 5%

significance level. Column (5) controls for firm and industry level characteristics:

Firm Size, Tobin’s Q, Leverage, Market-to-Book ratio, ROA, and Industry

Competition. The coefficient estimate on Foreign Outsourcing is 0.688, which is

significant at the 5% significance level. Column (6) further includes year and

industry fixed effects. The coefficient estimate on Foreign Outsourcing is 1.115,

which is significant at the 5% significance level.
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Overall, the results of Table 3.12 provide support for a positive relationship

between industry-level foreign outsourcing and CSR. To the extent that industries

with more foreign outsourcing are less likely to be efficiently monitored by

regulators, these results are consistent with our model’s prediction that less

regulatory oversight leads to more CSR.

3.6 Wages and Firm Value

In this section we explore two additional empirical implications of our model. The

first relates to the interaction between regulatory oversight, CSR and wages. The

second relates to the interaction between regulatory oversight, CSR and firm value.

3.6.1 Regulatory Oversight, CSR and Wages

In our model lower regulatory oversight creates an opportunity for firms to extract

rents from socially responsible workers though lower wages, by allowing them to

engage in CSR activities (overcompliance). Three main empirical implications

emerge from this: 1) less regulatory oversight should lead to more CSR activities; 2)

CSR activities should be negatively associated with wages; and 3) less regulatory

oversight should lead to lower wages.

The first implication was the subject of our analysis in the previous section. The

second implication has been documented in prior work. In their discussion on the

subject, for example, Bettignies and Robinson (2018) point to Frank’s (2004) survey

evidence from Cornell graduates documenting a compensating wage differential for

CSR; to a 24% to 38% pay differential between firms with a strong reputation for

CSR and firms with weak reputation (Nyborg and Zhang, 2013); and to recent
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experimental work by Burbano (2016) identifying a negative causal effect of

receiving information about an employer’s CSR on prospective workers’ wage

requirements for a job. In this latter work, Burbano (2016) finds a 44% decrease in

wage bids submitted by workers after learning about the employer’s CSR activities.

In Table 3.13 we examine the third implication, namely the relationship between

regulatory oversight and wages.

[Insert Table 3.13 here.]

The dependent variable in Table 3.13 is wage growth between t− 1 and t in firm

i.14 The wage data comes from Compustat Global.

The key coefficient of interest in Table 3.13 is the Treat× After coefficient,

which measures the difference-in-difference of wage growth in firms affected by the

2013 Act. This coefficient estimate is positive and significant at the 1%, 5% and

10% significance levels in column (1), columns (2) and (3), and columns (4), (5) and

(6), respectively. Consistent with the implication of our model, these results

suggests positive association between regulatory oversight and wage growth.

3.6.2 CSR and Firm Value

A more subtle prediction that arises from the model is that the relation between

CSR and firm value depends on the level of regulatory efficiency in the environment

in which the firm operates. To see this, note that the model divides the parameter

space into three regions of regulatory efficiency: a high region in which CSR is

unnecessary, a middle region in which it is not used, and a low region in which firms

14Following a Mincerian model style (Heckman et al., 2006), we use the log of wage instead of
wage level in the regression analysis.
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rely on CSR. This in turn implies that there is a relation between firm value and

CSR in low regulatory efficiency environments, but not in high ones.

To explore this idea in more detail, we partition the international data according

to the legal origin, then make use of the result in Liang and Renneboog (2017) that

average CSR scores are higher in regions with French and Scandinavian legal origin,

where the state takes on a more aggressive regulatory stance. The prediction is that

the relation between firm value and CSR is strongest in regions where the

regulatory oversight of the state is the weakest.

[Insert Table 3.14 here.]

Table 3.14 provides evidence that supports this prediction. In Table 3.14, the

dependent variable is the market-to-book ratio of the firm. The key independent

variable of interest is the CSR score. In Columns (1) and (2), we report regression

results from the pooled sample. The relation between CSR and firm value is

positive. Columns (3) through (6) divide the sample into British, German, French,

and Scandinavian legal origin, respectively. The results show that the effect is

strongest among the British and German legal origin regions, in which the scope of

state intervention in markets is weakest.

3.7 Conclusion

This paper develops a model in which CSR emerges endogenously as a response to

imperfect regulatory oversight. In a nutshell, when there is demand for good

corporate behavior, poor regulatory oversight creates scope for firms to capture

additional rents beyond by engaging in CSR. When a regulator’s ability to monitor
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firms’ compliance with a regulated ceiling is poor, it may have to set a lax

regulatory ceiling in order to ensure firm compliance. At this lax regulatory level,

however, it becomes optimal for profit-maximizing firms to hire responsible workers

who enjoy engaging in CSR and “over-comply” by selecting actions well below the

level mandated by regulation. Indeed allowing this enables firms to extract rents

from responsible workers through lower wages. A key prediction of our model is that

regulatory oversight ought to have a negative effect on CSR. Conversely, as

regulatory oversight decreases, regulatory ceilings must increase to ensure firm

compliance, thus enabling firms to extract greater rents from responsible workers by

allowing CSR.

We then use a difference-in-difference approach to provide causal evidence of a

negative relationship between regulatory oversight and CSR. The Companies Act

(2013), which required all quoted UK firms to report their GHG emissions in their

annual reports, but which did not affect firms in other European countries,

constitutes a unique quasi-natural experiment setting for our empirical analysis. We

find that after the introduction of the mandatory disclosure policy, UK firms on

average have lower CSR ratings compared to firms from other European countries.

We argue that the mandatory disclosure policy increased regulatory oversight in the

UK, which in turn lead to lower CSR activities in equilibrium among UK firms.

Thus, consistent with our model prediction, we find a negative relationship between

regulatory oversight and CSR.

We find additional support for the model using a sample of U.S. data. In that

part of our analysis, we use changes in industry-level foreign outsourcing to capture

changes in regulators’ ability to monitor firms. We identify a positive relationship
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between industry-level foreign outsourcing and firms’ CSR; again consistent with

the prediction of our model.

Taken together, these findings provide support for the idea that CSR emerges as

a response to weaknesses in regulatory oversight. This, in turn, offers a fresh

perspective on Milton Friedman’s admonitions against the social responsibility of

business. In a world with efficient regulatory oversight, CSR in the sense it is

modeled here would not exist, because it would have no value. But our results

suggest that CSR emerges when demand for good corporate behavior cannot

efficiently be provided by government because the technology it possesses for

monitoring corporate behavior is weak. In such a world, CSR emerges precisely as

Benabou and Tirole (2010) envision, “...as an alternative response to market and

distributive failures. . . ” As the world becomes increasingly globalized and

technology continues to stay in front of regulation, it is easy imagine that the

relative efficiency of CSR will continue to make it an important part of corporate

strategy going forward. Our model shows that the emergence of CSR as a central

element of corporate strategy is not a rebuke to Friedman’s admonition. Instead,

when the rules of the game are poorly enforced, it can arise when firms behave

exactly as Friedman suggested they should.
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Table 3.1: Variable Definitions

This table presents the definitions for the variables used in our empirical analysis.
All variables are measured annually at the firm level, except for industry competition
which is measured at the industry level.

Variables Definitions Sources
CSR (UK) The sum of the total ESG scores from

three dimensions: environment, society,
and governance.

ASSETS4; Sustainalytics

CSR (US) The total number of CSR strengths sub-
tracting the total number of CSR con-
cerns across the following five dimen-
sions: community activities, diversity,
employee relations, environmental poli-
cies, and products’ social benefit.

KLD database

CSR-
Environment

A firm’s pillar score in environmental
performance.

ASSETS4

CSR-SG The average of a firm’s pillar scores in
social and governance performance.

ASSETS4

Foreign Out-
sourcing

The share of the total imported inputs
purchases by industry i of the total in-
termediate input purchases by industry
i in year t.

Bureau of Economic Analysis
Input/Output Tables; Census
of Manufactures

Firm Size Log of firm total assets in a given year. Compustat (for US firms);
Compustat Global (UK/EU).

ROA Operating income before depreciation
divided by book value of total assets,
measured at the end of fiscal year.

Compustat (for US firms);
Compustat Global (UK/EU)

Leverage Book value of debt divided by book
value of total assets measured at the end
of fiscal year.

Compustat (for US firms);
Compustat Global (UK/EU)

Capital Ex-
penditure

A firm’s capital expenditure scaled by
its total assets

Compustat (for US firms);
Compustat Global (UK/EU)

Market-to-
Book

Market value of equity plus book value
of assets minus book value of equity mi-
nus balance sheet deferred taxes divided
by book value of assets.

Compustat (for US firms);
Compustat Global (UK/EU)

Industry Com-
petition

One minus the HHI based on four-digit
SIC industries.

Compustat (for US firms);
Compustat Global (UK/EU)
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Table 3.2: Summary Statistics: CSR

In panel A we report summary statistics on Thomson Reuters ASSET4 Databases. The measure for corporate social
responsibility in Sustainalytics has three dimensions: environment, society, and governance (ESG). We aggregate the
scores from environment, society, and governance dimensions to get the total score of ESG for firms in the UK and
the 15 other European countries we consider, during the period 2005 - 2015, and use this total score as our measure
of CSR. Panel B reports summary statistics for US firms taken from the KLD database. This measure is a net sum
of plusses (+1) and minusses (-1) across a range of specific CSR categories. In Panel C we report summary statistics
based on reporting status for companies that provide environmental data to the CDP project. “Public” means that
the company in question allows its report to be publicly viewed, while Private indicates that the company provides
data for aggregation purposes but does not voluntarily disclose it publicly.

Panel A: Thomas Reuters ASSETS4 Data (UK/EU Firms)
Country Mean Median SD Min Max Firm-

Yrs
Austria 50.85 50.08 12.54 22.11 83.23 178
Belgium 50.55 52.29 16.36 17.14 84.57 283
Denmark 51.37 52.61 15.59 15.44 82.38 252
Finland 56.22 57.22 14.03 21.68 86.74 274
France 62.97 64.09 14.17 23.92 94.33 917
Germany 58.92 60.02 16.62 15.44 95.33 821
Ireland 47.67 45.52 14.68 12.29 84.37 226
Italy 53.64 54.26 18.97 14.04 93.17 502
Luxembourg 54.66 54.36 15.65 15.77 85.63 88
Netherlands 59.58 60.74 16.15 16.09 93.91 394
Norway 57.09 58.15 15.9 18.63 87.7 190
Portugal 59.9 63.88 15.58 20.98 82.46 125
Spain 62.24 64.9 15.92 7.76 92.62 497
Sweden 57.83 59.61 14.2 19.91 86.87 524
Switzerland 53.7 53.36 18.78 12.13 96.17 698
United Kingdom 54.64 54.88 14.88 9.87 94.64 2,186

Panel B: KLD Data (US Firms)
Time Period Mean Median SD Min Max Firm-

Yrs
Net-CSR (2007, 2012) 0.189 0 2.123 -7 15 3,090
Net-CSR (2005-2012) 0.007 0 2.606 -7 17 6,841

Panel C: CDP Data (UK Firms)
Response Status Mean Median SD Min Max Firm-

Yrs
Public 63.75 64.31 8 32.33 89.02 866
Private and N/A 52.5 53.29 6.83 34.15 87.18 501
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Table 3.3: Regulatory Oversight and CSR: UK-EU Pooled Sample

This table presents coefficients estimates of regressions which examine the effect of governments’ ability to monitor
firms’ regulatory compliance on CSR. We use the introduction of the mandatory discolsure of green house gas emissions
to capture the exogenous change in governments’ ability to monitor firms. We construct a UK-EU pooled sample by
pooling UK firms with firms from the other 15 European countries. The dependent variable is CSR for firm i in year
t. “Treat” is a dummy variable that takes on the value one for UK-listed firms, zero for all EU firms in the data.
“After” is a dummy for before or after the introduction of the 2013 Companies Act, which includes years 2011-2015.
“Treat × After” is the interaction term that provides the difference in difference estimate. Specifically, column (1)
presents the results showing the impact of regulatory oversight on CSR. Column (2) includes firm and industry level
characteristics. Columns (3) - (6) further control for year, industry, country, and firm fixed effects respectively. The
sample period is from 2005-2015. All variables are defined in Table 3.1. The t-statistics reported in parentheses below
the coefficient estimates are based on standard errors adjusted for within-firm clustering. Significance at the 10%,
5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)
Treat -1.471* 5.217*** 5.251*** 4.190*** 13.087***

(1.048) (1.003) (1.008) (1.097) (2.174)
After 3.587*** 3.907***

(0.427) (0.461)
Treat×After -2.085*** -2.602*** -2.708*** -2.269*** -2.240*** -1.272*

(0.820) (0.860) (0.864) (0.841) (0.838) (0.801)
Firm Size 5.034*** 5.040*** 5.440*** 6.392*** 2.443***

(0.273) (0.274) (0.308) (0.332) (0.549)
ROA 13.111*** 14.338*** 10.740*** 13.822*** 4.075

(3.933) (3.978) (3.883) (3.768) (3.470)
Leverage -5.438*** -5.554*** -3.758* -6.476*** -0.825

(1.982) (1.979) (2.152) (2.131) (1.761)
Capital Ex-
penditure

-7.467 -5.595 3.016 4.151 9.653

(7.220) (7.284) (8.736) (8.563) (6.369)
Industry Com-
petition

1.197 1.076 -2.595 -2.131 0.778

(1.433) (1.437) (2.174) (2.206) (2.036)
Fixed Effects:
Year No No Yes Yes Yes Yes
Industry No No No Yes Yes No
Country No No No No Yes No
Firm No No No No No Yes
Clusters 1,039 807 807 807 807 807
Observations 8,155 6,416 6,416 6,416 6,416 6,416
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Table 3.4: Regulatory Oversight and CSR: UK-EU Matched Sample

This table presents coefficients estimates of regressions which examine the effect of governments’ ability to
monitor firms’ regulatory compliance on CSR. We construct a UK-EU matched sample by matching each UK
firm with a firm from the other 15 European countries. The dependent variable is CSR for firm i in year t.
“Treat” is a dummy variable that takes on the value one for UK-listed firms, zero for all EU firms in the data.
“After” is a dummy for before or after the introduction of the 2013 Companies Act, which includes years 2011-
2015. “Treat × After” is the interaction term that provides the difference in difference estimate. Specifically,
column (1) presents the results showing the impact of regulatory oversight on CSR. Column (2) includes firm
and industry level characteristics. Columns (3) - (6) further control for year, industry, country, and firm fixed
effects respectively. The sample period is from 2005-2015. All variables are defined in Table 3.1. The t-statistics
reported in parentheses below the coefficient estimates are based on standard errors adjusted for within-firm
clustering. Significance at the 10%, 5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Treat 0.638* 4.128*** 4.299*** 4.161*** 5.545
(1.421) (1.241) (1.247) (1.220) (4.981)

After 3.586*** 3.323***
(0.713) (0.733)

Treat×After -2.083** -2.026** -2.270** -1.701* -1.664* -1.015*
(1.004) (1.002) (1.008) (0.958) (0.949) (0.540)

Firm Size 4.935*** 4.945*** 6.552*** 6.602*** 1.944***
(0.317) (0.318) (0.448) (0.453) (0.719)

ROA 23.885*** 24.692*** 17.501*** 20.15*** 8.934**
(4.782) (4.820) (5.286) (5.089) (3.923)

Leverage -3.711 -3.648 -4.848 -3.931 1.889
(2.711) (2.723) (3.350) (3.297) (2.387)

Capital Expenditure -0.414* -0.322 -0.196 -0.187 -0.012
(0.230) (0.212 ) (0.133) (0.126) (0.065)

Industry Competition -5.213*** -5.319*** -4.782* -4.654* 1.300
(1.760) (1.765) (2.908) (2.796) (2.085)

Fixed Effects:
Year No No Yes Yes Yes Yes
Industry No No No Yes Yes No
Country No No No No Yes No
Firm No No No No No Yes
Clusters 526 499 499 499 499 499
Observations 4,028 3,799 3,799 3,799 3,799 3,799



111

Table 3.5: Difference-in-Difference Analysis for CSR Dynamics

This table reports regression estimates of the CSR dynamics of treatment and control firms sur-
rounding the mandatory regulation in UK in 2011. The dependent variable is CSR for firm i in year
t. The standard errors are adjusted for within-firm clustering. Significance at the 10%, 5%, and 1%
level is indicated by *,**, ***, respectively.

Variables (1) Variables (1) Continued

Treat 14.405*** Treat×Regulation(t− 1) -1.512
(2.371) (1.428)

Regulation (t-5 ) -0.969* Treat×Regulation(t) -3.311**
(0.537) (1.472)

Regulation (t-4 ) 0.321 Treat×Regulation(t+ 1) -2.968**
(0.671) (1.502)

Regulation (t-3 ) 2.197*** Treat×Regulation(t+ 2) -3.058**
(0.701) (1.520)

Regulation (t-2 ) 3.541*** Treat×Regulation(t+ 3) -4.061***
(0.729) (1.572)

Regulation (t-1 ) 5.017*** Treat×Regulation(t+ 4) -4.300***
(0.709) (1.578)

Regulation (t) 5.592*** Firm Size 6.403***
(0.762) (0.332)

Regulation (t+1 ) 5.543*** ROA 14.075***
(0.747) (3.793)

Regulation (t+2 ) 6.096*** Leverage -6.522***
(0.740) (2.137)

Regulation (t+3 ) 5.825*** Capital Expenditure 3.575
(0.788) (8.587)

Regulation (t+4 ) 8.38*** Industry Competition -2.035
(0.760) (2.192)

Treat×Regulation(t− 5) 0.905 Industry Fixed Effects Yes
(1.013)

Treat×Regulation(t− 4) -1.774 Country Fixed Effects Yes
(1.320)

Treat×Regulation(t− 3) -1.786 Clusters 368
(1.411)

Treat×Regulation(t− 2) -2.328 Observations 2,901
(1.458)
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Table 3.6: Regulatory Oversight and CSR: UK Sample

This table presents coefficients estimates of regressions which examine the effect of governments’
ability to monitor firms’ regulatory compliance on CSR. The dependent variable is CSR for firm i in
year t. “Treat” is a dummy variable that takes on the value one for UK-listed firms, zero for all EU
firms in the data. “After” is a dummy for before or after the introduction of the 2013 Companies
Act, which includes years 2011-2015. “Treat × After” is the interaction term that provides the
difference in difference estimate. Specifically, column (1) presents the results showing the impact of
regulatory oversight on CSR. Column (2) includes firm and industry level characteristics. Columns
(3) abd (4) further control for year, industry and firm fixed effects. The sample period is from
2005-2015. All variables are defined in Table 3.1. The t-statistics reported in parentheses below the
coefficient estimates are based on standard errors adjusted for within-firm clustering. Significance
at the 10%, 5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5)

Treat -11.155*** -4.659*** -4.754*** -5.067***
(1.461) (1.491) (1.497) (1.668)

After 3.997*** 3.827***
(0.683) (0.744)

Treat×After -3.272*** -3.596*** -3.554*** -2.102* -2.228*
(1.171) (1.268) (1.277) (1.220) (1.298)

Firm Size 4.985*** 4.966*** 6.546*** 2.999***
(0.395) (0.398) (0.483) (1.132)

ROA 16.148** 17.266*** 6.019 3.410
(6.552) (6.655) (4.502) (3.942)

Leverage -1.589 -1.445 -2.991 -2.430
(2.978) (2.999) (3.884) (3.279)

Capital Expenditure -25.516** -23.951** -4.101 -2.179
(10.446) (10.471) (13.472) (11.590)

Industry Competition -0.616 -0.659 -6.804** -2.916
(1.758) (1.762) (2.882) (2.990)

Fixed Effects:
Year No No Yes Yes Yes
Industry No No No Yes No
Firm No No No No Yes
Clusters 331 262 262 262 262
Observations 2,186 1,928 1,928 1,928 1,928
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Table 3.7: Regulatory Oversight and CSR in Environment

This table presents coefficients estimates of regressions which examine the effect of governments’
ability to monitor firms’ regulatory compliance on the sub-dimensions of CSR ratings. We investigate
the differential impacts of regulatory oversight on firms’ performance in CSR-Environment and CSR-
Nonenvironment. The dependent variable in columns (1), (3), and (5) is CSR-Environment, and the
dependent variable in columns (2), (4), and (6) is CSR-Nonenvironment for firm i in year t. “Treat”
is a dummy variable that takes on the value one for UK-listed firms, zero for all EU firms in the data.
“After” is a dummy for before or after the introduction of the 2013 Companies Act, which includes
years 2011-2015. “Treat × After” is the interaction term that provides the difference in difference
estimate. Columns (1) and (2) present the results based on the UK-EU pooled sample. Columns (3)
- (6) report the results using the UK-EU matched sample and within-UK sample respectively. The
sample period is from 2005-2015. All variables are defined in Table 3.1. The t-statistics reported
in parentheses below the coefficient estimates are based on standard errors adjusted for within-firm
clustering. Significance at the 10%, 5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Treat 10.543*** 26.815*** -1.260 14.260 -7.153*** -9.177**
(3.078) (5.135) (6.482) (11.053) (2.001) (4.049)

Treat×After -3.230*** -2.937 -3.310*** -0.750 -3.457** -3.677
(1.075) (1.955) (1.310) (2.472) (1.681) (2.933)

Firm Size 6.661*** 11.712*** 7.267*** 12.565*** 7.354*** 11.284***
(0.422) (0.727) (0.672) (1.052) (0.687) (1.193)

ROA 14.469** 26.641*** 19.281*** 43.878*** 4.904 18.382
(4.686) (9.033) (5.992) (10.935) (8.126) (12.311)

Leverage -10.006 -9.668** -8.937* -13.824** -8.937* -2.581
(2.683) (4.587) (4.570) (6.844) (5.402) (8.765)

Capital Expenditure -4.187 24.137** -12.107 -25.275 -2.306 (-21.753)
(9.478) (19.793) (12.688) (21.926) (16.394) (31.258)

Industry Competition 0.412 -3.664 -0.186 -3.041 -3.925 -12.100*
(1.972) (3.387) (2.717) (4.654) (3.157) (6.383)

Fixed Effects:
Year Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Country Yes Yes Yes Yes Yes Yes
Clusters 826 826 398 398 252 252
Observations 6,366 6,366 2,966 2,966 2,001 2,001
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Table 3.8: Regulatory Oversight and CSR: Confounds

This table presents coefficients estimates of regressions which examine the effect of governments’
ability to monitor firms’ regulatory compliance on CSR ratings when taking confounds into consid-
eration. Due to the confounding laws or policies during our sample period 2005-2015, we take out of
our sample the firms from France, Norway, Ireland, and Switzerland where there are confounds. The
dependent variable is CSR for firm i in year t. “Treat” is a dummy variable that takes on the value
one for UK-listed firms, zero for all EU firms in the data. “After” is a dummy for before or after
the introduction of the 2013 Companies Act, which includes years 2011 - 2015. “Treat × After” is
the interaction term that provides the difference in difference estimate. Columns (1) - (3) present
the results based on the UK-EU pooled sample, and columns (4) - (6) report the results using the
UK-EU matched sample. The sample period is from 2005 - 2015. All variables are defined in Table
3.1. The t-statistics reported in parentheses below the coefficient estimates are based on standard
errors adjusted for within-firm clustering. Significance at the 10%, 5%, and 1% level is indicated by
*,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Treat 4.735*** 3.038** 11.384*** 3.247** 1.626 3.423
(1.109) (1.311) (2.349) (1.271) (1.459) (3.999)

After 4.296*** 4.229***
(0.627) (0.844)

Treat×After -2.524*** -2.052** -2.140** -2.905*** -2.441** -2.629***
(0.954) (0.918) (0.910) (1.109) (1.061) (1.043)

Firm Size 4.731*** 5.059*** 6.090*** 5.172*** 5.974*** 6.213***
(0.331) (0.384) (0.412) (0.441) (0.496) (0.477)

ROA 8.585* 9.615* 12.054** 14.813*** 12.507** 14.362***
(4.645) (4.946) (4.971) (2.944) (5.391) (5.362)

Leverage -5.327** -3.972 -7.249*** -4.100 -3.972 -5.150
(2.558) (2.762) (2.796) (2.944) (3.430) (3.331)

Capital Expenditure 1.108 10.851 11.638 -9.415 6.741 7.703
(7.871) (8.547) (8.565) (8.046) (9.008) (9.196)

Industry Competition 1.125 -2.376 -1.796 1.855 -0.860 -0.021
(1.644) (1.489) (1.498) (2.158) (1.932) (1.775)

Fixed Effects:
Year No Yes Yes No Yes Yes
Industry No Yes Yes No Yes Yes
Country No No Yes No No Yes
Clusters 634 634 634 405 405 405
Observations 4,803 4,803 4,803 3,031 3,031 3,031
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Table 3.9: Regulatory Oversight and CSR: UK-EU Pooled Sample - Sustainalytics

This table presents coefficients estimates of regressions which examine the effect of governments’
ability to monitor firms’ regulatory compliance on CSR. We use the introduction of the mandatory
discolsure of green house gas emissions to capture the exogenous change in governments’ ability
to monitor firms. We apply a differencne-in-differences approach in the empirical analysis. The
dependent variable is CSR for firm i in year t. Columns (1) - (4) present the results when using
year 2012 to divide the pre-regulation and post-regulation period. Specifically, column (1) presents
the results showing the impact of regulatory oversight on CSR, controlling for industry fixed effects.
Column (2) includes firm and industry level characteristics. Column (3) includes year fixed effects.
Columns (4) further controls for firm fixed effects. Columns (5) and (6) report the results when
using year 2011 to divide the pre-regulation and post-regulation period. The sample period is from
2009-2015. All variables are defined in Table 3.1. The t-statistics reported in parentheses below the
coefficient estimates are based on standard errors adjusted for within-firm clustering. Significance
at the 10%, 5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Treat 1.202* 1.118 0.954 2.262***
(0.730) (0.797) (0.797) (0.839)

After 3.157*** 3.095*** 2.109***
(0.270) (0.289) (0.302)

Treat×After -2.329*** -1.242*** -0.991** -1.226*** -2.717*** -0.974*
(0.463) (0.480) (0.501) (0.423) (0.712) (0.567)

Firm Size 2.919*** 2.941*** 0.486 0.451
(0.221) (0.221) (0.496) (0.495)

ROA 5.904* 6.249** 2.293 2.328
(3.081) (3.61) (2.706) (2.713)

Leverage 0.384 0.278 -0.406 -0.569
(1.980) (1.985) (1.594) (1.603)

Capital Expenditure -7.162 -7.219 1.819 1.937
(7.931) (7.903) (4.668) (4.658)

Industry Competition 0.261 -1.749 -0.184 -0.254
(1.273) (1.323) (1.067) (1.061)

Fixed Effects:
Industry Yes Yes Yes No No No
Year No No Yes Yes No Yes
Firm No No No Yes No Yes
Clusters 1,066 846 846 846 1,066 846
Observations 5,204 4,108 4,108 4,108 5,204 4,108
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Table 3.10: Regulatory Oversight and CSR: UK-EU Matched Sample - Sustainalytics

This table presents coefficients estimates of regressions which examine the effect of governments’
ability to monitor firms’ regulatory compliance and corporate social responsibility. We use the
introduction of the mandatory discolsure of green house gas emissions to capture the exogeous
change in governments’ ability to monitor firms. We apply a differencne-in-differences approach
in the empirical analysis. We construct a matched sample by matching UK firms with firms from
other European countries by industry and firm size. The dependent variable is CSR for firm i in
year t. Columns (1) - (4) present the results when using year 2012 to divide the pre-regulation and
post-regulation period. Specifically, column (1) presents the results showing the impact of regulatory
oversight on CSR, controlling for industry fixed effects. Column (2) includes firm and industry level
characteristics. Column (3) controls for year fixed effects. Column (4) further includes firm fixed
effects. Columns (5) and (6) report the results when using year 2011 to divide the pre-regulation
and post-regulation period. The sample period is from 2009-2015. All variables are defined in Table
3.1. The t-statistics reported in parentheses below the coefficient estimates are based on standard
errors adjusted for within-firm clustering. Significance at the 10%, 5%, and 1% level is indicated by
*, **, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Treat -0.212* 0.221 -0.016 1.249
(0.924) (1.070) (1.070) (1.171)

After 4.488*** 4.353*** 4.007***
(0.565) (0.605) (0.503)

Treat×After -3.461*** -2.440*** -2.120*** -1.703*** -4.615*** -1.107*
(0.666) (0.685) (0.702) (0.648) (0.818) (0.510)

Firm Size 2.453*** 2.481*** 0.770 0.671
(0.428) (0.428) (0.867) (0.873)

ROA 17.357*** 17.917*** 3.772 3.631
(5.924) (5.980) (4.740) (4.788)

Leverage -3.566 -3.746 0.444 0.195
(3.340) (3.348) (2.079) (2.107)

Capital Expenditure -2.612 -3.013 7.178 7.353
(10.150) (10.162) (6.952) (6.820)

Industry Competition -1.474 -2.625 -0.003 -0.057
(2.116) (2.191) (1.755) (1.758)

Fixed Effects:
Industry Yes Yes Yes No No No
Year No No Yes Yes No Yes
Firm No No No Yes No Yes
Clusters 404 317 317 317 404 317
Observations 2,068 1,617 1,617 1,617 2,068 1,617
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Table 3.11: Regulatory Oversight and CSR: UK Sample - Sustainalytics

This table presents coefficients estimates of regressions which examine the effect of governments’
ability to monitor firms’ regulatory compliance and corporate social responsibility. We use the
introduction of the mandatory discolsure of green house gas emissions to capture the exogeous
change in governments’ ability to monitor firms. We apply a differencne-in-differences approach in
the empirical analysis. We construct a sample by assigning UK firms which have voluntarily disclosed
their GHG emissins before the mandatory policy into the control group and the other UK firms into
the treatment group. The dependent variable is CSR for firm i in year t. Columns (1) - (4) present
the results when using year 2012 to divide the pre-regulation and post-regulation period. Specifically,
column (1) presents the results showing the impact of regulatory oversight on CSR, controlling for
industry fixed effects. Column (2) includes firm and industry level characteristics. Column (3)
controls for year fixed effects. Column (4) further includes firm fixed effects. Columns (5) and (6)
report the results when using year 2011 to divide the pre-regulation and post-regulation period. The
sample period is from 2009-2015. All variables are defined in Table 3.1. The t-statistics reported
in parentheses below the coefficient estimates are based on standard errors adjusted for within-firm
clustering. Significance at the 10%, 5%, and 1% level is indicated by *, **, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Treat -6.709*** -3.927** -4.113** -7.295***
(1.364) (1.719) (1.704) (1.796)

After 1.825*** 2.631*** 1.620***
(0.406) (0.501) (0.613)

Treat×After -1.297** -1.863** -1.567** -1.268* -2.692** -2.696*
(0.670) (0.748) (0.741) (0.665) (1.211) (1.438)

Firm Size 1.714*** 1.759*** 0.861 0.989
(0.578) (0.575) (1.276) (1.266)

ROA 15.921*** 16.325*** 9.355** 9.724**
(4.886) (4.826) (4.603) (4.685)

Leverage -5.041 -5.281 1.566 1.031
(3.811) (3.844) (2.107) (2.133)

Capital Expenditure -4.499 -5.447 4.714 6.848
(11.029) (11.001) (7.442) (7.184)

Industry Competition -2.817 -4.3562 0.729 0.706
(2.455) (2.741) (3.033) (3.037)

Fixed Effects:
Industry Yes Yes No Yes No No
Year No No Yes Yes No Yes
Firm No No No Yes No Yes
Clusters 299 233 233 233 299 233
Observations 1,367 1,065 1,065 1,065 1,367 1,065
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Table 3.12: Government Monitoring, CSR, and Outsourcing Intensity

This table presents coefficients estimates of regressions which examine the effect of governments’
ability to monitor firms’ regulatory compliance and CSR. We use the variation in U.S. industry-level
foreign outsourcing to capture the variation in governments’ ability to monitor firms. We construct
sample I based on 405 industries in years 2007 and 2012, and sample II based on 71 industries
from 2005-2016. The dependent variable is CSR for firm i in year t. Columns (1) - (3) present the
results based on sample I. Columns (4) - (6) reports the results based on sample II. Column (4)
shows the result of the impact of industry-level foreign outsourcing on CSR. Column (5) includes
firm and industry level characteristiscs into the model specification. Column (6) further controls
for year and industry fixed effects. All variables are defined in Table 3.1. The t-statistics reported
in parentheses below the coefficient estimates are based on standard errors adjusted for within-firm
clustering. Significance at the 10%, 5%, and 1% level is indicated by *, **, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Foreign Outsourcing 0.641** 1.062*** 2.667** 0.735** 0.688** 1.115**
(0.302) (0.304) (1.084) (0.371) (0.315) (0.514)

Firm Size 0.535*** 0.622*** 0.778*** 0.801***
(0.042) (0.051) (0.066) (0.067)

ROA -0.388* 0.217 -0.407* -0.288
(0.220) (0.252) (0.235) (0.237)

Leverage -0.726*** -0.663*** -0.756*** -0.862***
(0.176) (0.193) (0.266) (0.259)

Market-to-Book 0.150*** 0.084*** 7.380*** 6.192***
(0.031) (0.025) (1.852) (1.832)

Industry Competition -0.354 -1.311*** -0.022 -0.121
(0.232) (0.358) (0.300) (0.318)

Year Fixed Effects No No Yes No No Yes
Industry Fixed Effects No No Yes No No Yes
Clusters 2,017 1,734 1,734 1,445 1,400 1,400
Observations 3,066 2,518 2,518 6,841 6,353 6,353
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Table 3.13: Regulatory Oversight and Employee Wages

This table presents regression estimates of the effect of regulatory oversight on employee wages.
The dependent variable is the employee wage growth for firm i in year t. “Treat” is a dummy
variable that takes on the value one for UK-listed firms that did not voluntarily disclose their
carbon emissions, zero for all other firms. “After” is a dummy for before or after the introduction
of the 2013 Companies Act. “Treat × After” is the interaction term that provides the difference in
difference estimate. Columns (1) and (2) presents the results based on EU and UK pooled sample.
Columns (3) and (4) report the results based on UK-EU matched sample. And columns (5) and
(6) show the results using the UK-only sample. The sample period is from 2005-2015. All other
variables are defined in Table 3.1. The t-statistics reported in parentheses below the coefficient
estimates are based on standard errors adjusted for within-firm clustering. Significance at the 10%,
5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

Treat -0.467*** -0.390*** -0.381**
(0.111) (0.131) (0.161)

Treat×After 0.344*** 0.371*** 0.290** 0.269* 0.278* 0.300*
(0.109) (0.120) (0.138) (0.148) (0.150) (0.164)

Firm Size 0.848*** 0.665*** 0.786*** 0.664*** 0.940*** 0.844***
(0.278) (0.083) (0.048) (0.126) (0.048) (0.165)

ROA 1.160*** 0.337 0.395 0.861 1.898*** 1.591***
(0.345) (0.420) (0.390) (0.541) (0.422) (0.498)

Leverage -1.063*** -0.752** -0.788*** -0.224 -0.309 -0.026
(0.187) (0.324) (0.282) (0.440) (0.404) (0.531)

Capital Expenditure -0.111 0.615 0.828 1.451 3.198** 3.043**
(0.834) (0.905) (1.200) (1.029) (1.276) (1.394)

Industry Competition 0.264 0.083 -0.046 0.251 -0.344 -0.198
(0.275) (0.319) (0.399) (0.459) (0.335) (0.358)

Fixed Effects:
Year Yes Yes Yes Yes Yes Yes
Industry Yes No Yes No Yes No
Firm No Yes No Yes No Yes
Clusters 793 793 397 397 260 260
Observations 5,879 5,879 2,948 2,948 2,037 2,037
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Table 3.14: Firm Value and CSR

This table presents coefficients estimates of regressions which examine the effect of CSR on firm
value. The dependent variable is firm value, measured by Tobin’s Q. We classify firms into four
groups according to their legal origins: English Common Origin, German Civil Origin, French Civil
Origin, and Scandinavian Civil Origin. Clumns (1) and (2) present the results using the whole EU
and UK pooled sample. Columns (3) - (6) report the results based on firms from English Common
Origin, German Civil Origin, French Civil Origin, and Scandinavian Civil Origin respectively. The
sample period is from 2005-2015. All variables are defined in Table 3.1. The t-statistics reported
in parentheses below the coefficient estimates are based on standard errors adjusted for within-firm
clustering. Significance at the 10%, 5%, and 1% level is indicated by *,**, ***, respectively.

Variables (1) (2) (3) (4) (5) (6)

CSR 0.009*** 0.008** 0.018** 0.146*** 0.004 0.014
(0.003) (0.003) (0.009) ) (0.005) (0.003) (0.010)

Firm Size -0.262*** -0.318*** -0.515*** -0.169* -0.244*** -0.664***
(0.049) (0.073) (0.166) (0.088) (0.065) (0.252)

Cash 2.905*** 2.294*** 1.593*** 2.106*** 4.593*** 6.190***
(0.564) (0.504) (0.616) (0.586) (1.1221) (2.220)

Capital Expenditure 2.263 3.916** 0.390 3.549 2.073** 10.212*
(1.651) (1.740) (1.286) (2.204) (1.055) (5.777)

Leverage -0.550 -0.405 -0.339 -0.650 0.167 -2.324*
(0.342) (0.299) (0.533) (0.499) (0.291) (1.312)

R&D Intensity -0.011 -0.039 -1.188 -0.001 -0.506 -7.847***
(0.033) (0.036) (0.778) (0.017) (1.470) (2.964)

Market Share 0.013 0.398* 0.437** -0.128 0.107 -0.436
(0.267) (0.234) (0.216) (0.406) (0.219) (1.157)

Sale Growth 0.000* 0.000 0.000 0.000 -0.001 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Industry Competition -0.153 0.269 0.681** -1.130* 0.249 -0.932
(0.336) (0.326) (0.287) (0.612) (0.226) (1.464)

Fixed Effects:
Industry No Yes Yes Yes Yes Yes
Year No Yes Yes Yes Yes Yes
Clusters 779 779 256 159 248 116
Observations 5,217 5217 1,656 1,109 1,680 772
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Chapter 4

The Effects of Downstream Competition on

Upstream Innovation and Licensing1

4.1 Introduction

Understanding how competition affects innovation is one of the oldest and most

elusive theoretical and empirical challenges in industrial organization and innovation

economics. Schumpeter (1934, 1942) famously argued that competition weakens

incentives to innovate by lowering monopoly rents. In contrast, Stigler’s (1958)

survivor principle argued that competition promotes innovation by weeding out less

innovative, and hence less efficient, firms, and Arrow (1962) suggested that

incumbent monopolists may have weaker innovation incentives because they

internalize the cannibalization of their own existing products.2 Empirical evidence is

equally ambiguous: empirical studies find positive, negative, or non-monotonic

relations between innovation and competition depending on the empirical context.3

1This chapter is co-authored with Jean-Etienne de Bettignies, Bulat Gainullin, and David T.
Robinson.

2More recent work has focused on the connection between competition, agency costs, and inno-
vation; suggesting that competition may spur/hinder innovation by mitigating/exacerbating agency
problems (Hart, 1983; Scharfstein, 1988; Hermalin, 1992; Schmidt, 1997; Raith, 2003; Baggs and
Bettignies, 2007; Bettignies and Ross, 2014).

3Competition has a positive impact on innovation in Geroski (1990), Bertschek (1995) and Blun-
dell et al. (1999); a negative effect in Hashmi (2013), and an inverted-U effect in Aghion et al.
(2005). We discuss our relation to Aghion et al. (2005) in more detail below.
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This paper offers a new perspective on this question. Our analysis is motivated

by the fact that innovations often take place in markets upstream from those in

which the relevant product market competition occurs. In these settings, intellectual

property rights allow for the innovations to be licensed to downstream firms in

technology markets. In the chemical industry, for example, 79% of technology used

is obtained through licensing (Arora and Fosfuri, 2000). We develop and test a

model based on these insights that links competition, technology markets, and

innovation.

In particular, we study how downstream competition between two product

market rivals impacts an upstream innovator’s optimal licensing and innovation

strategies. The model delivers a non-monotonic, U-shaped relation between

downstream competition and upstream innovation. Our empirical analysis confirms

these predictions. Taken together, the results highlight the subtle connection

between competition and innovation across markets that helps to explain the

tenuous relationship emerging from the empirical literature.

We consider a market for technology in which an upstream innovator serves two

downstream firms exogenously located at either end of a Hotelling (1929) line. The

innovator makes an investment in a cost-reducing innovation which, once generated,

can be licensed in the downstream market by one of two means: either the

innovation is licensed to a single competitor through “targeted” licensing, or it is

licensed to both competitors at the same time, which we call “market-wide”

licensing. The upstream innovator chooses a licensing strategy and innovation

policy to maximize her profits, which in turn are a function of the degree of

competition in the downstream market. The strategic implications of the licensing
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choice are critical: targeted licensing allows a single downstream firm to gain a cost

advantage over its rival, which allows it to steal market share. In contrast,

market-wide licensing allows each downstream firm to avoid facing both cost and

demand disadvantages relative to its rival. In a sense, targeted licensing confers an

offensive advantage while market-wide licensing confers a defensive advantage. We

exploit this difference between licensing strategies to derive and explain two key

insights linking competition and innovation.

The first insight links downstream competition to optimal licensing

arrangements. First, competition increases the innovator’s licensing revenue from

targeted licensing, but reduces her revenue from market-wide licensing, thereby

unambiguously increasing the relative appeal of targeted licensing to the innovator.

This occurs because competition has two offsetting effects on licensing revenue. On

the one hand, it leads downstream firms to lower their prices and hence their

margins. This rent reduction effect reduces downstream firms’ willingness to pay for

the license, and in turn the innovator’s licensing revenue under both licensing

strategies. On the other hand, competition enables a firm with a small

innovation-driven cost advantage to “steal” more business from its rival and to

increase demand at their expense. Under targeted licensing, this business stealing

effect increases a sole licensee’s payoff, which increases that firm’s willingness to pay

for the license and hence the innovator’s licensing revenue. Under market-wide

licensing, business stealing increases both firms’ willingness to pay by decreasing the

payoff that they would obtain if they did not purchase the license while the other

firm did. Thus business stealing increases licensing revenue under both licensing

strategies.
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The distinct effects of competition on licensing revenue across licensing strategies

come from the differential strength of the business stealing effect. Under targeted

licensing, business stealing effect is strong. Competition increases the demand

advantage of the licensed firm, and this increase in demand has large effect on that

firm’s payoff because as mentioned above that firm - having gained a cost advantage

over its rival - enjoys a large markup. In this case business stealing dominates rent

reduction, and the net impact of competition on the licensing candidate’s willingness

to pay for the license is positive. In contrast, under market-wide licensing, business

stealing is weak. Competition exacerbates the demand disadvantage each firm

would have if it did not purchase the license while its rival did, but the impact of

this decrease in demand on the firm’s payoff is small because the firm with a cost

disadvantage relative to its rival would enjoy a smaller markup. Thus, in that case,

business stealing is dominated by rent reduction, and the net impact of competition

on the licensing candidate’s willingness to pay for the license is negative.

The second key insight of the model concerns the impact of downstream

competition on the upstream innovator’s incentives to innovate, which differs across

licensing strategies. Competition affects the innovator’s marginal benefit from

innovation through business stealing and rent reduction effects in a similar manner

to that described above. Larger demands and markups under targeted licensing

generate a strong business stealing effect, strong enough to offset rent reduction and

to yield a positive effect of competition on innovation. In contrast, lower demands

and markups under market-wide licensing generate a weak business stealing effect

and a negative impact of competition on innovation.

Taken together, these insights show that the relationship between downstream
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competition and upstream innovation is inextricably connected to the innovator’s

licensing strategy. Indeed, we show that a threshold level of downstream competition

may exist such that below this threshold market-wide licensing is optimal and

innovation decreases with competition; while above the threshold targeted licensing

is optimal and innovation increases with competition. In sum, the model predicts a

non-monotonic, U-shaped relation between downstream competition and upstream

innovation, with a switch-point driven by licensing considerations.

The second part of our analysis tests two key predictions from our model using a

large panel of publicly traded U.S. firms over the period 1976− 2006. The first

prediction regards the U-shaped relation between downstream competition and

upstream innovation. Simple descriptive tests linking patenting activity to a

downstream industry’s Lerner index clearly reveal a U-shaped relationship between

downstream competition and upstream innovation. But tests of this nature are

fraught with endogeneity concerns, because future profitability in an industry affects

both the incentive to innovate as well as the incentives for challengers to enter the

market. To address these, we use the reductions in import tariff rates as an

exogenous shock to the competitive structure of an industry. The key to our

identification strategy rests in the fact that firms in industries with large reductions

in import tariff rates face higher competition, but the reduction of import tariffs has

no direct impact on the optimal choice of licensing strategies except through the

change in downstream demand conditions.

Overall our identification strategy supports the idea that downstream

competition has a non-linear causal impact on upstream innovation. Regardless of

whether we model the threshold analytically or simply split the data at the median
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level of competitiveness, we find that innovation decreases with competition below

the threshold and increases with competition above it.

The second piece of our empirical analysis implicates licensing choices as a key

channel behind the U-shaped relation. Consistent with the theoretical model, data

on strategic alliance and licensing deals illustrates that downstream competition

increases the appeal of targeted licensing relative to market-wide licensing; and

upstream innovation increases (decreases) in downstream competition under

targeted (market-wide) licensing.

The balance of the paper proceeds as follows. Section 4.2 provides a review of

the relevant literature. In Section 4.3, we set up the basic model and derive

equilibrium outcomes under market-wide and targeted licensing. Section 4.4

analyzes the effects of competition on the innovator’s optimal licensing and

innovation strategies. In Section 4.5, we introduce the data required to test the

model, while in Section 4.6, we present the main empirical findings. Section 4.7

introduces a set of empirical robustness checks. Finally, Section 4.8 concludes. The

proofs of Lemmas 1 and 2, and of Proposition 6 are in the Appendix B; all other

proofs follow directly from the text.

4.2 Literature Review

Our paper is related to research in both economics and strategic management.

Within the literature on economics, our model is related to the theoretical literature

on competition and innovation, which goes back to Stigler’s (1958) “survivor

principle”: competition promotes innovation by weeding out less innovative, and

hence less efficient, firms in the industry. More recently, the literature has focused
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on the connection between competition, agency costs, and innovation; suggesting

that competition may spur/hinder innovation by mitigating/exacerbating agency

problems (Hart, 1983; Scharfstein, 1988; Hermalin, 1992; Schmidt, 1997; Raith,

2003; Baggs and Bettignies, 2007; Bettignies and Ross, 2014). And as detailed in

Vives’s (2008) comprehensive analysis of the competition-innovation connection

under various demand specifications, even absent agency costs, competition may -

by affecting firms’ marginal product of innovation - have an impact on equilibrium

innovation.4 In this literature, though, all innovation investments are made by

competing firms, and upstream innovation is not considered.

Our model is also related to the literature on “outsider patentee” licensing, i.e.

the strand of the licensing literature which assumes that the innovation is

undertaken by an upstream innovator who then licenses the innovation to firms

competing in the downstream product market.5 This line of research examines

various aspects of licensing - e.g. number of licenses to be sold, welfare implications,

timing of licensing - under different licensing environments, including fixed fees or

royalties (Kamien and Tauman, 1986), auctions (Katz and Shapiro, 1986; Muto,

1993; Schmitz, 2002; Poddar and Sinha, 2004), two-part tariffs (Kamien and

Tauman, 1984; Fauli-Oller and Sandonis, 2002, 2012; Erutku and Richelle, 2007; Sen

and Tauman, 2007; Farrell and Shapiro, 2008), and bargaining (Allain, Henry, and

Kyle, 2011). However it tends to treat innovation as exogenous rather than as an

4See also Cabral and Riordan (1989) for an analysis of incentives for cost reduction under price-
cap regulation.

5The other key strand of the licensing literature - on “insider patentee” licensing (e.g. Gallini,
1984; Gallini and Winter, 1985; Katz and Shapiro, 1987; Fauli-Oller and Sandonis, 2002; Arora
and Fosfuri, 2003; Erkal, 2005) - examines the voluntary transfer of technology/innovation from
one downstream competitor to another. Within this line of research, Gallini and Winter (1985)
- in comparing endogenous innovation levels by downstream competitors when licensing is and is
not allowed - is perhaps closest to our paper. But their model does not consider outsider patentee
licensing, nor does it examine the impact of competition on licensing or innovation.
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endogenously determined variable; and generally fails to consider the impact of

competition on innovation and licensing strategies;6 two key limitations given our

purpose here.7

Three noteworthy exceptions include Arrow’s (1962) classic paper on competition

and innovation, which suggests that innovation incentives should be greater for an

upstream innovator selling to firms in a competitive downstream market than for a

monopolist in that downstream market; Fauli-Oller et al.’s (2011) work showing

that mergers in a downstream market (and the concomitant reduction in

competition) should be associated with increased R&D investments by the upstream

innovator supplying the downstream competitors;8 and Fauli-Oller et al.’s (2013)

paper examining the differential innovation incentives by outsider and insider

patentees licensing an innovation in a differentiated market. Importantly, in Arrow

(1962) and in Fauli-Oller et al. (2011, 2013) the innovator supplies all of the

downstream competitors. In contrast, we show that the innovator’s licensing

decision is itself a function of competition in the industry, and may directly affect

the innovator’s R&D strategy.

6Allain et al. (2011) do examine the impact of market structure in a licensing model, but their
focus is on the timing of licensing rather than on the innovation itself, which remains exogenous
to the model. More closely related perhaps is the work of Sen and Tauman (2007), which consid-
ers the interaction between downstream market size, whether the innovator is an outsider or an
insider patentee, the (exogenous) magnitude of innovation, and the innovator’s choice of innovation
probability and licensing strategy.

7The recent work of Chatain (2014) examines the “the interplay between product market, strate-
gic factor market, and resource development” in a framework that could be interpreted as one of
outsider patentee licensing; and in that sense addresses a research question similar to ours. Our
approach departs from his in two critical ways. First, we use a location model of competition (in
contrast to his reduced-form approach to modeling competition) to place strategic interaction in the
downstream product market at the forefront of the analysis. Second, we endogenize not only innova-
tion decisions but also the licensing decisions, thus allowing us to unpack the specific, simultaneous
and related effects of competition on both licensing and innovation strategies.

8A related line of research examines the effects of downstream buyer power - rather than down-
stream product market competition - on upstream investment incentives. See for example Chen
(2004), Battigalli et al. (2007), Inderst and Shaffer (2007), and Inderst and Wey (2003, 2007, 2011).
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Also closely related to this paper are the works of Arora and Fosfuri (2003) and

Bagchi (2008), which examine the impact of competition - measured as the degree

of product homogeneity - on innovators’ licensing decision.9 In particular, when the

innovator is a downstream competitor (Arora and Fosfuri, 2003), competition is

shown to lead to more licensing, whereas when in the case of an outsider patentee

(Bagchi, 2008) it leads to less licensing. Importantly, a firm’s innovation is

exogenous in these models, thus precluding any analysis of the central question

addressed here, namely the impact of competition on innovation when licensing

plays an important role.

Our theoretical model contributes to both competition-innovation and licensing

literatures, indeed providing a valuable link between them. On the one hand, it

examines the competition-innovation relationship in a new light, through upstream

licensing. On the other hand, it extends the licensing literature by placing

competitive interaction and its effects at the centre of the analysis, and by

9See also Siebert and von Graevenitz (2010), which examines the impact of product market
competition on the choice between ex ante and ex post licensing.
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endogenizing both licensing10 and innovation strategies.

The empirical literature on the impact of competition on innovation appears to

be somewhat ambiguous. Competition is shown to have a positive (Geroski, 1990;

Bertschek, 1995; Blundell et al., 1999), negative (Hashmi, 2013), or inverted-U

(Aghion et al., 2005) effect on innovation. Similarly, in the trade literature the

evidence points to both a positive (Teshima, 2010; Bloom et al., 2016) and a

negative (Sherer and Huh, 1992; Gorodnichenko et al., 2010) relationship between

competitive pressure from imports and innovation, and hence again fails to provide

clear, unambiguous results. While the focus of the literature on competition and

innovation has been on innovation by competitors in the product market, in fact

innovation is often performed upstream from these competitors, with the innovation

being licensed to the downstream rivals in a vertical technology market (Arora et

al., 2001, p.6). However, much less work has been done to analyze empirically the

impact of downstream competition on upstream innovation11 , and the underlying

10 Our innovator’s endogenous choice - under certain conditions - to license the innovation to one
downstream firm only de facto excludes the other downstream firm and brings our model closer to
the literature on vertical foreclosure (see review by Rey and Tirole, 2007). This line of research is
primarily concerned about whether or not vertical foreclosure is anti-competitive. On the one hand,
advocates of the “Chicago School”(Posner, 1976; Bork, 1978) argue that an upstream monopolist
could extract monopoly profits over both upstream and downstream markets by contracting with
both downstream firms, and hence has no incentive for vertical foreclosure - in the form of exclusive
dealing or vertical integration - except for efficiency reasons. On the other hand, proponents of the
“foreclosure doctrine” show that the upstream monopolist may not be able to achieve monopoly
profits over both markets, due for example to commitment problems (Hart and Tirole, 1990); and
may thus use vertical foreclosure anti-competitively to restore monopoly power. Our model abstracts
from this debate, and focuses instead on the relationship between downstream competition, upstream
innovation and licensing decisions. Fumagalli and Motta (2006) and Abito and Wright (2008) show
that exclusive contracts may emerge when downstream competition is high and low, respectively,
but in a different framework in which the purpose of exclusive dealing is to foreclose entry to a more
efficient upstream supplier. Stefanadis (1997) considers an innovation contest between two upstream
suppliers and shows that they may each enter exclusive contracts with downstream suppliers as
commitment devices to reduce their upstream rival’s incentives to innovate.

11See, e.g., the work of Sanyal and Ghosh (2013). They focus on U.S. electricity industry and find
that downstream competition negatively affects upstream innovation.
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economic mechanism. Our paper contributes to the empirical literature by providing

evidence of a U-shaped relationship between downstream competition and upstream

innovation, and by exploring the channel of upstream licensing strategy through

which downstream competition has a U-shaped impact on upstream innovation.

Within the strategic management discipline, our paper is related to the

value-based strategy literature, which examines how firms create and capture value

when they compete or cooperate with other firms. Lepak, Smith, and Taylor (2007)

suggest that critical resources can ensure firms’ value capture (Barney, 1991)12

whereas competition may reduce firms’ ability to capture value.13 While they

consider the impact of competition on value capture by firms within that industry,

we show that a firm’s ability to capture value may be affected by downstream

industry competition through licensing strategies. Related as well is the research on

value creation and capture along industry value chain. Adner and Kapoor (2010)

suggest that in a ecosystem environment, a focal firm’s value creation from its

innovation hinges on components delivered by upstream suppliers as well as

complements from downstream buyers. They find that the challenges faced by

upstream suppliers enhance a technology leader’ competitive advantage, while the

challenges faced by downstream buyers reduce it. Elfenbein and Zenger (2017)

suggest that a firm may capture more value by developing relationships with new

suppliers than by repeating interactions with existing ones, even though the latter

may increase the value created. Importantly, however, this line of research generally

does not consider the impact of downstream industry competition on upstream

12See also Chatain (2010), who uses data from law firms in the United Kingdom and finds that
added value, measured at the level of each buyer-supplier relationship, drives relationship stability
and supplier firm profitability.

13As well, MacDonald and Ryall (2004) build a general coalitional game model to examine how
competition among economic actors determines the value appropriation possibilities for an innovator.
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firms’ value creation and capture.14 Also related is the work of Chatain and Zemsky

(2011), which studies how ”frictions” in the industry value chain, by keeping parties

from meeting and transacting, may affect firms’ value creation and capture; and

finds that firms with competitive advantage prefer industries with less frictions. In a

way, our model endogenizes the level of frictions, by allowing the innovator to

choose to transact with one or more downstream firms through licensing strategies.

Another related line of research within strategic management is the strategic

factor markets literature, which examines the conditions under which resource

buyers make an economic profit, but assume. Our paper relaxes two key

assumptions from this line of research - namely that resource suppliers take no

specific action and that resource buyers are not competing in the product market15 -

by exploring upstream sellers’ innovation and licensing decisions, and by considering

the impact of competition among downstream buyers.

Finally, our work is related to the competitive strategy literature that focuses on

firms’ scope strategies - either specializing to serve specific market or broadening to

become generalists - and on the conditions under which these strategies become

optimal (e.g. Chatain and Zemsky, 2007; Adner et al.). Instead of focusing on the

determinants of firms’ optimal scope strategies to enhance firms’ competitive

advantage,16 our paper suggests that firms’ optimal licensing choice, as part of their

competitive strategy, is endogenously determined by considering the impact of

14One exception is Stuart (2015), who considers buyer competition and finds that it is beneficial
for upstream firms profitability. We show that this relationship is non-monotonic and non-trivial, in
part because whether upstream firms can capture value further depends on their choice of licensing
strategies.

15Chatain (2014) also does consider product market competition - see footnote 7.
16For example, Chatain and Zemsky (2007) develop a biform game to show how three scope

strategies - specialist, generalist, and hybrid - depends on organizational tradeoffs and bargaining
power of suppliers relative to buyers. Adner et al. (2016) suggest that the interplay between demand
heterogeneity and technology scalability determines whether a generalist dominates specialists.
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product market competition in downstream industries.

4.3 Basic Model

4.3.1 Setup

The setup of the model can be described as follows:

Firms and Consumer. Two firms, 1 and 2, are positioned at each end of a

Hotelling (1929) line, with locations x1 = 0 and x2 = 1, respectively. The two firms

face marginal costs c1 = c2 = c, and compete in price p.

Without loss of generality we posit that a unique consumer, whose location is

random and uniformly distributed along the line, purchases one unit of the product

from either Firm 1 or Firm 2. Firms 1 and 2 know the distribution of the location of

the consumer, but they do not know the actual location on the line. At location x,

the consumer incurs a transport cost tx for travelling to Firm 1 and a cost t (1− x)

to visit Firm 2. The consumer enjoys conditional indirect utility U1 = s− p1 − tx

from product 1 and U2 = s− p2 − t (1− x) from product 2 (where s represents

income), and selects the utility-maximizing product. The resulting expected

demand for Firm i, i = 1, 2, is:

di (pi, pj, t) =
1

2
+

(pj − pi)
2t

. (4.1)

Product Market Competition. The “Hotelling” parameterization of

competition is a natural choice here, for two main reasons. First, given our ultimate

purpose - comparative statics on the degree of competition - the transport cost t,

which measures the degree of horizontal product differentiation, or rather its inverse
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θ = 1/t which captures the degree of homogeneity between products, is an ideal

parameter to represent what Sutton (1992, p.9) defined in his classic work as

toughness of competition. Second, the Hotelling model is the simplest and most

tractable framework to work with, relative to other candidate modeling choices, and

indeed offers general insights at the lowest analytical cost. Thus, as is common in

the industrial organization literature, throughout the paper we use the degree of

substitutability between products, θ, as our measure of competition. We restrict our

attention to value of θ ∈ Θ with Θ ≡ (0, 9/2), which ensures strict concavity of all

maximization programs as well as positive equilibrium prices, demands and profits

(see proofs of Lemmas 1 and 2).17

Innovation. Upstream from the two product market competitors, an innovator

is working on an innovation that can be licensed to the downstream firms. For

simplicity and concreteness, we refer to this as a cost-reducing innovation, but a

value-enhancing innovation works same here as it also leads to quality improvement

of downstream firms’ products. The innovator has two alternatives. Under targeted

licensing, she chooses innovation level ∆T and licenses it to Firm 1 only. We assume

the innovator can commit to license to only one firm under targeted licensing; for

example by making the innovation specific to that one firm, or contractually

granting exclusive use of the innovation to that one firm.18 Under market-wide

licensing, she chooses innovation level ∆M and licenses it to both firms 1 and 2. An

innovation ∆ benefits the licensees by reducing their marginal cost of production by

17In setting this type of simplifying parametric restriction we follow Raith (2003) and others.
18Commitment is important here. As is well-known from the foreclosure literature (see footnote

10), the innovator may have an incentive to sell a license to the second downstream firm after having
sold a license to the first one. Anticipating this, the first licensee would have a lower willingness to
pay for the license in the first place.
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∆; and costs the innovator KT (∆) = ∆2/2 under targeted licensing and

KM (∆) = ∆2/2 + h, with h ∈ R+, under market-wide licensing. Parameter h

captures all additional transaction costs associated with negotiating the second

license under market-wide licensing.

Contracts. We assume that downstream rivals’ profits and output cannot be

verified by third parties such as courts, and are thus not contractible. This could

arise for example if downstream managers can spend cash flows on “perks” which

“may be difficult to distinguish from appropriate business decisions [...]” (Bolton

and Scharfstein, 1996). This contractual incompleteness rules out two-part tariffs

(fixed fee plus royalty) - which are based on profits or output measures - as possible

licensing frameworks. We also assume that transaction costs associated with setting

up auctions are prohibitively high, making auctions difficult to implement.

Accordingly throughout the main text we focus on fixed fees as the licensing

contracts between the innovator and downstream firms. This is not an unrealistic

assumption. In the chemical industry for instance, contracts usually include fixed

fees. While some innovators may set royalties on output, determined by industry

norms at around 2%, others, like SEFs for instance, “tend to favor lump sum

payments, unwilling or unable to track how the project does after commissioning”

(Arora and Fosfuri, 2000). In Appendix B we also consider licensing contracts based

on auctions, and on two-part tariffs; and show that qualitatively similar results

continue to hold.

Thus, we assume that under market-wide licensing innovation ∆M is licensed to

firms 1 and 2, respectively, for license fees z1M and z2M ; and that under targeted

licensing, innovation ∆T is licensed to Firm 1 for license fee z1T .
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Timing of the Game. At date 0, the innovator chooses between market-wide

licensing and targeted licensing. At date 1, under market-wide licensing, the

innovator selects {∆M , zM1, zM2}; and under targeted licensing she selects

{∆T , z1T}. At date 2, firms offered a license decide whether or not to purchase it,

taking the license fee as given. Marginal costs of production are determined. At

date 3, after observing each other’s marginal costs, firms 1 and 2 compete in price.

Demands and profits are realized.

4.3.2 Market-Wide Licensing

Suppose the innovator plans to license innovations to both downstream firms. We

derive the equilibrium by backward induction.

At date 3, price competition takes place between firms 1 and 2. Specifically, Firm

i, i = 1, 2, chooses pi to maximize its expected payoff, taking costs and innovations

as given:

max
pi
πi (∆i, pi, pj, θ) = max

pi
(pi − c+ ∆M) di (pi, pj, θ) , (4.2)

with expected demand di (pi, pj, θ) defined as in (4.1). Taking the first-order

conditions (FOCs) with respect to price for i = 1, 2 and solving the resulting system

of two equations yields the following equilibrium price-cost margin Pi:

Pi = pi − c+ ∆i =
1

θ
+

∆i −∆j

3
. (4.3)

Substituting equilibrium prices back into the expected demand, we obtain an
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expression for expected profits as a function of innovations:

πi (∆i,∆j, θ) = Pi (∆i,∆j, θ) di (∆i,∆j, θ) =

[
1

θ
+

∆i −∆j

3

] [
1

2
+

(∆i −∆j) θ

6

]
,

(4.4)

where di =
[

1
2

+
(∆i−∆j)θ

6

]
is the expected demand for Firm i. Under market-wide

licensing, of course, ∆i = ∆j = ∆M , and Firm i’s expected profits simplify to

πi (∆iM ,∆jM , θ) = 1/ (2θ).

At date 2, as can readily be shown, in equilibrium Firm i licenses innovation ∆M

from the innovator if and only if (iff) the payoff it can obtain if it buys the license is

at least as large as its payoff if it does not buy the license:

πi (∆i,∆j, θ)− ziM (∆i,∆j, θ) ≥ πi (0,∆j, θ), with ∆i = ∆j = ∆M .

At date 1, the foresighted innovator sets the highest license fee ziM that she can

extract from Firm i, subject to both firms buying the license, which is simply:

ziM (∆M , θ) = πi (∆M ,∆M , θ)−πi (0,∆M , θ) =
1

2θ
−
[

1

θ
− ∆M

3

] [
1

2
− ∆Mθ

6

]
. (4.5)

Under market-wide licensing, Firm i takes as given that Firm j has access to

innovation ∆M . The optimal license fee to charge Firm i - which is Firm i’s

willingness to pay for the license - is the difference between Firm i’s profits if it

obtains access to innovation ∆M -“symmetric profits” πi (∆M ,∆M , θ), since in this

case both rivals have access to the same innovation - and its profits without access

to the innovation -“laggard profits” πi (0,∆M , θ), since in that case Firm i has no
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access to the innovation while Firm j does.19 The innovator chooses innovation ∆∗M

to maximize the following payoff:

ZM = z1M (∆M , θ) + z2M (∆M , θ)−KM (∆M) . (4.6)

Using expression (4.6), and taking the FOC with respect to ∆M , yields ∆∗M such

that:

− ∂π1

∂∆2

(0,∆∗M , θ)−
∂π2

∂∆1

(0,∆∗M , θ) =
∂K

∂∆M

(∆∗M) . (4.7)

Clearly, a marginal increase in innovation ∆M has no impact on symmetric

profits: ∂πi
∂∆M

(∆M ,∆M , θ) = ∂(1/2θ)
∂∆M

= 0. This is because an increase in ∆M

identically lowers the marginal costs of both firms, and these identical changes in

marginal costs neutralize each other in the profit function.

In contrast, a marginal increase in innovation ∆M does reduce laggard profits for

firms 1 and 2. An increase in ∆M reduces the profits that Firm 1 (resp. 2) makes if

it does not license the innovation, because it increases the cost disadvantage Firm 1

would have relative to a licensed Firm 2 (resp. 1) in that case. By decreasing Firm

1’s and Firm 2’s laggard profits, an increase in ∆M raises these firms’ willingness to

pay to license the innovation in order to avoid this laggard situation. These

marginal effects on the firms’ willingness to pay and hence on the innovator’s

19This is a so-called “offer game,” in which the principal (innovator) makes simultaneous offers to
the agents (downstream firms), examined by Segal (1999, 2003), Genicot and Ray (2006), and more
recently Galasso (2008), among others. Equation (10.3) defines the cheapest way for the principal to
ensure “acceptance” by agents, i.e. to have (accept, accept) as a Nash equilibrium. In principle, even
if (10.3) holds, (reject, reject) may also be an equilibrium. Segal (1999) simply rules this equilibrium
out by assuming that the principal can coordinate agents on his preferred equilibrium. We do not
need this assumption here, as one can readily verifiy that - in our Hotelling framework, at the
equilibrium innovation level ∆∗

M = 6
9+2θ - we have πi (∆∗

M , 0, θ)− [πi (∆∗
M ,∆

∗
M , θ)− πi (0,∆∗

M , θ)] >
πi (0, 0, θ), for i = 1, 2, ruling out (reject, reject) as an equilibrium.
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licensing revenue are depicted on the left-hand side of (4.7). The right-hand side

represents the innovator’s marginal cost of innovating. As shown in Appendix B,

solving the FOC for ∆∗M yields a unique equilibrium:

Lemma 1. Under market-wide licensing, a unique equilibrium exists, in which the

innovator chooses innovation levels ∆∗M = 6
9+2θ

. This in turn implies downstream

price-cost margins P1 (∆∗M ,∆
∗
M , θ) = P2 (∆∗M ,∆

∗
M , θ) = 1/θ; and expected demands

d1 (∆∗M ,∆
∗
M , θ) = d2 (∆∗M ,∆

∗
M , θ) = 1/2. License fees, and payoff to the innovator,

simplify to z1M = z2M = 2(9+θ)

(9+2θ)2
, and Z∗M = 2

(9+2θ)
− h, respectively.

4.3.3 Targeted Licensing

Suppose now that the innovator plans to license her innovation to Firm 1 only.

Then:

At date 3, given that the innovator has licensed innovation ∆T to Firm 1 but not

to Firm 2, price competition is the same as in Section 4.3.2, and profits for firms 1

and 2 can be expressed using (4.4) as π1 (∆T , 0, θ) and π2 (0,∆T , θ), respectively.

At date 2, in equilibrium Firm 1 licenses innovation ∆T from the innovator iff the

payoff it can obtain if it buys the license is at least as large as its payoff if it does

not buy the license: π1 (∆T , 0, θ)− z12 (∆T , 0, θ) ≥ π1 (0, 0, θ).

At date 1, the foresighted innovator sets the highest license fee zT that she can

extract from Firm 1, which is simply:

z1T (∆T , θ) = π1 (∆T , 0, θ)− π1 (0, 0, θ) =

[
1

θ
+

∆T

3

] [
1

2
+

∆T θ

6

]
− 1

2θ
. (4.8)

Under targeted licensing, Firm 1 takes as given that Firm 2 does not have access to

innovation ∆T . The optimal license fee to charge Firm 1 - Firm 1’s willingness to
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pay for the license - is the difference between its profits if it obtains access to

innovation ∆T - “leader profits” πi (∆T , 0, θ), since in this case Firm 1 has access to

the innovation while Firm 2 does not - and its profits without access to the

innovation - “symmetric profits” πi (0, 0, θ), since in that case neither firm has

access to the innovation.20

The innovator chooses innovation ∆∗T to maximize the following payoff:

ZT = z1T (∆T , θ)−KT (∆T ) . (4.9)

Using expression (4.9), and taking the FOC with respect to ∆T , yields ∆∗T such

that:21

∂π1

∂∆1

(∆∗T , 0, θ) =
∂KT

∂∆T

(∆∗T ) . (4.10)

Under targeted licensing, the innovator’s marginal benefit from innovation ∆T

works by increasing Firm 1’s innovation advantage if it does obtain access to the

innovation, thus increasing Firm 1’s leader profits. This in turn increases Firm 1’s

willingness to pay for the innovation, and the innovator’s equilibrium licensing

revenue. As shown in Appendix B, solving the FOCs for ∆∗T , one obtains a unique

equilibrium:

Lemma 2. Under targeted licensing, a unique equilibrium exists, in which the

innovator chooses innovation level ∆∗T = 3
9−θ . This in turn implies downstream

price-cost margins P1 (∆∗T , 0, θ) =
[

1
θ

+
∆∗T
3

]
and P2 (0,∆∗T , θ) =

[
1
θ
− ∆∗T

3

]
; and

expected demands d1 (∆∗T , 0, θ) =
[

1
2

+
θ∆∗T

6

]
and d2 (0,∆∗T , θ) =

[
1
2
− θ∆∗T

6

]
. License

20Alternatively, we could assume that in the event Firm 1 does not gain access to the innovation,
Firm 2 would do so. This alternative setup is examined in the Auction Scenario in Appendix B,
where similar results are shown to arise.

21Note that ∆T has no impact on firm 1’s no-access profits: ∂π1 (0, 0, θ) /∂∆T = 0.
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fees, and payoff to the innovator, simplify to z∗1T = 18−θ
2(9−θ)2 , and Z∗T = 1

18−2θ
,

respectively.

Note that here intra-industry differential firm performance emerges endogenously,

similar to Zott (2003): expected profits are greater for Firm 1 than for Firm 2.

While in Zott’s work this differential arises from differences in the timing, cost, and

learning of resource development, here we emphasize the market for technology and

the upstream innovator’s licensing strategy generating this differential.

4.4 Competition, Licensing and Innovation

The foregoing analysis suggests a key difference between the two types of licensing.

On the one hand, targeted licensing allows one downstream firm to gain a cost

advantage over its rival, and thus to benefit from strong demand and a large

markup. On the other hand, market-wide licensing allows each downstream firm to

avoid facing a cost disadvantage relative to its rival, a situation which would yield

weak demand and a small markup. This in turn helps explain the key results of the

paper, which we present below.

4.4.1 Optimal Licensing Strategy

A key difference between the two licensing strategies concerns the way in which

competition affects the innovator’s licensing payoffs. Indeed, as is evident from

Lemmas 1 and 2:

Proposition 5. The innovator’s equilibrium payoff under market-wide licensing,

Z∗M = 2
(9+2θ)

− h, is strictly decreasing in competition. In contrast, the equilibrium

payoff under targeted licensing, Z∗T = 1
18−2θ

, is strictly increasing in competition.
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Thus competition unambiguously increases the appeal of targeted licensing relative to

market-wide licensing.

To see the intuition behind these results, consider the impact of competition on

the market-wide licensing payoff Z∗M and on the targeted licensing payoff Z∗T ,

respectively:2223

∂Z∗M
∂θ

=
2∑
i=1

∂ziM (∆M , θ)

∂θ
=

2∑
i=1

∂ [πi (∆M ,∆M , θ)− πi (0,∆M , θ)]

∂θ
(4.11)

=
2∑
i=1

[
∂Pi (∆M ,∆M , θ)

∂θ
di (∆M ,∆M , θ)−

∂Pi (0,∆M , θ)

∂θ
di (0,∆M , θ)

]

+
2∑
i=1

[
−∂di (0,∆M , θ)

∂θ
Pi (0,∆M , θ)

]

and:

∂Z∗T
∂θ

=
∂z∗T (∆T , θ)

∂θ
=
∂ [π1 (∆T , 0, θ)− π1 (0, 0, θ)]

∂θ

=

[
∂P1 (∆T , 0, θ)

∂θ
d1 (∆T , 0, θ)−

∂P1 (0, 0, θ)

∂θ
d1 (0, 0, θ)

]
(4.12)

+

[
∂d1 (∆T , 0, θ)

∂θ
P1 (∆T , 0, θ)

]
.

Competition affects the innovator’s licensing payoffs in two primary ways. First,

it induces firms to lower their prices: using expression (4.4), one can see that

regardless of the values of ∆i and ∆j, ∂Pi (∆i,∆j, θ) /∂θ = −1/θ2 < 0. This is the

rent reduction effect of competition. The first square bracket in (4.11) and (4.12)

22From the envelope theorem, we know that the impact of competition on the licensor’s payoff
that occurs through changes in innovation levels is null in equilibrium. Moreover, competition has
no impact on equilibrium demand when firms have symmetric costs: ∂di (∆,∆, θ) /∂θ = 0.

23For a discussion of the effects of product market competition on profit differentials in the context
of entrepreneurial finance, see Bettignies and Duchêne (2015).
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captures the impact of rent reduction on the licensor’s payoff. Consider market-wide

licensing, for example. It follows directly from above that the negative impact of

competition on a downstream firm’s price-cost margins is independent of whether

that firm has access to the innovation or not:

∂Pi (∆M ,∆M , θ) /∂θ = −1/θ2 = ∂Pi (0,∆M , θ) /∂θ. However, the overall impact on

the firm’s symmetric profits is more negative than on its laggard profits, because in

the former case the decrease in margin affects a larger equilibrium demand:

di (∆M ,∆M , θ) = 1/2 > 1/2− θ∆M/6 = di (0,∆M , θ). Overall, the impact of rent

reduction on the firm’s willingness to pay for the license and on the innovator’s

payoff is −∆M/ (6θ). Similarly, under targeted licensing, the impact of rent

reduction on the innovator’s payoff is −∆T/ (6θ).24

The second key effect of competition on the innovator’s licensing payoff is to

increase (resp. decrease) demand for the firm with a cost advantage (resp.

disadvantage): ∂di
∂θ

=
(∆i−∆j)

6
≷ 0 iff ∆i ≷ ∆j, and ∂di

∂θ
= 0 iff ∆i = ∆j. This is the

business stealing effect of competition. The second square bracket in (4.11) and

(4.12) captures the impact of business stealing on the licensor’s payoff. Consider

market-wide licensing again. The positive (resp. negative) effect of competition on

demand for firms with an innovation advantage (resp. disadvantage) relative to

their rivals has no impact on a downstream firm’s symmetric profits, since in that

case ∆∗1M = ∆∗2M . But in the case of laggard profits, the firm is at an innovation

disadvantage relative to its rival, which translates into a demand disadvantage.

Competition exacerbates this disadvantage by reducing demand for that firm.

24The intuition is the same as under market-wide licensing. Competition puts downward pressure
on price-cost margins, in both leader and symmetric cases; but the overall impact is more negative
on leader profits than on symmetric profits, because in the former case the decrease in margin affects
a larger equilibrium demand. Hence the negative impact of rent reduction on willingness to pay for
the license.
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Accordingly, by worsening the firm’s laggard profits, business stealing increases the

firm’s willingness to pay for the license, and the innovator’s payoff by

−∂di(0,∆M ,θ)
∂θ

Pi (0,∆M , θ) = ∆∗M/ (6θ)− (∆∗M)2 /18 > 0. Under targeted licensing,

access to the innovation gives Firm 1 an innovation advantage over Firm 2, which

translates into leader profits. Competition augments this advantage by increasing

demand for that firm. This in turn raises Firm 1’s willingness to pay for the license,

and the innovator’s payoff, by ∂d1(∆T ,0,θ)
∂θ

P1 (∆T , 0, θ) = ∆T/ (6θ) + (∆T )2 /18 > 0.

Clearly, under market-wide licensing the impact of rent reduction dominates the

impact of business stealing, and competition strictly decreases the innovator’s

licensing payoff; while in contrast under targeted licensing the impact of business

stealing dominates, and competition strictly increases the innovator’s licensing

payoff. Indeed, competition increases the appeal of targeted licensing relative to

market-wide licensing for the innovator.

This difference in effects of competition on licensing payoff comes primarily from

business stealing. Under market-wide licensing, business stealing increases a firm’s

willingness to pay by worsening demand if the license is not purchased, a situation

in which the firm is at an innovation disadvantage and hence makes relatively small

margins. Thus the negative impact of decreased demand on the licensee’s laggard

profits, and the resulting positive effect on his willingness to pay for the license, is

relatively small, too small in fact to offset the negative impact of rent reduction on

his willingness to pay. In contrast under targeted licensing, business stealing works

by increasing the firm’s demand and profits if the license is purchased, a situation in

which the firm is at an innovation advantage and hence makes relatively large

margins. Accordingly the positive impact of increased demand on the firm’s leader
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profits, and hence on its willingness to pay for the license, is relatively large, large

enough to offset the negative impact of rent reduction.

The innovator’s optimal licensing strategy then follows directly from the

preceding analysis. To see this, recall from Lemmas 1 and 2 that Z∗M = 2
(9+2θ)

− h

and Z∗T = 1
18−2θ

for all θ ∈ Θ. It then follows that lim
θ→0

Z∗T − Z∗M = −1/6 + h and that

lim
θ→9/2

Z∗T − Z∗M = h; and together with Proposition 5 this immediately yields the

following result regarding the impact of competition on equilibrium licensing

strategy:25

Proposition 6. If the exogenous (relative) cost of market-wide licensing h is low to

moderate - h ∈ (0, 1/6) - there exists a threshold level of competition θ∗ (h) ∈ Θ,

with ∂θ∗ (h) /∂h < 0, such that the innovator chooses market-wide licensing for all

θ ∈ (0, θ∗ (h)), and chooses targeted licensing for all θ ∈ [θ∗, 9/2). If h is high -

h ≥ 1/6 - targeted licensing is the optimal choice for the innovator for all θ ∈ Θ.

Thus, while competition unambiguously increases the appeal of targeted licensing

relative to market-wide licensing (Proposition 5), as stated in Proposition 6 and

depicted in Figure 4.1 this may or may not lead to a switch in licensing strategy,

depending on the value of the exogenous cost h.

Our view is that in practice, while the additional transaction costs associated

with market-wide licensing do exist, they are not so great as to eliminate this

licensing strategy as an optimal choice regardless of the degree of competition.

Accordingly, our prediction is that competition will have an impact on the

innovator’s licensing strategy, leading to a switch from market-wide licensing to

25Some further thoughts on this licensing tradeoff, and how it is affected by downstream compe-
tition, are presented in Appendix B.
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Figure 4.1: Product Market Competition and Licensing Strategy

targeted licensing. We test this prediction empirically in Sections 4.5 and 4.6.

Note from Proposition 6 that the threshold level of competition θ∗ (h) at which

the innovator switches from market-wide licensing to targeted licensing is strictly

decreasing in the exogenous cost of market-wide licensing: ∂θ∗ (h) /∂h < 0.

Intuitively, the greater the cost of market-wide licensing, the “sooner” the innovator

will switch to targeted licensing at competition intensifies.

Also note that our result that downstream competition (measured by the degree

of substitutability between products) may lead the upstream innovator to reduce

the number of licenses is consistent with Bagchi (2008), which illustrates a similar
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result albeit in a different context of licensing auctions and differentiated

downstream Cournot markets. What is more novel here is our use of this result to

improve our understanding of the interaction between downstream competition and

upstream innovation. This is the purpose of our analysis below.

4.4.2 Optimal Innovation Strategy

Licensing and Innovation

A key difference between the two licensing strategies concerns the way in which

competition affects equilibrium innovation. Indeed, it is immediately clear from

lemmas 1 and 2 that:26

Proposition 7. Equilibrium innovation under market-wide licensing, ∆∗M = 6
9+2θ

,

is strictly decreasing in competition. In contrast, equilibrium innovation under

targeted licensing, ∆∗T = 3
9−θ , is strictly increasing in competition. Moreover, there

exists a threshold level of competition θ∗∗ = 9/4 such that ∆∗T < ∆∗M for all

θ ∈ (0, θ∗∗) and ∆∗T ≥ ∆∗M for all θ ∈ [θ∗∗, 9/2).

To understand the intuition behind these results, let us first use (4.5) and (4.7),

and (4.8) and (4.10), to derive the marginal impact of innovation on the innovator’s

26The threshold value θ∗∗ = 9/4 is obtained simply by solving ∆∗
M = 6

9+2θ = 3
9−θ = ∆∗

T for θ.
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licensing revenue, under market-wide licensing and targeted licensing, respectively:

2∑
i=1

∂ziM (∆M , θ)

∂∆M

=
2∑
i=1

[
− ∂πi
∂∆j

(0,∆M , θ)

]
(4.13)

=
2∑
i=1

[
− ∂di
∂∆j

(θ)Pi (0,∆M , θ)−
∂Pi
∂∆j

di (0,∆M , θ)

]

=
2∑
i=1

[
θ

6
Pi (0,∆M , θ) +

1

3
di (0,∆M , θ)

]
,

and:

∂z1T (∆T , θ)

∂∆T

=
∂π1

∂∆1

(∆T , 0, θ) (4.14)

=
∂d1

∂∆1

(θ)P1 (∆T , 0, θ) +
∂P1

∂∆1

d1 (∆T , 0, θ)

=
θ

6
P1 (∆T , 0, θ) +

1

3
d1 (∆T , 0, θ) .

Consider the innovator’s market-wide licensing revenue from Firm i. Increasing

innovation ∆M increases Firm i’s willingness to pay for the innovation by increasing

the cost advantage that its rival Firm j will have if Firm i does not license the

innovation - in other words it decreases Firm i’s laggard profits. It does so in two

ways. First, the increase in Firm j’s cost advantage enables that firm to steal

market share at the expense of Firm i:
∂dj
∂∆j

(θ) = θ
6
> 0 and ∂di

∂∆j
(θ) = − θ

6
< 0; and

the impact on Firm i’s laggard profits is the margin-adjusted marginal change in

expected demand, ∂di
∂∆j

(θ)Pi (0,∆M , θ) < 0. Second, the increase in Firm j’s cost

advantage enables that firm to increase its price-cost margin in equilibrium, and

forces a smaller price-cost margin (through lower equilibrium price) onto Firm i:

∂Pj

∂∆j
= 1

3
> 0 and ∂Pi

∂∆j
= −1

3
< 0; and the impact on Firm i’s laggard profits is the
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demand-adjusted marginal change in price-cost margin, ∂Pi

∂∆j
di (0,∆M , θ) < 0.

Next, consider targeted licensing revenue from Firm 1. Here in contrast,

increasing innovation ∆T increases Firm 1’s willingness to pay for the innovation by

increasing the cost advantage that it will have over Firm 2 if it does license the

innovation - in other words it increases Firm 1’s leader profits. Again, this works in

two ways. First, the increase in Firm 1’s cost advantage enables that firm to steal

market share from Firm 2 ( ∂d1
∂∆1

(θ) = θ
6
> 0); increasing Firm 1’s leader profits by

∂d1
∂∆1

(θ)P1 (∆T , 0, θ) > 0. Second, the increase in Firm 1’s cost advantage leads to a

higher price-cost margin for that firm ( ∂P1

∂∆1
= 1

3
> 0); increasing Firm 1’s leader

profits by ∂P1

∂∆1
d1 (∆T , 0, θ) > 0.

Now, differentiating (4.13) and (4.14) with respect to θ, we derive the effects of

competition on the innovator’s marginal benefit (in terms of licensing revenue) from

innovation, under market-wide licensing and targeted licensing, respectively:

2∑
i=1

∂

[
−∂πi (0,∆M , θ)

∂∆j

]
/∂θ =

2∑
i=1

 ∂di(0,∆M ,θ)
∂θ

[
− ∂Pi

∂∆j

]
+ ∂Pi(0,∆M ,θ)

∂θ

[
− ∂di
∂∆j

]
+
[
− ∂2di
∂∆j∂θ

]
Pi (0,∆M , θ)

 ,
(4.15)

and:

∂

[
∂π1 (∆T , 0, θ)

∂∆1

]
/∂θ =

∂d1 (∆T , 0, θ)

∂θ

[
∂P1

∂∆1

]
+
∂P1 (∆T , 0, θ)

∂θ

[
∂d1

∂∆1

]
+

∂2d1

∂∆1∂θ
P1 (∆T , 0, θ) .

(4.16)

The degree of competition θ - by making consumers more sensitive to prices

relative to their position on the Hotelling line - has three effects on the marginal
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impact of innovation on licensing revenue.27 As shall now become clear, the forces

at work are very similar to the ones shown above to affect licensing revenues.

The first factor in (4.15) and (4.16) captures the business stealing effect of

competition on the marginal licensing revenue from innovation. Consider

market-wide licensing: by reducing laggard demand for Firm 1, this effect mitigates

the reduction in Firm 1’s laggard profits resulting from the drop in price-cost margin

associated with an increase in innovation ∆M in Firm 2. It therefore mutes Firm 1’s

increased willingness to pay for the license and reduces the innovator’s marginal

benefit from innovation.28 In contrast, under targeted licensing, by increasing leader

demand for Firm 1, this effect amplifies the increase in leader profits resulting from

the increase price-cost margin associated with an increase in innovation ∆M in Firm

1. Thus under targeted licensing this exacerbates Firm 1’s increased willingness to

pay and increases the innovator’s marginal benefit from innovation.

The second factor in (4.15) and (4.16) captures the rent reduction effect of

competition on the marginal licensing revenue from innovation. Under market-wide

licensing, the price reduction associated with more intense competition mitigates

the reduction in Firm 1’s laggard profits resulting from the drop in laggard demand

associated with an increase in innovation ∆M in Firm 2. It therefore mutes Firm 1’s

increased willingness to pay for the license. Under targeted licensing, the price

reduction mitigates the increase in Firm 1’s leader profits resulting from the

increase in leader demand associated with an increase in innovation ∆T , thus

dampening Firm 1’s increased willingness to pay. Thus under both licensing

27Note from above that ∂Pi

∂∆i
= 1

3 and ∂Pi

∂∆j
= − 1

3 are independent of competition θ, and hence

∂2Pi

∂∆j∂θ
= ∂2Pi

∂∆i∂θ
= 0.

28This effect is related to what Gosh et al. (2015) call “share-reduction effect” in the context of
continuous improvement versus discrete innovation.
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strategies, this effect reduces the marginal benefit from innovation.

The third factor in (4.15) and (4.16) captures an effect we have not discussed yet:

the increased business stealing effect of competition (Baggs and Bettignies, 2007),

which has a positive impact on the marginal product of innovation.29 Under

market-wide licensing, this effect exacerbates the decrease in Firm i’s laggard

demand - and hence exacerbates Firm i’s increased willingness to pay for a license -

associated with an increase in innovation ∆M . Under targeted licensing, this effect

amplifies the increase in Firm 1’s leader demand associated with an increase in ∆T ,

hence magnifying its increased willingness to pay for the license. Accordingly, under

both licensing strategies, this effect increases the innovator’s marginal benefit from

innovation.

Using (4.4) to determine the magnitude of each of these effects, one can easily

verify that the differential effects of competition on innovation across licensing

strategies comes primarily from differences in increased business stealing. Under

market-wide licensing, the impact of increased business stealing simplifies to[
− ∂2di
∂∆j∂θ

]
Pi (0,∆M , θ) = 1/ (6θ)−∆M/18 > 0. This effect is relatively weak, in the

sense that it fails to outweigh the negative impact of rent reduction, which simplifies

to ∂Pi(0,∆M ,θ)
∂θ

[
− ∂di
∂∆j

]
= −1/ (6θ) < 0. Together these two effects imply a negative

impact of competition on the marginal benefit from innovation; and the business

stealing effect, which simplifies to ∂di(0,∆M ,θ)
∂θ

[
− ∂Pi

∂∆j

]
= −∆M/18 < 0, exacerbates

this negative impact. Thus, under market-wide competition decreases the

innovator’s marginal benefit from innovating, thereby reducing equilibrium

29While the direct business stealing effect of competition affects the levels of demand associated
with given levels of innovation, in contrast the increased business stealing effect of competition affects
the changes in demand associated with an innovation increase.
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innovation ∆∗M .

In contrast, under targeted licensing, the impact of increased business stealing

can be shown to simplify to ∂2d1
∂∆1∂θ

P1 (∆T , 0, θ) = 1/ (6θ) + ∆T/18 > 0. It is

relatively strong in that is does outweigh the negative impact of rent reduction

(which itself is the same under both licensing strategies),

∂P1(∆T ,0,θ)
∂θ

[
∂d1
∂∆1

]
= −1/ (6θ). Together these two effects imply a positive impact of

competition on the marginal benefit from innovation; and the business stealing

effect, which simplifies to ∂d1(∆T ,0,θ)
∂θ

[
∂P1

∂∆1

]
= ∆T/18 > 0, accentuates this positive

impact. Indeed, under targeted licensing, competition raises the innovator’s

marginal benefit from innovating, thereby increasing equilibrium innovation ∆∗T .

Note that the differential strength of increased business stealing across licensing

strategies comes from the difference underlined at the beginning of Section 4.4.

Under market-wide licensing, increased business stealing exacerbates the decrease in

Firm i laggard demand associated with an increase in innovation ∆M . But in the

laggard situation where Firm i does not purchase the license, it is left with an

innovation disadvantage relative to its rival, and relatively low margins in

equilibrium, thus muting the exacerbating effect of increased business stealing. In

contrast, under targeted licensing, increased business stealing amplifies the increase

in Firm 1’s leader demand associated with an increase in ∆T . This is a situation in

which Firm 1 has an innovation advantage relative to its rival, and relatively high

margins in equilibrium, further magnifying the amplifying effect of increased

business stealing.



4.4. COMPETITION, LICENSING AND INNOVATION 153

4.4.3 Competition and Innovation in Equilibrium

Bringing together the results of Propositions 6 and 7, one can easily deduce the

impact of competition on equilibrium innovation:

Proposition 8. If the relative cost of market-wide licensing h is low to moderate -

h ∈ (0, 1/6) - then for all θ ∈ (0, θ∗ (h)) innovation ∆∗ = ∆∗M is strictly decreasing

in competition, and for all θ ∈ [θ∗, 9/2) innovation ∆∗ = ∆∗T is strictly increasing in

competition. If h is high - h ≥ 1/6 - innovation ∆∗ = ∆∗T is strictly increasing in

competition for all θ ∈ Θ.

The intuition follows directly from the discussions of Propositions 6 and 7. We

depict the results of Proposition 8 in Figure 4.2 below:

Figure 4.2: Product Market Competition and Innovation

Note that when the relative cost of market-wide licensing h is low to moderate -

h ∈ (0, 1/6) - equilibrium innovation may jump up or down depending on the value
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of h. To see this, first recall from Proposition 7 that there exists a threshold level of

competition θ∗∗ = 9/4 such that innovation is greater under market-wide licensing

for all θ ∈ (0, θ∗∗), and greater under targeted licensing for all θ ∈ [θ∗∗, 9/2). Now if

h is at the low end of (0, 1/6), then market-wide licensing is relatively attractive,

and the threshold level of competition θ∗ (h) at which the innovator switches from

market-wide licensing to targeted licensing is relatively high, higher in fact than

θ∗∗ = 9/4. In this case innovation jumps up at θ∗ (h). Conversely, if h is at the high

end of (0, 1/6), then market-wide licensing is relatively unattractive, and θ∗ (h) is

relatively low and lower than θ∗∗ = 9/4. In that case innovation jumps down at

θ∗ (h).

At a broader level, the foregoing analysis suggests that the relationship between

downstream innovation and upstream innovation is inextricably linked to the

innovator’s licensing strategy. Indeed, the key empirical implication of Proposition 8

and Figure 2 is that as long as the transaction costs associated with market-wide

licensing are not prohibitively high, we should observe a U-shaped relationship

between downstream competition and upstream innovation; with innovation

decreasing in competition at low levels of competition (when market-wide licensing is

optimal), and increasing in competition at high levels of competition (when targeted

licensing is optimal). We test this empirical prediction in the next two sections.

4.5 Testing the Model: Data and Variables

To test our model, we develop a data set from five sources. The sources bring

together data on innovation, competition, upstream-downstream relationships, and

licensing deals.
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4.5.1 IBISWorld Industry Linkages

First, to identify upstream and downstream industry relationship, we hand-collect

data from 2008 IBISWorld reports. 30IBISWorld is an independent publisher of U.S.

industry research, and its annual reports use a variety of sources from government,

company, to industry association statistics, providing information about market

characteristics, supply-chain relationships, and so forth. We use the information

about supply-chain relationships to identify the downstream industries for each

five-digit NAICS industry. Specifically, we hand-collect the data on all five-digit

NAICS industries and their downstream industries; record the data into excel

spreadsheet; we then have our data on upstream-downstream relationships ready for

analysis. Summary information is provided in Table 1, which presents the average

number of five-digit NAICS downstream industries for each two-digit NAICS

upstream industry group. Among these industry groups, manufacturing sectors have

on average the greatest number of downstream industries (134.5), while

accommodation and food Services has on average the fewest downstream industries

(8).

30An alternative way to identify the upstream and downstream industry relationship is to use the
Input-Output Account data from the Bureau of Economics Analysis (BEA). We choose to use the
data form IBISWorld because it provides with us a finer and more accurate identification of the
upstream-downstream industry relationship than BEA data. Specifically, the Use Tables in BEA
data are based on the I-O industry codes developed by BEA. These I-O industry codes can be
mapped into corresponding 5-digit NAICS codes in some years but 3 - or 4 - digit SIC codes in other
years. We lose information accurary in mapping because 1) the I-O industry codes are not one-to-one
matched with either NAICS or SIC codes; 2) the mapping between 5-digit NAICS codes in some
years and 3 - or 4 - digit SIC codes in other years results in loss in information accurary further. For
example, the Use Table in BEA in year 1997 is based on 4-digit I-O industry codes,which is broad
especially when you collapse them with NAICS. A typical 4-digit I-O industry code (e.g. 3210)
can be corresponding to as many as 11 5-digit NAICS industries. This means that these 11 5-digit
NAICS industries would have exactly the same downstream industries if we use BEA data. On the
contrary, each 5-digit NAICS industry will have a unique set of 5-digit NAICS downstream industries
when we use IBISWorld reports to identify the upstream-downstream industry relationship.



4.5. TESTING THE MODEL: DATA AND VARIABLES 156

[Insert Table 4.1 here.]

4.5.2 NBER Patent Citation Data

Next, we use the National Bureau of Economic Research (NBER) Patent Citation

Database initially created by Hall et al. (2001, 2005) to measure innovation activity.

This database contains annual information on patents and citations for publicly

traded U.S. firms over the period 1976− 2006. We use information on citations to

and from each patent to construct a count of citation-weighted patent counts.

Specifically, we first calculate the total number of patents firm i in industry j has in

year t, and then calculate the weight of firm i’s patents by using the patent citations

that firm i has received divided by the total patent citations that all sample firms

have received in year t, and we then get citation-weighted patent counts for firm i in

industry j and year t,

CITATION −WEIGHTED PATENTSi,j,t = PATENT COUNTSi,j,t·∑
p PATENT CITATIONSi,j,p,t∑

i

∑
p PATENT CITATIONSi,j,p,t

,

where subscripts i, j, p, and t denote firm, industry, patent, and year, respectively;

and PATENT COUNTSi,j,t captures the total patent count for firm i in industry j

in year t; PATENT CITATIONSi,j,p,t represents the citations that patent p of

firm i in industry j has received in year t.

We adjust our measure of innovation to address the truncation problem arising

as the patents appear in the database only after they are granted. We correct for

the truncation related to the citation counts as a patent can keep receiving citations

over a long period of time, but we only observe citations received up to 2006.
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Following Hall et al. (2001, 2005), we correct this truncation bias by dividing the

observed citation counts by the fraction of predicted lifetime citations actually

observed during the lag interval. More specifically, we scale up the citation counts

using the variable “hjtwt” provided by the NBER Patent Citation Database, which

relies on the shape of the citation lag distribution. The truncation-adjusted

measures of patents and citation counts are used in all of our tests.

In robusness checks, we also use another two alternatives to proxy for upstream

firm innovation: TOTAL PATENT CITATIONSi,j,t, calculated as
∑

p PATENT

CITATIONSi,j,p,t; and TOTAL CITATIONS PER PATENTi,j,t, computed as∑
p PATENT CITATIONSi,j,p,t

PATENT COUNTSi,j,t
.

4.5.3 Compustat Annual Industrial Data

Third, we collect financial data from Standard and Poor’s Compustat Annual Files

to compute downstream industry competition. Specifically, we obtain data on firm

sales, operating profits, gross profit margin, financial costs, and industry code where

proxies of industry competition based on the Lerner index can be computed. We

also collect a vector of control variables about firm and industry characteristics from

Compustat, which may affect firms’ innovation activity or licensing strategy.

We use the Compustat data to compute the Lerner index as a measure of the

degree of industry competition. In particular, the market measure of competition is

defined as Cj,t = 1−
∑nj,t

i=1 Li,t

nj,t
, where j denotes the industry, i denotes a firm in the

industry, and t is fiscal year. We follow Aghion et al. (2005) and compute the

Lerner index as Li,t = Operating profit −Financial cost
Sales

, where operating profits net of

depreciation provisions and an estimated financial cost of capital divided by sales
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measure the price cost margin. In order to compute the competition level across all

the firms in an industry, we use the entire sample of Compustat in each industry,

not only those in the patenting subsample.

We also use the Text-based Network Industry Classifications (TNIC) developed

by Hoberg and Philips (2010, 2016) to capture downstream industry competition in

a way that is closer to the “Hotelling”measure used in our model. Indeed, in our

Hotelling model competition is captured by the degree of homogeneity between

products θ = 1/t, similar to the TNIC-based measure that is derived from

computing firms’ products similarities from the text analysis in their 10-K product

descriptions. The TNIC do seem to provide a good fit for our theoretical measure of

competition, and hence we perform our empirical analysis using TNIC-based

industry competition as a robustness check.

We also use Compustat to compute a variety of firm and industry controls. All

variables are computed for firm i over its fiscal year t. In the baseline regressions,

the control variables include profitability, ROA, measured by return on assets;

investment in innovation, R&D/ASSETS, measured by R&D expenditures scaled by

total assets; LEVERAGE, measured by ratio of total debt-to-total assets;

investment in fixed assets, CAPEX/ASSETS, measured by capital expenditures

scaled by total assets; MARKET-TO-BOOK, measured by the firm’s

market-to-book ratio. To control for possible nonlinear effects of competition in the

upstream market (Aghion et al., 2005), we also include upstream product market

competition and its squared term in our baseline regressions. Detailed variable

definitions are described in Table 4.2.

[Insert Table 4.2 here.]
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4.5.4 SDC Strategic Alliance and Joint Venture Data

Fourth, we obtain data on firms’ licensing strategies from the Joint Venture &

Strategic Alliance database of Securities Data Company (SDC). We use SDC

because it provides detailed information on licensing deals across a variety of

industry sectors, which is especially well-suited for our research on downstream

industry competition and upstream innovation.31 The SDC database records all

publicly announced alliance deals worldwide and provides detailed information

about licensing deals, 32 such as licensing contract type (i.e. exclusive,

non-exclusive, and cross licensing), the identities of licensors and licensees, the SIC

codes of the participants and alliances, and so forth. Note that by definition

exclusive and non-exclusive licensing strategies in the SDC database are analogous

to the targeted licensing and market-wide licensing in our theoretical model,

respectively. Despite some limitations to the SDC database, the information on

licensing contract type, which is one of the main variables we use in our model, is

quite accurate (Anand and Khanna, 2000). Specifically, by reading through the

texts which describe the details about licensing deals, we hand-collect the data on

whether a specific participant is a licensor or a licensee, whether it is a licensing

contract based on market-wide strategy or targeted strategy, and whether the

participants are licensing technology or not. We are also able to eliminate the

agreements for which the agreements are about termination of previous agreements

31SDC reports a comprehensive coverage on the formation of all kinds of alliances by companies
and the licensing deals among them all over the world from 1988. Given this, the licensing activities
in SDC would be a good representative of our overall sample.

32Although like any other dataset on licensing deals its coverage on private-private deals may
be limited, SDC reports “all corporate transactions involving at least 5% of the ownership of a
company where the transaction was valued at $1 milliion or more”, which to some extent ensures
the representative of the SDC licensing data.”



4.5. TESTING THE MODEL: DATA AND VARIABLES 160

or litigation between participants, or less than two participants are involved.

4.5.5 Measuring Import Tariffs and Downstream M&As

Finally, we obtain import tariff data from Peter Schott’s International Economics

Resource Page to address the potential endogeneity of downstream industry

competition (Schott, 2010). This Web Page provides the data on imports by

country and industry from 1989− 2005. We collect the import tariff rates for all

industries in the dataset and then calculate reductions in import tariff rates for each

industry in each year. We expect to use reductions in import tariff rates as an

exogenous competitive shock to address the potential endogeneity concerns for

downstream competition.

In addition, we collect data on the number of M&As within same industries from

SDC Mergers and Acquisition Dataset. We first compute for each downstream

industry the number of M&As within that 5 - digit NAICS downstream industry.

Then we we take the average of the number of M&As from all the downstream

industries that associated with a focal upstream industry and use this to proxy

downstream competition. The idea is that the more M&As in downstream

industries, the less competitive the downstream industries would be. We expect to

use downstream firms’ decision on M&As within same downstream industries to

capture the changes in downstream competition, which is argued to be exogenous to

usptream firms’ decision to innovate.
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4.5.6 Summary Statistics

We present a summary statistics of the U.S. data in Table 4.3. All data are annual.

The time coverage of the U.S. data is over the period 1976− 2006 (31 years). At

five-digit NAICS level, there are 319 industries with 24, 845 firm - year

observations.33In order to mitigate the impact of outliers, we winsorize all variables

at the 1st and 99th percentiles.

[Insert Table 4.3 here.]

Table 4.3 presents means, medians, standard deviations, 10th and 90th

percentiles for upstream firm innovation, downstream industry competition, and

control variables. The patenting activities in our sample show typical skewness with

a mean of 0.1362 citation-weighted patent counts and a median of 0.00239. Related

measure citations per patent has a mean of 15.548 and a median of 10.485, which

suggests that each patent has on average 15.548 cites.

The summary statistics for downstream competition in Table 4.3 indicates that

downstream industry competition based on Lerner index has an average of 0.7687

and a median of 0.779. And the standard deviation of downstream competition is

0.0699 across all the industries in U.S. from 1976 - 2006. Regarding other variables

of interest, the average firm in our sample has a market-to-book ratio of 1.458, a

R&D to assets ratio of 5.165%, a leverage ratio of 18.62%, capital expenditures over

total assets of 5.03%, and return on asset of 0.121. The upstream industry

competition based on Herfindahl has an average of 0.848 and a median of 0.601.

33The sample for our baseline model is U.S. public traded firms across all industries over the
period 1976-2006. We also do our empirical analysis by excluding financial and utility firms, and
using the sample only from manufacturing industries. We find that our main results are robust to
samples with different industries.
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4.6 Main Findings

This section presents the main empirical findings in the paper. We begin by

establishing a U-shaped relationship between upstream innovation and downstream

competition in line with the predictions of the model. Then we discuss an

instrumental variables strategy that allows us to assess the causal impact of changes

in competition on changes in innovation. The final piece of our empirical analysis

shows that licensing patterns vary with competition in a manner consistent with the

model.

4.6.1 The Empirical Link between Competition and Innovation

We begin by estimating the following empirical relationship between downstream

competition and upstream innovation:

CITATION −WEIGHTED PATENTSi,j,t = β0 + β1 ·DOWNSTREAM COMPj,t +

β2 ·DOWNSTREAM COMP 2
j,t + γ · Zi,t + δt + αj + εi,j,t,(4.17)

where CITATION −WEIGHTED PATENTSi,j,t denotes the citation-weighted

patent counts for firm i in industry j and year t, which captures upstream firm

innovation level.34 Our main explanatory variable of interest, downstream

competition, represents the average product market competition of all the

downstream industries that relate to the upstream industry j in which firm i

34As a robustness exercise, in Appendix A we also present results based on citations per patent
and total citations that firm i in industry j has in year t as proxies for upstream firm innovation.
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operates in year t, i.e.

DOWNSTREAM COMPj,t =

∑
k

DOWNSTREAM COMPj,k,t

nj,t
,

where DOWNSTREAM COMPj,t is the average of the downstream industry

competition level that firms in upstream industy j face in year t;

DOWNSTREAM COMPj,k,t is the competition level in a downstream industry k

related to the upstream industry j in year t; and nj,t is the number of downstream

industries related to the upstream industry j in year t. Finally, we include Zi,t, δt,

and αj as our control variables in the model specification. Among them, Zi,t is a

vector of firm level and industry level characteristics; δt represents year fixed effects

and controls for changes in the macroeconomic environment and systematic changes

in patenting activities over time; and industry fixed effects αj, based on five-digit

NAICS industry dummies, control for any unobserved industry heterogeneity that is

time invariant and affects firm patenting activities.

[Insert Table 4.4 here.]

Our main dependent variables are discrete and non-negative, and to account for

this, in our baseline model we use a Negative Binomial model to investigate the

impact of downstream industry competition on upstream firm innovation (Hashmi,

2013). We report our main empirical results in Table 4.4. Specifically, in column

(1), the coefficient estimates on DOWNSTREAM COMP and its squared term,

DOWNSTREAM COMP 2, are −8.541 and 6.659, and which are significant at the

5% and 1% levels respectively. The effects are economically large. Because the

derivative of innovation with respect to downstream competition from Equation (17)
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is β1 + 2β2Cj,t, the negative sign for β1 and positive sign for β2 clearly support for a

U-shaped relationship between downstream competition and upstream innovation.

In column (2), we add firm R&D expenditure, leverage ratio, market-to-book

value, return on asset, capital expenditure as firm level controls into the Negative

Binomial model specification in column (1). Moreover, following Aghion et al.

(2005), we include upstream competition and its square to control for the impact of

upstream industry competition on upstream firm innovation. We control for year

and industry fixed effects as well. The results in column (2) show that the coefficient

estimates on DOWNSTREAM COMP and DOWNSTREAM COMP 2 remain

significantly negative and positive respectively. This again provides support for the

U-shaped relationship between downstream competition and upstream innovation.

In columns (3)− (7), we consider two alternative models, OLS and Poisson

model, respectively. In particular, in columns (3)− (5) we estimate the impact of

downstream competition on upstream innovation by using OLS method, where the

dependent variable becomes the logarithm of one plus citation-weighted patent

counts of firms. Specifically, column (3) shows the results of the impact of

downstream competition on upstream innovation. The coefficients of

DOWNSTREAM COMP and DOWNSTREAM COMP 2 are −3.334 and 1.983

respectively, and both are significant at the 5% level. Columns (4) and (5) add firm

and industry characteristics, year fixed effects, and industry fixed effects. The

coefficients of DOWNSTREAM COMP and DOWNSTREAM COMP 2 remain

significantly negative and positive respectively.

In columns (6) and (7), we present the results of the effect of downstream

competition on upstream innovation in a Poisson regression. As shown in column
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(6), the coefficient estimates on DOWNSTREAM COMP and DOWNSTREAM

COMP 2 are −3.241 and 2.680, and both are significant at the 10% and 5% levels,

respectively. Firm and industry level controls are added into the model specification

in column (7). The coefficients of DOWNSTREAM COMP and

DOWNSTREAM COMP 2 remain significantly negative and positive respectively.

These results provide consistent support for the U-shaped relationship between

downstream competition and upstream innovation when estimating based on the

Poisson model, and controlling for firm and industry characteristics, year and

industry fixed effects.

As a robustness check, we use the Text-based Network Industry Classifications

(TNIC) of Hoberg and Philips (2016) as an alternative industry classification

system. The TNIC are obtained by computing firm pairwise similarity scores from

text analysis in firms’ 10-K product descriptions. The similarities-based TNIC

provide a good fit to our theoretical model, where competition is captured by the

degree of homogeneity between products. Specifically, Hoberg and Philips (2010,

2016) develop the FIC industry classification which is based on an algorithm

clustering firms together to maximize within-industry similarity. In their dataset,

they include FIC-500, FIC-400, FIC-300, FIC-200, FIC-100, FIC-50 and FIC-25

industries to represent 500, 400, 300, 200, 100, 50, 25 different industry groups

respectively. Following Hoberg, Phillips, and Prabhala (2014), we use FIC-300

industries to compute the TNIC-based HHI index for each downstream industry.35

Consistent with our baseline model in Table 4.4, we adopt a Negative Binomial

model for the analysis, and control for R&D expenditure, leverage ratio,

35We also try FIC-500, FIC-400, FIC-200, FIC-100 and find that our results are robust to these
different industry groups.
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market-to-book value, return on asset, capital expenditure, upstream industry

competition and its square term, which may affect firms’ innovative activities. We

also include year fixed effects and industry fixed effects into the specification. All

standard errors are adjusted for within-firm clustering.

[Insert Table 4.5 here.]

The results are presented in Table 4.5. As shown in column (1), the coefficient

estimates on DOWNSTREAM COMP (TNIC), a TNIC-based downstream

industry competition measure, and its square term, DOWNSTREAM

COMP (TNIC)2, are -3.669 and 5.441 respectively, and both are significant at the

5% level. In Column (2) we further control for year fixed effects and the results are

similar to those in Column (1). In column (3), we include the following control

variables into the model specification: R&D expenditure, leverage ratio,

market-to-book value, return on asset, capital expenditure, upstream industry

competition and its square term. We obtain significant results similar to those

presented in column (2). We further control for year fixed effects and industry fixed

effects in column (4). The coefficient estimates on both TNIC-based downstream

competition and its square term remain significant at the 1% or 5% level, depending

on the specification and variable. In all, the results presented in Table 4.5 suggest

that the U-shaped relationship between downstream competition and upstream

innovation still holds when using the TNIC-based industry competition measure.

We also consider a number of additional robustness checks. In particular, to

address the concern that a significant coefficient on the square term of downstream

competition is necessary but insufficient to establish a quadratic U-shaped

relationship, we 1) verify that the threshold level of competition at which innovation
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is minimized is indeed within the range of values for downstream industry

competition; and 2) split our data sample into different percentiles to verify that the

impact of downstream competition on upstream innovation is negative at low levels

of competition and positive at high levels of competition. These and other

robustness checks yield results that are consistent with our baseline results, and are

discussed in more detail in Appendix B.

4.6.2 Does Competition Cause Innovation?

One potential concern in the analysis presented above relates to the endogeneity of

downstream industry competition. In general, some omitted factor like expected

industry profitability or market size might jointly affect downstream industry

structure and upstream firm innovation.

To address the potential endogeneity of downstream industry competition, we

use an instrumental variable strategy designed to isolate exogenous changes to

downstream industry competition by exploiting changes in tariffs. With the

globalization of the economic activities and trade openness, domestic firms are

increasingly exposed to the competition from foreign rivals (Bernard, Jensen, and

Schott, 2006). Reductions in import tariff rates significantly decrease the cost for

foreign firms to enter U.S. product markets and therefore increase the presence of

goods and services from foreign rivals. This penetrations of imports spurs an

increase in the competitive pressure that domestic firms face in product markets.

Moreover, the import tariff changes in downstream industries are exogenous to

upstream firms’ innovation. On the one hand, the levying of tariffs is highly

politicized; tariffs are often created to protect infant industries, domestic
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employment, consumers, and national security, or for retaliation. On the other

hand, in the context of manufacturing industries in which our IV - large reduction

in import tariff changes is available, for a 2 - digit NAICS upstream industry, there

are over 100 downstream industries on average. Therefore, it is hard to imagine that

tariff changes in downstream industries are correlated with tariffs change in the focal

upstream industries in a systmemic way. In a sense, we can exclude the possibility

that tariff changes in downstream industries would be correlated with tariff changes

in the focal upstream industry, which then affect upstream firms’ innovation.

We follow Fresard (2010) and Valta (2012) and use large reductions of import

tariff rates as events that trigger a sudden increase in the competitive pressure faced

by domestic firms. We gather U.S. import data compiled by Schott (2010) for the

sample period 1989 – 2005. For each industry–year, we compute the ad valorem

tariff rate as the duties collected at U.S. Customs divided by the Free-On-Board

custom value of imports. We then characterize “competitive shocks” as large

variations in the tariff rate in terms of the deviation of the yearly change in tariff

rates from the same industry’s median or average change. To do so, we first compute

for each industry the median (or average) tariff rate change as well as the largest

tariff rates changes. Then we define a competitive shock for each downstream

industry as a dummy variable, IMPORT TARIFF CHANGEk,t, which equals

one if the largest tariff rate reduction in downstream industry k by year t is larger

than three times the median tariff rate reduction in that industry; and zero

otherwise.36 Finally, based on the upstream-downstream industry relationships we

identified, we take the average of competitive shocks coming from the downstream

36We also try two alternatives, defining the competitive shock by whether the largest tariff rate
reduction is larger than two times (or one and a half) the median tariff rate reduction. Our results
are robust to different definitions of competitive shock.
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industries associated with a specific upstream industry j. We then get the average

of downstream industry competition for the upstream industry j in year t, i.e.,

IMPORT TARIFF CHANGEj,t =
∑

k IMPORT TARIFF CHANGEk,t

nj,t
, where nj,t is

the number of downstream industries related to the upstream industry j in year t.

[Insert Table 4.6 here.]

Table 4.6 presents the estimation results. Column (1) presents the result of the

first stage. In particular, we regress downstream competition on the competitive

shock, controlling for R&D expenditure, firm leverage, market-to-book ratio, ROA,

capital expenditure, and upstream industry competition and its square term. We

also control for year fixed effects and industry fixed effects in the estimation. As

shown in column (1), the coefficient of IMPORT TARIFF CHANGE has a value

of 0.02, and is positive and significant at the 1% level. And the F-value is 431.7,

well above the conventional level of 10 advocated by Stock and Yogo (2005). These

suggest that reductions in import tariff rate as the instrument is correlated with the

endogenous explanatory variable, downstream competition, and we have a strong

first stage.

Because we wish to capture a quadratic relationship in the data by using an

instrumental variable (IV) - Import Tariff Change, we split our sample into two

subsamples by using the threshold point of the U-shaped relationship. This

threshold point determined analytically by applying the regression estimates from

Table 4 into the formula for the derivative of innovation with respect to downstream

competition, setting this derivative to zero and solving for the threshold degree of

competition. Having determined the threshold, we then use the predicted value

from the first stage regression as the instrumented regressor in each sub-sample
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regression. Columns (2) - (4) report the result of the second stage using the

subsample below the threshold point of downstream competition. Specifically, in

column (2), we regress upstream innovation on the predicted value of downstream

competition from the first stage, controlling for R&D expenditure, firm leverage,

market-to-book ratio, ROA, capital expenditure, and upstream industry

competition and its square term. Column (2) shows that the coefficient estimate on

DOWNSTREAM COMP (Fitted) is negative and significant at the 1% level,

suggesting that downstream competition has a negative relationship with upstream

innovation. In columns (3) and (4), we further control for year fixed effects and

industry fixed effects, respectively. The coefficient of DOWNSTREAM

COMP (Fitted) remains negative and significant - at the 5% and 10% levels,

respectively - in these two columns. These provide empirical support for the left

hand side of the U-shaped relationship. In other words, when downstream

competition is below a threshold point, upstream innovation is decreasing in

downstream industry competition.

Columns (5) - (7) show the results of the second stage using the subsample above

the threshold point of downstream competition. Column (5) shows that the effect of

downstream competition on upstream innovation is positive and significant at the

1% level, after controlling for R&D expenditure, firm leverage, market-to-book

ratio, ROA, capital expenditure, and upstream industry competition and its square

term. We add year fixed effects and industry fixed effects in columns (6) and (7),

respectively, and find that the impact of downstream competition on upstream

innovation remains significantly positive - at the 5% and 10% levels, respectively -

in these two columns. These indicate that upstream innovation is increasing in
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downstream competition when downstream competition is above a threshold point.

i.e., the right hand side of the U-shaped relationship is supported by our empirical

evidence as well.

[Insert Table 4.7 here.]

As an additional robustness check, we split the sample at the median level of

industry concentration and repeat our split-sample IV strategy. These results are

presented in Table 4.7, and are qualitatively similar to those presented in Table 4.6.

4.6.3 Exploring the Licensing Channel

While the above results show that downstream industry competition has a

U-shaped impact on upstream firm innovation, they are silent on whether licensing

considerations are central to this relationship. In this section, we investigate the role

that upstream firms’ licensing strategies play.

Two licensing-related empirical implications emerge from our theoretical model.

First, downstream competition has a negative impact on upstream innovation under

market-wide licensing and a positive impact on upstream innovation under targeted

licensing. And second, competition increases the appeal of targeted licensing

relative to market-wide licensing.

To investigate these conjectures, we use the licensing deal data from the Strategic

Alliance database of Securities Data Company (SDC), which we described above in

Section 4.5. Because SDC focuses more on U.S. firms, and because the deal sample

prior to 1990 is incomplete, we restrict our analysis to the licensing deals between

public U.S. firms from 1990− 2006. We start an initial set of 5, 908 licensing deals

announced from January 1, 1990 to December 31, 2006, corresponding to 6,870
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companies traded in the United States. Merging Compustat and SDC data give us a

sample with 1,415 firm-year observations. Our final step of data collection is to link

the merged dataset with the NBER Patent Citation Dataset, obtaining firms’

information on patenting since January 1, 1990. This gives us a final sample of 605

observations, with 631 licensors and licensees traded in United States. Typically,

within an industry, the number of licensors varies from 1 to 50, with a median of 4.

Therefore, we add upstream industry concentration in our regressions to control for

the impact of upstream competitors on the upstream firm’s innovation.

Before moving into the empirical analysis of the abovementioned two conjectures,

we analyze the licensing data to make sure the major sectors of innovation in U.S.

(e.g. computers and pharmaceuticals) typically produce and sell their innovation or

technology through licensing deals. This assurance would be aligned with our model

prediction linking upstream innovation to downstream competition through

licensing. A brief summary statistics based on the SDC data suggests that the

average licensing deals from compusters - and pharmaceuticals - related industries

are much higher than the average, 4 licensing deals per indusry per year. For

example, the industries of prepackaged software (SIC 7372), information retrievel

services (SIC 7375), and parmaceutical (SIC 2834), have on average 134, 43, and 32

licensing deals per year over the period 1990 - 2006. These summary statistics to

some extent corroboraes the licensing channel between upstream innovation and

downstream competition implied in our model.

To examine the first conjecture, we consider the impact of downstream

competition and licensing strategy on upstream innovation. Panel A of Table 4.8

presents the results. Specifically, for the same reasons as in the baseline model, we
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again employ a Negative Binomial model here. The dependent variable is

CITATION −WEIGHTED PATENTS. The independent variables are

DOWNSTREAM COMP , representing downstream industry competition level;

LICENSE TARGETED, a dummy setting to 1 if targeted licensing is used, and

zero otherwise; and an interaction of DOWNSTREAM COMP and LICENSE

TARGETED. We also include a vector of firm level and industry level

characteristics that may impact a firm’s future innovation productivity, i.e., R&D

expenditure, leverage ratio, market-to-book value, return on asset, capital

expenditure, upstream industry competition and its square term. As well, we

include year fixed effects, to control for the impact of some variables that change

over time, and industry fixed effects, to control for time-invariant industry

differences. The results presented in Panel A of Table 4.8 are consistent with the

predictions of our model. In particular, as shown in column (1), the coefficient

estimate on DOWNSTREAM COMP is negative with a value of 8.654, and

significant at the 1% level, suggesting that downstream competition has a negative

impact on upstream innovation under market-wide licensing. Moreover, the

coefficient estimate on the interaction term is positive with a value of 12.097, and

significant at the 1% level. Thus, under targeted licensing downstream competition

has a positive impact on upstream innovation (12.097− 8.654 = 3.443 > 0). We add

a vector of firm level and industry level characteristics in the model specification in

columns (2) and (3), and get similar results to those presented in column (1). In

columns (4) and (5), we further control for year fixed effects and industry fixed

effects. The coefficient estimates on DOWNSTREAM COMP and the interaction

term remain significantly negative and positive, respectively. In sum, the results
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presented in Panel A of Table 4.8 provide support for the first conjecture, namely

that downstream competition has a negative impact on upstream innovation under

market-wide licensing and a positive impact on upstream innovation under targeted

licensing.

[Insert Table 4.8 here.]

To examine the second conjecture, we empirically consider how downstream

industry competition impacts the appeal of targeted licensing relative to

market-wide licensing. Panel B of Table 4.8 presents the results regarding the

impact of downstream competition on upstream firms’ licensing choices. In

particular, we look at how the propensity to apply a targeted licensing strategy is

determined by the product market competition level in the downstream industries.

The dependent variable is LICENSE TARGETED, and the independent variable

is DOWNSTREAM COMP . We also include a vector of firm level and industry

level characteristics, which may affect the choice of licensing strategies, into our

model specification (Anand and Khanna, 2000; Kim and Vonortas, 2006; and

Somaya, Kim, and Vonortas, 2010). Specifically, we control for firm level

characteristics such as firm size, prior license (a proxy for whether a focal firm issued

licenses before or not), knowledge stock, and complexity (a proxy for the complexity

of technology); and for industry level characteristics such as industry concentration,

industry growth, and IPR strength. We also control for year fixed effects and

industry fixed effects. All standard errors are adjusted for within-firm clustering. As

shown in column (1), the coefficient estimate on DOWNSTREAM COMP is

positive and significant at the 1% level, suggesting that downstream industry

competition increases the appeal of targeted licensing relative to market-wide
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licensing. In columns (2) - (5), we include firm and industry level characteristics,

and year and industry fixed effects, respectively. All of the coefficient estimates on

DOWNSTREAM COMP remain positive and significant. In all, consistent with

the second conjecture, the results presented in Panel B of Table 4.8 suggest that

competition increases the appeal of targeted licensing over market-wide licensing.

Another related implication from our model is that market size of downstream

industries would affect firms’ choice of licensing strategy. In other words, the

abovementioned positive impact of downtream competition on targeted licensing

would be further moderated by downstream market size. Specifically, when the

downstream market size is very large, firms will choose market-wide licensing

instead of targeted licensing. On the contrary, targeted licensing is preferred when

the downstream market size is very small. This suggests that downstream market

size has a negative moderating impact on the relationship between downstream

competition and targeted licensing. To test this, we collect data on downstrream

market size and measure it by the sum of total assets of firms in the downstream

industries that belong to a focal upstream industry. We report the results in Table

9. The dependent variable is LICENSE TARGETED, and the main independent

variables are DOWNSTREAM COMP , DOWNSTREAM SIZE, and their

interaction. In Column (1), the coefficient of DOWNSTREAM COMP is positive

and significant at the 1% significance level, while the coefficient of the interaction of

DOWNSTREAM COMP and DOWNSTREAM SIZE is negative and

significant. This result suggests that 1) there is generally a postive relationship

between downstream competition and targeted licensing; 2) when downstream

market size is very large, market-wide licensing will be chosen instead. Columns (2)
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and (3) add controls of firm level and industry level characteristics respectively. The

coeffiicient esitmate on the interaction of downstream competition and downstream

market size remains negative and significant. Columns (4) and (5) further control

for year and industry fixed effects respectively and we have similar results as in the

previous columns. To sum up, the results in Table 4.9 provides support for our

model implication that downstream market size negatively moderates the

relationship between downstream competition and targeted licensing.

[Insert Table 4.9 here.]

4.7 Robustness Checks

In this section, we discuss a battery of robustness checks performed on the main

empirical tests in the paper.

First, our main dependent variable, citation-weighted patent counts, is

constructed based on weighting firms’ patent counts by their citations. The concern

is that patent quality might be sensitive to a specific weighting technique (Aghion et

al., 2013). To address this concern, we use citations per patent and total citations

as alternative proxies for patent quality in the regressions as well. As shown in

Table 4.10, both in the case of citations per patent and in the case of total patent

citations, our results provide support for a U-shaped relationship between

downstream competition and upstream innovation.

[Insert Table 4.10 here.]

Second, to address the concern that patent citations close to the end of sample

year would be biased, we re-run our regressions by using sample period 1976 - 2001.
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Though NBER updates the data until 2006, some patents applied for after 2001

may not have been granted due to significant grant lags in some technology areas.

Furthermore, most patents require a significant number of years to reach their full

citation potential. By allowing five years from the date of application, we attempt

to minimize these problems. We again run negative binomial, poisson and OLS

regression models, and as in the baseline model, the U-shaped relationship between

downstream competition and upstream innovation is highly significant. We report

the results in Table 4.11.

[Insert Table 4.11 here.]

Third, our finding of a U-shaped relationship between downstream competition

and upstream innovation differs from the work of Aghion et al. (2005), which finds

an inverted-U relationship between horizontal industry competition and innovation.

The concern is that this difference may be driven by different industries in the

samples of these two studies. To address this concern, we re-run our regressions

using the same sample industries covered by Aghion et al. (2005), i.e. four-digit SIC

from 2000 to 3999, using negative binomial, Poisson and OLS regression models.

Table 4.12 presents the results using manufacturing industries only, which again

provide support for a U-shaped relationship between downstream competition and

upstream innovation.

[Insert Table 4.12 here.]

Fourth, we check for the robustness of our IV results in the following two aspects:

1) we first check whether our IV results based on import tariff change shock are

robust to two other definitions of a competitive shock for a downstream industry.
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Specifically, we define it by whether the largest tariff rate reduction in the

downstream industry is two times, or one and a half, larger than the median tariff

rate reduction in that industry, respectively. We find main results hold when using

these two alternative definitions for the competitive shock. 37 2) We also consider to

use an alternative IV - Mergers & Acquisitions (M&As) in the downstream

industries associated with a focal upstream industry to instrument out downstream

competition. The idea is that the more the M&As between firms within a specific

downstream industry, the less competitive the downstream industry would be. We

further use the relationship between upstream and downstream industries identified

before to compute the average downstream industry competition that a focal

uptream firm faces. Table 4.13 reports the results using downstream M&As as an

IV for downstream competition. Specifically, in Column (1), the coefficient of

Downstream MAs is negative and significant at the 1% level, suggesting that the

number of downstream M&As as the instrument is correlated with the endogenous

explanatory variable, downstream competition. Columns (2) and (3) report the

result of the second stage using the subsample below the threshold point of

downstream competition. We find that the coefficient estimate on

DOWNSTREAM COMP (Fitted) is negative and significant, suggesting that

downstream competition has a negative relationship with upstream innovation.

Columns (4) and (5) show the results of the second stage using the subsample above

the threshold point of downstream competition, which suggest that the impact of

downstream competition on upstream innovation becomes significantly positive. In

all, our downstream M&As - based IV regression provides support for a U-shaped

37The regression results and associated tables discussed below are suppressed for brevity, but are
available from the authors upon request.
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relationship between downstream competition and upstream innovation as well.

[Insert Table 4.13 here.]

Finally, to address the concern that a significant coefficient on the square term of

downstream competition is necessary but not sufficient to establish a quadratic

U-shaped relationship (Hanns et al., 2016), we perform the robustness checks as

follows. 38 1) We first check whether the threshold point is within our data range.

As we have checked, the range of our independent variable, downstream industry

competition, is from 0.42 to 0.88, and all the threshold points are within our data

range. Taking column (2) in Table 4 in our baseline model as an example, the

turning point of the U-shaped relationship is 0.6165(7.001/(2 ∗ 5.677) = 0.6165),

which is clearly within our data range. 2) We also split our data sample into

different percentiles to see how the relationship between downstream competition

and upstream innovation varies with the subsamples. We first run simple regressions

of upstream innovation on downstream competition using the 10th, 15th, 20th, 25th,

30th, and 40th percentiles of our data respectively, each of them gives us a negative

and significant relationship between downstream competition and upstream

innovation. Next, we use the 90th, 85th, 80th, 75th, 70th, and 60th percentiles of

our sample to run the regression respectively, finding that downstream competition

is positively related to upstream innovation with all of these subsamples. Taken

together, the above results based on sample splitting provide support for the

U-shaped relationship existing between downstream competition and upstream

innovation. 3) In addition, we add a cubic term of downstream industry

38The regression results and associated tables discussed below are suppressed for brevity, but are
available from the authors upon request.
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competition into our model specification to test if the nonlinear relationship is

S-shaped rather than U-shaped. We find out that the coefficient estimates on

downstream competition become insignificant with the cubic term added in the

model, and the model goodness of fit has only been improved by 0.0002. Thus, it is

unlikely that downstream competition has a S-shaped relationship with upstream

innovation. The model with a quadratic term works better for our data.

Overall, all the above results provide support for a U-shaped relationship

between downstream competition and upstream innovation.

4.8 Conclusion

This paper develops a model in which technology markets mediate the effects of

downstream competition and upstream innovation. When an upstream innovator

can choose between a targeted licensing strategy to one downstream competitor or a

market-wide licensing strategy to both competitors simultaneously, we characterize

an equilibrium threshold level of competition below which market-wide licensing is

optimal and innovation is decreasing in competition, and above which targeted

licensing is optimal and innovation is increasing in competition. When we take the

model to the data we find clear evidence of a U-shaped relation between

downstream competition and upstream innovation. Licensing patterns are a key

mechanism behind this relation.

Our analysis suggests several directions for future research. In order to provide

clear, stark and tractable results, we make strong assumptions and develop a stylized

model. In this context, it is natural to question the optimality of the licensing

contract. While much of the licensing literature discussed in the introduction
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debates the circumstances under which fixed fees, auctions, royalties, or two-part

tariffs might be optimal, in this paper we abstract from this debate and motivate

assumptions about contractual incompleteness and transaction costs in order to

ensure the (de facto) optimality of the simplest of licensing contracts: the fixed fee.

In Appendix B.2, we discuss what would happen in auction and two-part tariff

contexts, and show that the results are very similar to those of the main model.

Another natural question concerns the robustness of our results to demand

specifications other than Hotelling. Competition affects our models in two ways - by

affecting equilibrium levels of innovation, and through the licensing payoffs received

by the innovator. Targeted licensing allows one firm to gain a cost advantage over

its rival, yielding strong demand and large markups, which in turn amplify the

positive effects of competition. In contrast, market-wide licensing allows firms to not

fall behind their competitor; if they did they would have low demands and thin

markups. In this market-wide context, the positive effects of competition are muted

by these low demands and markups. Although a Hotelling demand framework

provides simplicity, we believe that the intuition behind our main results are quite

general. Our conjecture is that qualitatively similar results would obtain in other

address models (e.g. Salop, 1979), as well as in logit models and in CES models à la

Dixit-Stiglitz (1977). Modeling the impact of competition under the demand

specifications just enumerated is a natural and appealing extension of this model,

and one which we look forward to examining in future research.
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Table 4.2: Variable Definitions

This table reports summary statistics for variables constructed using a sample of U.S. public firms
from 1976-2006. All variables are measured annually at the firm level or industry level.

CITATION-WEIGHTED PATENTS The number of patents a firm receives in a given year weighted
by the citations of these patents.

TOTAL PATENT CITATIONS The total citations in a given year to patents that a firm has.
TOTAL CITATIONS PER PATENT The total citations in a given year, divided by that year’s total

number of patents.
DOWNSTREAM COMP One minus the Lerner index for a downstream industry.
DOWNSTREAM COMP (TNIC) One minus the HHI index for a downstream industry based on

FIC-300 TNIC
IMPORT TARIFF CHANGE A dummy variable setting to one if the largest tariff rate reduction

in downstream industry k by time t is larger than three times the
median tariff rate reduction in that industry; and zero otherwise.

DOWNSTREAM MAS The average of the number of M&As within downstream indus-
tries that associated with a focal upstream industry.

R&D / ASSETS The ratio of Compustat research and development expenditures
to the book value of total assets, measured at the end of the fiscal
year.

LEVERAGE Book value of debt divided by book value of total assets measured
at the end of fiscal year

MARKET-TO-BOOK Market value of equity plus book value of assets minus book value
of equity minus balance sheet deferred taxes divided by book
value of assets.

ROA Operating income before depreciation divided by book value of
total assets, measured at the end of fiscal year

CAPEX/ASSETS Capital expenditures scaled by book value of total assets mea-
sured at the end of fiscal year t.

UPSTREAM COMP One minus the Herfindahl index of four-digit SIC industry j to
which firm i belongs, measured at the end of fiscal year t.

LICENSE TARGETED A dummy variable setting to 1 if targeted licensing strategy is
adopted, and 0 if market-wide licensing is used.

FIRM SIZE Log of firm sales amount in a given year.
PRIOR LICENSE A dummy variable setting to 1 if a licensor firm had sold licenses

up to period t-1, and 0 otherwise.
KNOWLEDGE STOCK The number of patents granted to the firm in year t, plus the

number of patents granted to the firm up to year t-1, depreciated
by 15%.

COMPLEXITY A dummy variabel setting to 1 if the two-digit SIC industry that
a firm operates in is equal to or above 35, and 0 otherwise.

INDUSTRY CONCENTRATION One minus the Lerner index based on four-digit SIC industries.
INDUSTRY GROWTH The percentage change in total sales in four-digit SIC industries.
IPR STRENGTH Proxied by industry patent intensity, measured by industry

patents divided by industry R&D expenditure in a given year.
DOWNSTREAM SIZE We measure downstream market size by the sum of the total

assets of firms in the downstream industries that belong to a
focal upstream industry.
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Table 4.3: Summary Statistics

This table reports summary statistics for variables constructed using a sample of U.S. public
firms from 1976-2006. All variables are measured annually at the firm level or industry level.
Variable definitions are provided in Table 4.2.

VARIABLES 10% Pctile. Mean Median 90% Pctile. Std. Dev. Obs.

CITATION-
WEIGHTED
PATENTS

0.000 0.1362 0.002 0.059 0.777 24,845

TOTAL PATENT CI-
TATIONS

1.046 423.6158 37.990 629.598 2335.598 24,915

TOTAL CITATIONS
PER PATENT

0.620 15.548 10.485 33.178 20.456 24,915

DOWNSTREAM
COMP

0.682 0.7687 0.779 0.844 0.071 24,915

R&D/ASSETS 0.009 0.1081 0.052 0.251 0.168 20,780
LEVERAGE 0.000 0.2154 0.186 0.450 0.202 24,785
MARKET-TO-BOOK 0.888 2.257 1.458 4.242 2.372 21,498
ROA -0.238 0.0442 0.121 0.240 0.292 24,697
CAPEX/ASSETS 0.016 0.0632 0.050 0.124 0.051 24,378
UPSTREAM COMP 0.601 0.848 0.926 0.987 0.190 24,914
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Table 4.4: Downstream Competition and Upstream Innovation

This table presents coefficients estimates of regressions which examine the effect of down-
stream industry competition on upstream firm innovation (equation (17)). The dependent
variable is CITATION-WEIGHTED PATENTS for firm i in industry j and year t. Col-
umn (1) presents the results with year and industry fixed effects by using negative binomial
method, and column (2) further includes firm level and industry level controls. Column (3)
presents the results by using OLS, and columns (4) and (5) based on OLS include year and
industry fixed effects, and control for firm characteristics respectively. Finally, columns (6)
and (7) show the results by using poisson model with year and industry fixed effects and
firm and industry level controls. The sample period is from 1976-2006. All variables are
defined in Table 4.2. The t-statistics reported in parentheses below the coefficient estimates
are based on standard errors adjusted for within-firm clustering. Significance at the 10%,
5%, and 1% level is indicated by *, **, ***, respectively.

VARIABLES (1) (2) (3) (4) (5) (6) (7)

DOWNSTREAM
COMP

-8.541** -7.001* -3.334** -3.796** -1.500* -3.241* -5.287*

(3.674) (3.953) (1.326) (1.510) (0.908) (1.806) (2.861)
DOWNSTREAM
COMP2

6.659*** 5.677** 1.983** 2.237** 1.004* 2.680** 4.22**

(2.532) (2.760) (0.830) (0.930) (0.556) (1.390) (2.160)
R & D / ASSETS -11.137*** -0.086* -0.139* -10.445***

(2.746) (0.050) (0.070) (3.513)
LEVERAGE 0.203 0.010 0.063* 0.257

(0.538) (0.026) (0.032) (0.481)
MARKET-TO-BOOK -0.240*** -0.004*** -0.004*** -0.207***

(0.077) (0.001) (0.001) (0.065)
ROA 3.404*** 0.024 0.030 2.073***

(0.613) (0.025) (0.025) (0.753)
CAPEX/ASSETS 3.995** 0.155 0.096 1.785

(1.982) (0.147) (0.155) (1.800)
UPSTREAM COMP -3.358* 0.326* -0.134 -2.565

(1.972) (0.188) (0.100) (2.202)
UPSTREAM COMP2 2.316 -0.247 (0.069) 1.515

(1.578) (0.165) (0.103) (1.815)

Year Fixed Effects Yes Yes No No Yes Yes Yes
Industry Fixed Effects Yes Yes No No Yes Yes Yes

Method NB NB OLS OLS OLS Poisson Poisson
Clusters 3,718 2,716 3,718 2,716 2,716 3,718 2,716
Observations 24,845 17,743 24,845 17,743 17,743 24,845 17,743
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Table 4.5: Downstream Competition and Upstream Innovation with TNIC Industry

This table presents the results of regression of upstream innovation on downstream compe-
tition when measuring competition using TNIC industry classifications. In particular, the
TNIC industry classifications are text-based industry classifications developed by Hoberg
and Phillips (2010, 2016), which form industries based on text analysis of 10-K reports. The
dependent variable in each specification is CITATION-WEIGHTED PATENTS for firm i
in industry j and year t. All variables are defined in Table 4.2. The t-statistics reported
in parentheses below the coefficient estimates are based on standard errors adjusted for
within-firm clustering. Significance at the 10%, 5%, and 1% level is indicated by *, **, ***,
respectively.

VARIABLES (1) (2) (3) (4)

DOWNSTREAM COMP (TNIC) -3.669** -4.027** -5.166*** -5.444***
(1.568) (1.590) (1.974) (2.005)

DOWNSTREAM COMP (TNIC) 2 5.441** 6.023** 7.331** 7.640***
(2.477) (2.524) (3.161) (3.211)

R&D/ASSETS -4.549*** -4.436***
(1.299) (1.257)

LEVERAGE 0.679** 0.708**
(0.333) (0.326)

MARKET-TO-BOOK -0.0846** -0.0827**
(0.039) (0.038)

ROA 3.601*** 3.592***
(0.475) (0.480)

CAPEX/ASSETS 1.187 1.149
(1.395) (1.411)

UPSTREAM COMP -2.179
(1.561)

UPSTREAM COMP2 1.350
(1.471)

Year Fixed Effects No Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes
Clusters 2349 2349 1800 1800
Observations 9448 9448 7140 7140
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Table 4.6: Split-sample IV Regressions: Imputed Splits

This table reports instrumental variables regressions of upstream innovation on downstream compe-
tition. The first stage, reported in column (1), is an OLS regression of downstream competition on
the RHS variables reported in the table. In this specification, the instrument is the change in tariff
rates in the industry, based on data obtained from Schott (2010). We first compute for each industry
the median tariff rate change as well as the largest tariff rates changes. Then we define for each
downstream industry the dummy variable, IMPORT TARIFF CHANGEk,t, which equals one if
the largest tariff rate reduction in downstream industry k by time t is larger than three times the
median tariff rate reduction in that industry; and zero otherwise. Then we average the competitive
shocks coming from the downstream industries associated with an upstream industry. Then we split
the sample according to whether the industry in question is above or below the peak implied by the
linear and quadratic terms in Column (5) of Table 4.4. In columns (2) - (4), we regress upstream
innovation on downstream competition for below-peak levels of industry competition, using the gen-
erated regressor from the first stage as an instrument for downstream competition. Columns (5) - (7)
repeat the same analysis but focus on the set of industries with above-peak competition each year.
The sample period is from 1976-2006. All variables are defined in Table 4.2. The t-statistics reported
in parentheses below the coefficient estimates are based on standard errors adjusted for within-firm
clustering. Significance at the 10%, 5%, and 1% level is indicated by *, **, ***, respectively.

First Stage 2nd Stage-Below Cut 2nd Stage-Above Cut
VARIABLES (1) (2) (3) (4) (5) (6) (7)

DOWNSTREAM
COMP(Fitted)

-24.91*** -30.73** -64.75* 9.97*** 18.36** 21.08*

(9.379) (12.492) (36.160) (3.218) (7.694) (11.440)
IMPORT TAR-
IFF CHANGE

0.02***

(0.002)
R&D/ASSETS -0.01 5.51 6.71 13.21*** -9.87** -10.79*** -16.54***

(0.010) (4.384) (4.507) (4.219) (4.253) (4.106) (4.579)
LEVERAGE -0.00 -2.67* -3.11** -5.73*** -1.39 -1.41 0.13

(0.004) (1.388) (1.450) (1.611) (1.201) (1.183) (1.212)
MARKET-TO-
BOOK

0.00** 0.07 0.12 0.17 -0.39*** -0.40*** -0.43***

(0.001) (0.297) (0.245) (0.280) (0.110) (0.111) (0.139)
ROA 0.00 9.94*** 9.56*** 12.74*** 1.06 1.21 2.60**

(0.004) (1.874) (1.943) (1.943) (1.325) (1.456) (1.220)
CAPEX/ASSETS 0.00 17.31*** 17.87*** 3.00 10.22*** 11.25*** 12.24***

(0.016) (5.189) (5.865) (8.546) (3.883) (4.072) (3.823)
UPSTREAM
COMP

-0.04 5.21 5.06 -1.56 3.55 5.88 1.14

(0.032) (5.452) (5.118) (7.867) (3.514) (3.947) (4.149)
UPSTREAM
COMP2

0.06** -6.32 -5.90 -4.30 -2.51 -4.89 -3.04

(0.025) (5.349) (4.812) (7.340) (2.676) (3.059) (3.538)

Year Fixed Ef-
fects

Yes No Yes Yes No Yes Yes

Industry Fixed
Effects

Yes No No Yes No No Yes

Obs. 3,620 530 530 530 3,090 3,090 3,090
R2 0.537 0.282 0.316 0.459 0.0538 0.0622 0.205
F-test 431.7
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Table 4.7: Split-sample IV Regressions: Median Splits

This table reports instrumental variables regressions of upstream innovation on downstream compe-
tition. The first stage, reported in column (1), is an OLS regression of downstream competition on
the RHS variables reported in the table. In this specification, the instrument is the change in tariff
rates in the industry, based on data obtained from Schott (2010). We first compute for each industry
the median tariff rate change as well as the largest tariff rates changes. Then we define for each
downstream industry the dummy variable, IMPORT TARIFF CHANGEk,t, which equals one if
the largest tariff rate reduction in downstream industry k by time t is larger than three times the
median tariff rate reduction in that industry; and zero otherwise. Then we average the competitive
shocks coming from the downstream industries associated with an upstream industry. Then we split
the sample according to whether the industry in question is above or below the median industry
concentration each year. In columns (2) - (4), we regress upstream innovation on downstream com-
petition for below-median levels of industry competition, using the generated regressor from the first
stage as an instrument for downstream competition. Columns (5) - (7) repeat the same analysis but
focus on the set of industries with above-median competition each year. The sample period is from
1976 - 2006. All variables are defined in Table 4.2. The t-statistics reported in parentheses below the
coefficient estimates are based on standard errors adjusted for within-firm clustering. Significance
at the 10%, 5%, and 1% level is indicated by *, **, ***, respectively.

First Stage 2nd Stage-Below Cut 2nd Stage-Above Cut
VARIABLES (1) (2) (3) (4) (5) (6) (7)

DOWNSTREAM
COMP(Fitted)

-0.61 -23.11*** -39.49*** 18.39*** 13.64*** 23.56*

(6.294) (6.328) (9.694) (3.862) (2.915) (13.624)
IMPORT TAR-
IFF CHANGE

0.02***

(0.002)
R&D/ASSETS -0.01 -5.74 -15.93*** -17.87*** -8.13** -12.77*** -13.35***

(0.010) (4.060) (4.660) (4.740) (4.033) (4.549) (4.530)
LEVERAGE -0.00 -1.44 0.02 -0.09 -2.55* -1.04 -1.20

(0.004) (1.847) (1.460) (1.429) (1.526) (1.489) (1.454)
MARKET-TO-
BOOK

0.00** -0.33** -0.29* -0.33** -0.46*** -0.47*** -0.48***

(0.001) (0.139) (0.152) (0.165) (0.120) (0.135) (0.152)
ROA 0.00 1.55 2.92* 4.14*** 2.38** 2.48** 3.64***

(0.004) (1.479) (1.639) (1.581) (1.200) (1.155) (1.241)
CAPEX/ASSETS 0.00 2.46 4.30 7.47* 13.75*** 13.41*** 14.24***

(0.016) (4.688) (3.763) (4.052) (4.150) (3.945) (4.258)
UPSTREAM
COMP

-0.04 2.46 -0.48 -3.11 26.58 2.61 3.03

(0.032) (3.358) (4.454) (5.289) (19.772) (4.664) (4.801)
UPSTREAM
COMP2

0.06** -2.15 -1.11 1.63 -17.44 -2.45 -3.54

(0.025) (2.879) (3.549) (4.463) (12.856) (3.657) (3.855)
Year Fixed Ef-
fects

Yes No Yes Yes No Yes Yes

Industry Fixed
Effects

Yes No No Yes No No Yes

Observations 3,620 1,733 1,733 1,733 1,887 1,887 1,887
R2 0.537 0.0243 0.244 0.259 0.0872 0.188 0.198
F-test 431.7
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Table 4.8: Downstream Competition, Licensing, and Innovation

This table captures the interaction between downstream competition, licensing, and innovation.
Tthe dependent variables in Panels A and B is CITATION-WEIGHTED PATENTS and LICENSE
TARGETED repectively. All variables are defined in Table 4.2. The t-statistics reported in parenthe-
ses below the coefficient estimates are based on standard errors adjusted for within-firm clustering.
Significance at the 10%, 5%, and 1% level is indicated by *, **, ***, respectively.

Panel A

VARIABLES (1) (2) (3) (4) (5)
DOWNSTREAM COMP -8.654*** -6.636*** -6.345** -4.108*** -2.083*

(2.354) (1.400) (1.443) (1.495) (1.242)
LICENSE TARGETED -13.372*** -9.552*** -11.439*** -8.569*** -5.000**

(3.812) (3.354) (3.607) (2.990) (2.453)
DOWNSTREAM
COMP*

12.097*** 7.738** 10.208*** 7.766** 4.944*

LICENSE TARGETED (3.923) (3.605) (3.780) (3.167) (2.652)
LEVERAGE 5.344* 5.156* 3.264* 2.825*

(3.199) (2.977) (2.199) (1.573)
MARKET-TO-BOOK -1.091*** -1.109*** -0.950*** -0.612***

(0.158) (0.166) (0.141) (0.171)
ROA 9.908*** 9.587*** 8.571*** 8.116***

(1.579) (1.360) (1.078) (1.495)
CAPEX/ASSETS -7.972* -6.875* -1.393 -5.034

(4.667) (4.582) (3.993) (3.681)
UPSTREAM COMP 13.273 8.475 -23.082*

(10.052) (9.726) (12.827)
UPSTREAM COMP2 -8.596 -5.938 13.424

(7.500) (7.303) (9.032)
Year fixed effects No No No Yes Yes
Industry fixed effects No No No No Yes
Observations 544 472 472 472 472

Panel B
VARIABLES (1) (2) (3) (4) (5)
DOWNSTREAM COMP 0.523** 0.341*** 0.348** 0.392*** 0.253*

(0.114) (0.139) (0138) (0.143) (0.145)
FIRM SIZE 0.002 0.002 0.006 0.007

(0.007) (0.007) (0.007) (0.010)
PRIOR LICENSE -0.053* -0.054* -0.718** -0.022

(0.030) (0.030) (0.033) (0.040)
KNOWLEGE STOCK -0.001* 0.000* -0.000* -0.001*

(0.000) (0.000) (0.000) (0.000)
COMPLEXITY -0.162** -0.162*** -0.173*** 0.089

(0.042) (0.042) (0.041) (0.121)
INDUSTRY CONCEN-
TRATION

-0.029** -0.029** -0.144 -0.015

(0.012) (0.012) (0.012) (0.018)
INDUSTRY GROWTH 0.039 0.039 0.002 -0.022

(0.093) (0.093) (0.124) (0.095)
IPR STRENGTH 0.072 0.072 0.059 0.093

(0.047) (0.047) (0.040) (0.125)
Year fixed effects No No No Yes Yes
Industry fixed effects No No No No Yes
Observations 583 583 567 567 567
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Table 4.9: Downstream Competition, Market Size, and Licensing Strategy

This table reports the results about how a firm’s choice of licensing strategy depends on the market size of
the downstream industries that the focal firm faces. Specifically, we measure downstream market size by the
sum of the total assets of firms in the downstream industries that belong to a focal upstream industry. The
dependent variable is LICENSE TARGETED. All variables are defined in Table 4.2. The t-statistics reported
in parentheses below the coefficient estimates are based on standard errors adjusted for within-firm clustering.
Significance at the 10%, 5%, and 1% level is indicated by *, **, ***, respectively.

VARIABLES (1) (2) (3) (4) (5)

DOWNSTREAM
COMP

0.626*** 0.493*** 0.490** 0.528** 0.474**

(0.170) (0.178) (0.202) (0.207) (0.238)
DOWNSTREAM SIZE 0.033 0.034 0.026 0.03 0.05

(0.024) (0.023) (0.024) (0.024) (0.031)
DOWNSTREAM
COMP*

-0.064** -0.060** -0.049* -0.055* -0.060*

DOWNSTREAM SIZE (0.030) (0.029) (0.029) (0.030) (0.034)
FIRM SIZE -0.002 0.001 0.004 0.003

(0.006) (0.007) (0.007) (0.009)
PRIOR LICENSE -0.047 -0.051 -0.076** -0.03

(0.031) (0.032) (0.036) (0.038)
PATENT STOCK 0 0 0 0

(0.000) (0.000) (0.000) (0.000)
COMPLEXITY -0.112*** -0.136*** -0.145*** -0.004

(0.043) (0.046) (0.044) (0.093)
INDUSTRY GROWTH 0.097 0.064 -0.074

(0.105) (0.134) (0.102)
INDUSTRY CONCEN-
TRATION

-0.031*** -0.02 -0.012

(0.011) (0.013) (0.015)
IPR STRENGTH 0.105* 0.08 0.028

(0.054) (0.056) (0.096)

Year fixed effects No No No Yes Yes
Industry fixed effects No No No No Yes
Observations 531 530 516 516 516
R-squared 0.076 0.101 0.112 0.152 0.303
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Table 4.10: Downstream Competition and Upstream Innovation: Alternative Measures

This table presents coefficients estimates of regressions which examine the effect of downstream industry competition
on upstream firm innovation. The dependent variables for columns (1) - (3) and (4) - (6) are total citations per
patent and total citations for firm i in industry j and year t, respectively. The sample period is from 1976-2006. All
variables are defined in Table 4.2. The t-statistics reported in parentheses below the coefficient estimates are based
on standard errors adjusted for within-firm clustering. Significance at the 10%, 5%, and 1% level is indicated by *,
**, ***, respectively.

VARIABLES (1) (2) (3) (4) (5) (6)

DOWNSTREAM
COMP

-1.917** -2.148** -1.720* -3.699** -5.146** -5.574**

(0.896) (1.002) (0.986) (1.864) (2.475) (2.559)
DOWNSTREAM
COMP2

1.384** 1.651** 1.398** 2.817** 3.791** 3.999**

(0.597) (0.662) (0.648) (1.219) (1.591) (1.970)
R&D/ASSETS -0.064 0.104 0.029 -6.664***

(0.106) (0.127) (0.249) (2.485)
LEVERAGE -0.198*** -0.381*** 0.126 0.520*

(0.056) (0.076) (0.144) (0.314)
MARKET-TO-BOOK 0.0323*** 0.045*** 0.018** -0.064**

(0.046) (0.047) (0.009) (0.028)
ROA 0.183*** 0.048 1.382*** 1.111**

(0.056) (0.069) (0.132) (0.531)
CAPEX/ASSETS 0.607*** 0.485** 1.859*** 0.829

(0.178) (0.216) (0.503) (1.732)
UPSTREAM COMP -0.744*** -0.452 -2.021*** -1.797

(0.280) (0.331) (0.766) (1.397)
UPSTREAM COMP2 0.543** 0.301 1.665*** 1.616

(0.233) (0.262) (0.639) (1.160)

Year fixed effects Yes Yes Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes Yes Yes
Estimation method OLS OLS Poisson OLS OLS Poisson
Number of clusters 3,718 2,716 3,718 2,716 2,716 2,716
Observations 24,914 17,801 24,845 24,914 17,801 17,801

·
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Table 4.11: Downstream Competition and Upstream Competition: Using Year 1976 - 2001

This table reports the results of the baseline mode regression as in Table 4.4 but using the
sample period 1976 - 2001. The dependent variable is CITATION-WEIGHTED PATENTS
for firm i in industry j and year t. All variables are defined in Table 4.2. The t-statistics
reported in parentheses below the coefficient estimates are based on standard errors adjusted
for within-firm clustering. Significance at the 10%, 5%, and 1% level is indicated by *, **,
***, respectively.

VARIABLES (1) (2) (3) (4) (5) (6)

DOWNSTREAM
COMP

-3.989*** -4.419*** -1.746* -12.392** -8.679* -5.574**

(1.502) (1.715) (0.938) (5.904) (2.475) (2.559)
DOWNSTREAM
COMP 2

2.382** 2.621** 1.167** 9.731** 3.791** 3.999**

(0.939) (1.059) (0.576) (4.015) (1.591) (1.970)
R&D/ASSETS -0.081 -0.142* 0.029 -6.664***

(0.052) (0.075) (0.249) (2.485)
LEVERAGE 0.009 0.070* 0.126 0.520*

(0.030) (0.036) (0.144) (0.314)
MARKET-TO-BOOK -0.004*** -0.004*** 0.018** -0.064**

(0.001) (0.001) (0.009) (0.028)
ROA 0.026 0.0319 1.382*** 1.111**

(0.028) (0.028) (0.132) (0.531)
CAPEX/ASSETS 0.105 0.052 1.859*** 0.829

(0.147) (0.154) (0.503) (1.732)
UPSTREAM COMP 0.358* -0.150 -2.021*** -1.797

(0.192) (0.107) (0.766) (1.397)
UPSTREAM COMP 2 -0.284* 0.085 1.665*** 1.616

(0.169) (0.111) (0.639) (1.160)

Year fixed effects No No Yes Yes Yes Yes
Industry fixed effects No No Yes Yes Yes Yes
Estimation method OLS OLS OLS NB NB Poisson
Number of clusters 3,539 2,586 2,586 3,539 2,716 2,716
Observations 21,911 15,450 15,450 21,911 17,801 17,801
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Table 4.12: Downstream Competition and Upstream Innovation: Manufacturing Industries

This table reports the results of the baseline mode regression as in Table 4.4 by only using the
manufacturing industries as in Aghion et al. (2005). The dependent variable is CITATION-
WEIGHTED PATENTS for firm i in industry j and year t. All variables are defined in
Table 4.2. The t-statistics reported in parentheses below the coefficient estimates are based
on standard errors adjusted for within-firm clustering. Significance at the 10%, 5%, and
1% level is indicated by *, **, ***, respectively.

VARIABLES (1) (2) (3) (4) (5) (6)

DOWNSTREAM
COMP

-3.242** -3.707** -1.465* -8.241** -6.594* -4.878*

-1.342 -1.516 -0.91 -3.583 -4 -2.886
DOWNSTREAM
COMP 2

1.908** 2.167** 0.976* 6.461*** 5.344* 3.868*

-0.843 -0.934 -0.56 -2.507 -2.834 -2.187
R&D/ASSETS -0.084* -0.139** -11.226*** -10.559**

-0.05 -0.07 -2.776 -3.564
LEVERAGE 0.01 0.064** 0.236 0.274

-0.026 -0.032 -0.55 -0.488
MARKET-TO-BOOK -0.004*** -0.004*** -0.243** -0.209**

-0.001 -0.001 -0.079 -0.067
ROA 0.024 0.03 3.478*** 2.085*

-0.025 -0.026 -0.621 -0.761
CAPEX/ASSETS 0.171 0.109 4.397** 1.94

-0.153 -0.159 -2.026 -1.823
UPSTREM COMP 0.317 -0.15 -3.621* -3.043

-0.194 -0.107 -2.066 -2.295
UPSTREAM COMP 2 -0.244 0.085 2.482 1.892

-0.169 -0.111 -1.642 -1.884

Year fixed effects No No Yes Yes Yes Yes
Industry fixed effects No No Yes Yes Yes Yes
Estimation method OLS OLS OLS NB NB Poisson
Number of clusters 3,539 2,586 2,586 3,614 2,677 2,716
Observations 21,911 15,450 15,450 24,153 17,372 17,801
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Table 4.13: Split-sample IV Regressions: Using Downstream M&As as IV

This table reports instrumental variables regressions of upstream innovation on downstream
competition, using the number of M&As in the downstream industries as the IV for down-
stream compeition . The first stage, reported in column (1), is an OLS regression of down-
stream competition on the RHS variables reported in the table. In this specification, the
instrument is the average of the number of M&As within downstream industries that asso-
ciated with a focal upstream industry. We first compute for each downstream industry the
number of M&As within that downstream industry. We then average the number of M&As
from all the downstream industries that associated with an upstream industry. Finally, we
split the sample according to whether the industry in question is above or below the median
industry concentration each year. In columns (2) - (3), we regress upstream innovation on
downstream competition for below-median levels of industry competition. Columns (4) -
(5) repeat the same analysis but focus on the set of industries with above-median compe-
tition each year. The sample period is from 1990 -2006. All variables are defined in Table
4.2. The t-statistics reported in parentheses below the coefficient estimates are based on
standard errors adjusted for within-firm clustering. Significance at the 10%, 5%, and 1%
level is indicated by *, **, ***, respectively.

First Stage 2nd Stage-Below Cut 2nd Stage-Above Cut
VARIABLES (1) (2) (3) (4) (5)

DOWNSTREAM
COMP (Fitted)

-13.580*** -50.119** 8.696** 3.427*

(4.073) (21.332) (3.656) (1.221)
DOWNSTREAM MAs -0.020***

(0.007)
R&D/ASSETS -0.006 -11.289*** -10.836*** -9.348** -9.415**

(0.004) (3.043) (2.883) (3.684) (3.752)
LEVERAGE -0.002 0.290 0.375 0.563 0.500

(0.002) (0.715) (0.716) (0.928) (0.885)
MARKET-TO-BOOK 0.001** -0.298*** -0.303*** -0.172* -0.166*

(0.000) (0.086) (0.088) (0.088) (0.088)
ROA -0.000 5.555*** 5.913*** 3.994*** 4.319***

(0.002) (0.978) (0.960) (0.926) (0.934)
CAPEX/ASSETS -0.025** 4.131* 4.151 8.436*** 9.144***

(0.012) (2.316) (2.673) (2.986) (3.228)
UPSTREAM COMP 0.020 -3.640 -1.788 -4.141 -2.868

(0.030) (2.490) (2.672) (4.968) (5.384)
UPSTREAM COMP2 0.013 2.133 1.508 3.823 2.975

(0.030) (1.876) (2.196) (3.698) (3.942)

Year Fixed Effects Yes No Yes No Yes
Industry Fixed Effects Yes Yes Yes Yes Yes
Clusters 1,772 1,334 1,334 1,322 1,322
Observations 9,183 4,414 4,414 4,721 4,721
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Chapter 5

Conclusions

The main goal of this thesis is to understand the sources of innovation productivity

and firm growth. In particualr, this thesis examines how managerial human capital,

regulatory policies, and product market competition, affects firms’ choices of

investment and growth strategies as well as their incentives to innovate. We choose

to focus on these three aspects because all of which have not been studied in the

literature.

The first aspect focues on how the individual level factor - managerial human

capital - plays a role in shaping firm growth. In Chapter 2, we develop a model in

which a firm’s manager, with certain general managerial skills, needs to allocate a

given amount of financial slack to external and internal investments. The model

suggests that when the firm is cash constrained, general managerial skills lead to

more external investment but less internal investment; these relationships vary with

how much financial slack the firm has and whether there is empire building by

managers. Using a panel of U.S. data over the period of 1996 - 2007, our empirical

analysis provides clear evidence that there is a positive relationship between general

managerial skills and external investment strategy, which is negatively moderated

by firms’ financial slack but positively moderated by empire building by managers.
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We address the potential endogenous concern with general managerial skills by

using the enforceability of non-compete agreements across different states in U.S.

The IV regressions clearly uncovers a causal impact of general managerial skills on

external investment strategy. The future research is to set up a dynamic game in

which financial slack would be endogenously determined by firms’ investment

strategies in previous periods.

The second aspect examines the impact of regulatory policies on firms’

engagement in CSR. In Chapter 3, we develop a model in which CSR emerges

endogenously as a response to imperfect regulatory oversight. We develop a model

to show that when a regulator doesn’t have the ability to efficiently monitor firms,

she has to set a loose regulation to ensure firm compliance. In these cases, it

becomes optimal for the firm to hire a socially responsible worker and to let him

enjoy extra utility by engaging more in CSR. Hence, a key prediction of our model

is that imperfect regulatory oversight leads to more CSR. We then use a

difference-in-difference approach to provide causal evidence of a negative

relationship between regulatory oversight and CSR. In particular, we exploit an

exogenous policy shock in disclosure standards in the UK surrounding GHG

emissions in 2012. We find that after the introduction of the mandatory disclosure

policy, UK firms on average have lower CSR ratings compared to firms from other

European countries, which is consistent with our model. We find additional support

for the model using a sample of U.S. data. Taken together, these findings provide

support for the idea that CSR emerges as a response to weaknesses in regulatory

oversight. The novel finding of this chapter is that ineffcient regulation may lead to

more CSR, which has far-reaching policy and managerial implications, in the world
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with increasing globalization and regulation technology. Our model shows that the

emergence of CSR as a central element of corporate strategy is not a rebuke to

Friedman’s admonition. Instead, when the rules of the game are poorly enforced, it

can arise when firms behave exactly as Friedman suggested they should.

The last piece of this thesis offers a new perspective on the long-lasting question

of how competition affects innovaton by investigating specifically the impact of

downstream competition on upstream innovation. In Chapter 4, we develop a model

in which technology markets mediate the effects of downstream competition and

upstream innovation. When an upstream innovator can choose between a targeted

licensing strategy to one downstream competitor or a market-wide licensing strategy

to both competitors simultaneously, we characterize an equilibrium threshold level

of competition below which market-wide licensing is optimal and innovation is

decreasing in competition, and above which targeted licensing is optimal and

innovation is increasing in competition. When we take the model to the data, we

find clear evidence of a U-shaped relationship between downstream competition and

upstream innovation; licensing patterns are a key mechanism behind this relation.

To address endogeneity concern, we use the reductions in import tariff rates as an

exogenous shock to the competitive structure of an industry and we find that

downstream competition has a non-linear causal impact on upstream innovation.

Future research directions are 1) to include the optimality of the licensing contract

in the model by comparing different licensing contracts; and 2) to consider other

demand specifications (e.g. other address models, logit models, and CES models), in

addition to Hotelling model.
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Appendix A

Appendix for Essay 1

A.1 Proof for The Effects of General Managerial Skills and Financial
Slack

maxE,I θ
(
−
(
E − E

)2
+ 1
)

+ (1− θ)
(
−
(
I − I

)2
+ 1
)

s.t.
Budget constraint: E + I ≤ F .

To solve for the equilibrium, we derive the following Lagrangian equation:

L = θ
(
−
(
E − E

)2
+ 1
)

+ (1− θ)
(
−
(
I − I

)2
+ 1
)

+ λ(E + I − F )

Kuhn - Tucker conditions give:
∂L
∂E

= −2θ(E − E)− λ ≤ 0, E ≥ 0, E ∂L
∂E

= 0
∂L
∂I

= −2(1− θ)(I − I)− λ ≤ 0, I ≥ 0, I ∂L
∂I

= 0
∂L
∂λ

= F − E − I ≥ 0, λ ≥ 0, λ∂L
∂λ

= 0

First, we need to impose the following regulatory conditions: Recall that in the
equilbrium without managers’ empire building, the equilibrium external and
internal investments are as follows: E∗∗ = (F − I)− θ(F − E − I),
I∗∗ = I + θ(F − E − I). To make sure that the external investment is non-negative,
we must have E∗∗ ≥ 0 ⇐⇒ (F − I)− θ(F − E − I) ≥ 0 ⇐⇒ F ≥ E + I − 1

1−θE.
Similarly, to ensure that we have a non-negative equilibrium internal investment, we
mush have I∗∗ ≥ 0 ⇐⇒ I + θ(F − E − I) ≥ 0 ⇐⇒ F ≥ E + I − 1

θ
I. Putting

together, for both external and internal investments to be non-negative, we need to
impose the regulatory restriction that F ≥ max{E + I − 1

1−θE, E + I − 1
θ
I }.

Second, we prove that E > 0,I > 0 must be held as follows.
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Suppose E = 0, we must have ∂L
∂E

< 0, −2θ(E − E)− λ = 2θE − λ < 0, which

further simplifies to λ > 2θE > 0. When λ > 0, we must have ∂L
∂λ

= F − E − I = 0,
simplifying to I = F > 0 since E = 0. When I > 0, we must have ∂L

∂I
= 0, i.e,

−2(1− θ)(I − I)− λ = 0, suggesting that
λ = −2(1− θ)(I − I) = −2(1− θ)(F − I) ≤ 0 since F ≥ E + I = E + I, which
contradicts with λ > 0 derived above. Therefore, E = 0 is impossible, and we must
have E > 0.

Similarly, suppose I = 0, we have ∂L
∂I
< 0,

−2(1− θ)(I − I)− λ = 2(1− θ)I − λ < 0, which further simplifies to
λ > 2(1− θ)I > 0. When λ > 0, we must have ∂L

∂λ
= F − E − I = 0, simplifying to

E = F > 0 since I = 0. When E > 0, we have ∂L
∂E

= 0, i.e, −2θ(E − E)− λ = 0,

suggesting that λ = −2θ(E − E) = −2θ(F − E) ≤ 0 since F ≥ E + I = E + I,
which contradicts with λ > 0 derived in the above analysis. Hence, I = 0 is
impossible, and we must have I > 0.

Therefore, we have
∂L
∂E

= −2θ(E − E)− λ = 0
∂L
∂I

= −2(1− θ)(I − I)− λ = 0
Apparently, we can solve for E and I in two cases when λ = 0 and λ > 0,

respectively.

A.2 Proof for The Effects of Empire Building

maxE,I θ
(
−
(
E − E

)2
+ 1
)

+ (1− θ) ·
(
−
(
I − I

)2
+ 1
)

+ ρ · θ · E
s.t.

Budget Constraint: E + I ≤ F.

To solve for the equilibrium, we derive the following Lagrangian equation:

L = θ
(
−
(
E − E

)2
+ 1
)

+ (1− θ)
(
−
(
I − I

)2
+ 1
)

+ ρ · θ ·E + λ(E + I − F )

Kuhn - Tucker conditions give:
∂L
∂E

= −2θ(E − E) + ρ · θ − λ ≤ 0, E ≥ 0, E ∂L
∂E

= 0
∂L
∂I

= −2(1− θ)(I − I)− λ ≤ 0, I ≥ 0, I ∂L
∂I

= 0
∂L
∂λ

= F − E − I ≥ 0, λ ≥ 0, λ∂L
∂λ

= 0

First, we need to impose the following regulatory conditions on F such that both
the external and internal investments in the equilibrium with managers’ empire
building are non-negative. Recall that in the equilbrium without managers’ empire
building, the equilibrium external and internal investments are as follows:
E∗∗ = (F − I)− θ(F − E − I − ρ

2
), I∗∗ = I + θ(F − E − I − ρ

2
). To make sure that
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the external investment is non-negative, we must have E∗∗ ≥ 0 ⇐⇒
(F − I)− θ(F −E − I − ρ

2
) ≥ 0 ⇐⇒ F ≥ E + I − 1

1−θE −
θ

1−θ
ρ
2
. Similarly, to ensure

that we have a non-negative equilibrium internal investment, we mush have I∗∗ ≥ 0
⇐⇒ I + θ(F − E − I − ρ

2
) ≥ 0 ⇐⇒ F ≥ E + I − 1

θ
I + ρ

2
. Putting together, for both

external and internal investments to be non-negative, we need to have the
regulatory restriction that F ≥ max{E + I − 1

1−θE −
θ

1−θ
ρ
2
, E + I − 1

θ
I + ρ

2
}.

Second, we can easily verify that E > 0, I > 0. The following is the proof:
Suppose E = 0, we must have ∂L

∂E
< 0,

−2θ(E − E) + ρ · θ − λ = 2θE + ρ · θ − λ < 0, which further simplifies to
λ > 2θE + ρ · θ > 0. When λ > 0, we must have ∂L

∂λ
= F −E − I = 0, simplifying to

I = F > 0 since E = 0. When I > 0, we must have ∂L
∂I

= 0, i.e,

−2(1− θ)(I − I)− λ = 0, suggesting that
λ = −2(1− θ)(I − I) = −2(1− θ)(F − I) ≤ 0 since F ≥ E + I = E + I + ρ

2
, which

contradicts with λ > 0 derived above. Therefore, E = 0 is impossible, and we must
have E > 0.

Similarly, suppose I = 0, we have ∂L
∂I
< 0,

−2(1− θ)(I − I)− λ = 2(1− θ)I − λ < 0, which further simplifies to
λ > 2(1− θ)I > 0. When λ > 0, we must have ∂L

∂λ
= F − E − I = 0, simplifying to

E = F > 0 since I = 0. When E > 0, we have ∂L
∂E

= 0, i.e,

−2θ(E − E) + ρ · θ − λ = 0, suggesting that
λ = −2θ(E−E) + ρ · θ = −2θ(F −E) + ρ · θ ≤ 0 since F ≥ E+ I = E+ I + ρ

2
, which

contradicts with λ > 0 derived in the above analysis. Hence, we must have I > 0.
∂L
∂E

= −2θ(E − E) + ρ · θ − λ = 0
∂L
∂I

= −2(1− θ)(I − I)− λ = 0

Again we can solve for E and I in two cases when λ = 0 and λ > 0, respectively.



221

Appendix B

Appendix for Essay 3

B.1 Appendix: Proofs

B.1.1 Proof of Lemma 1

Using (4.4), we can express (4.7) as follows:

−2
[
−1

3

(
1
2
− ∆∗Mθ

6

)
− θ

6

(
1
θ
− ∆∗M

3

)]
= ∆∗M ; or

2
3
− 2∆∗Mθ

9
= ∆∗M ;

which yields ∆∗M = 6/ (9 + 2θ).
Note that our parametric restriction θ ∈ Θ with Θ = (0, 9/2) ensures that the

second-order condition, 2θ
9
< 1, is satisfied. Note also that at ∆∗M , the smallest

expected demand and price-cost margin a Firm i can expect to obtain (in the

no-access case) simplify to di = 1
2
− ∆∗Mθ

6
= 1

2
− θ

(9+2θ)
and Pi = 1

θ
− ∆∗M

3
= 1

θ
− 2

(9+2θ)
,

respectively; which are both strictly positive for all θ ∈ Θ.
Using (4.4) and substituting ∆∗M = 6/ (9 + 2θ) into expressions (4.5) and (4.6),

we obtain z1M = z2M = 2(9+θ)

(9+2θ)2
and Z∗M = 2

(9+2θ)
− h, respectively. �

B.1.2 Proof of Lemma 2

Using (4.4), we can express (4.10) as follows:

1
3

(
1
2

+
∆∗T θ

6

)
+ θ

6

(
1
θ

+
∆∗T
3

)
= ∆∗T ; or

1
3

+
∆∗T θ

9
= ∆∗T ;

which yields ∆∗T = 3/ (9− θ).
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Note that our parametric restriction θ ∈ Θ with Θ = (0, 9/2) ensures that the
second-order condition, θ

9
< 1, is satisfied. Note also that at ∆∗T , the smallest

expected demand and price-cost margin a Firm i can expect to obtain (in the

no-access case) simplify to di = 1
2
− ∆∗T θ

6
= 1

2
− θ

2(9−θ) and Pi = 1
θ
− ∆∗T

3
= 1

θ
− 1

(9−θ) ,
respectively; which are both strictly positive for all θ ∈ Θ.

Using (4.4) and substituting ∆∗T = 3/ (9− θ) into expressions (4.8) and (4.9), we
obtain z∗1T = 18−θ

2(9−θ)2 , and Z∗T = 1
18−2θ

, respectively. �

B.1.3 Proof of Proposition 6

Recall from Lemmas 1 and 2 that Z∗M = 2
(9+2θ)

− h and Z∗T = 1
18−2θ

. It then follows

that lim
θ→0

Z∗T − Z∗M = −1/6 + h and that lim
θ→9/2

Z∗T − Z∗M = h, and together with

Proposition 5, this implies that:

• If h ∈ (0, 1/6) - there exists a threshold level of competition θ∗ (h) ∈ Θ such
that the innovator chooses market-wide licensing for all θ ∈ (0, θ∗ (h)), and
chooses targeted licensing for all θ ∈ [θ∗, 9/2).

• If h is high - h ≥ 1/6 - targeted licensing is the optimal choice for the
innovator for all θ ∈ Θ.

To see that ∂θ∗ (h) /∂h < 0, note that θ∗ (h) is the value of θ such that
Z∗T − Z∗M = 0, or A = 1

18−2θ∗
− 2

(9+2θ∗)
+ h = 0. The implicit function theorem then

yields ∂θ∗

∂h
= − ∂A/∂h

∂A/∂θ∗
< 0. �

B.2 Appendix: Model Extensions

B.2.1 Revisiting the Tradeoff Between Market-Wide and Targeted
Licensing

In the main analysis we have shown that competition increases the appeal of
targeted licensing relative to market-wide licensing, and hence that as competition
intensifies, the innovator may switch from the latter to the former. In this section,
we explore further the licensing tradeoff and how it is affected by competition.

At date 0, the innovator decides which type of licensing to opt for. She chooses
market-wide licensing1 over targeted licensing iff Z∗M ≥ Z∗T , iff:

2∑
i=1

ziM (∆M , θ)−KM (∆M) > z1T (∆T , θ)−KT (∆T ) . (B.1)

1Since innovation levels and license fees are identical for firms 1 and 2, we express the licensor’s
payoff as twice the payoff from firm 1 for simplicity.
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Re-writing expression (B.1) in the following way helps highlight the three key
factors affecting the tradeoff between market-wide licensing and targeted licensing:

[z2M (∆M , θ)]
− [(z1T (∆M , θ)−KT (∆M))− z1M (∆M , θ)−KM (∆M)]
− [(z1T (∆T , θ)−KT (∆T ))− (z1T (∆M , θ)−KT (∆M))] > 0.

(B.2)

The first square-bracketed factor captures the revenue advantage of market-wide
licensing, i.e. the extra revenue obtained from licensing to the second firm in the
downstream market.

The second square-bracketed factor captures the dissipation disadvantage of
market-wide licensing. For a given innovation ∆M (produced at cost KT (∆M)
under targeted licensing and at cost KM (∆M) under market-wide licensing) licensed
to downstream Firm 1, the symmetric profits for Firm 1 under market-wide
licensing is smaller than the leader profits for that firm under targeted licensing;
because as discussed above Firm 1 is at a cost disadvantage in the former case and
at a cost advantage in the latter case. Accordingly, for a given innovation ∆M , the
license fee extracted under market-wide licensing is lower than the license fee
extracted under targeted licensing.

Finally, the third square-bracketed factor captures the innovation disadvantage
of market-wide licensing. It represents the part of the difference between the two
types of licensing that comes from different innovation investments being made. As
highlighted in Lemmas 1 and 2 equilibrium innovation could be greater or lower
under market-wide licensing than under targeted licensing, and hence this
disadvantage could be positive or negative.

As shown in Section 4.4.1, competition reduces the revenue advantage of
market-wide licensing and increases its dissipation disadvantage.2 Moreover, we
know from Proposition 7 that competition increases ∆T and reduces ∆M ; thus
competition increases the innovation disadvantage. This is another way to express
the positive impact of competition on the appeal of targeted licensing relative to
market-wide licensing stated in Proposition 5.

The revenue advantage and the dissipation disadvantage of market-wide licensing
are closely related to the revenue effect and rent dissipation effect, respectively,
identified in Arora and Fosfuri’s (2003) insider-patentee paper. In their model, each
incumbent competes in a differentiated downstream product market where, similar

2The discussion of Proposition 5 in Section 4.4.1 yields two points of relevance here: 1) the
innovator’s payoff from market-wide licensing decreases with competition; and 2) the innovator’s
payoff from targeted licensing increases with competition. Point 1) implies that the revenue advan-
tage decreases with competition. Points 1) and 2) together imply that the dissipation disadvantage
increases with competition.
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to our model competition is captured by the degree of substitutability between
products. Each incumbent decides how many licenses to issue to potential new
entrants, anticipating that the licensee will enter the market with a product
identical to that of the incumbent licensor. Issuing one more license generates
additional revenue (revenue effect), but reduces the incumbent’s profits (rent
dissipation effect)3 by adding a direct competitor in the downstream market.

Despite highlighting two similar factors in the licensing tradeoff, Arora and
Fosfuri’s (2003) model differs from ours along critical dimensions. First, while as in
our model competition reduces the revenue effect; in contrast to our model it also
reduces the rent dissipation effect, because the negative impact of the licensee’s
market entry is now spread more easily across all incumbents. In their model, the
second effect dominates, and hence competition leads to more licensing, not less.
Second, unlike our model of endogenous innovation, their setup considers firms’
licensing strategy for a given, exogenously determined innovation level. This
exogeneity precludes any analysis of the innovation disadvantage of market-wide
licensing discussed above, or of the central research question of this paper, namely
the subtle connection between competition, licensing, and innovation.

B.2.2 Auction Contract

In the main model we assume that transaction costs associated with auctions are
prohibitively high, making them difficult to implement. In this section we relax this
assumption and discuss the results of our model in the context of an auction setup,
and show that similar results can be obtained.

Consider the case of targeted licensing, and suppose that the innovator auctions
one license. For a given innovation ∆Ta to be licensed to the winner of the auction,
the equilibrium auction bid by Firm i is very similar to - though distinct from - the
equilibrium license fee in the main model:4

ziTa (∆Ta, 0, θ) = πi (∆Ta, 0, θ)− πi (0,∆Ta, θ). The only difference is that in the
main model the innovator commits to sell on Firm 1 only, and hence Firm 1’s
symmetric profit (i.e. if it does not get the innovation) is π1 (0, 0, θ); while here each
downstream firm conjectures that if it does not get the innovation the rival firm will
get it, and hence the symmetric profit for Firm i is πi (0,∆Ta, θ). Using
ziTa (∆Ta, 0, θ) and expression (4.4), one can readily show that: Under targeted
licensing in an auction setup, a unique equilibrium exists, in which the innovator
chooses innovation levels ∆∗Ta = 2/3. This in turn implies - assuming Firm 1 wins

3The dissipation effect also plays a key role in Arora et al.’s (2012) recent work on the tradeoff
between decentralized licensing - where the business unit has authority over licensing decisions - and
centralized licensing in a specialized licensing unit. As well, see related work by Fosfuri (2006).

4We add subscript a to remind the reader that we are examining the auction case.
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the auction - downstream price-cost margins P1 (∆∗Ta, 0, θ) =
[

1
θ

+ 2
9

]
and

P2 (0,∆∗Ta, θ) =
[

1
θ
− 2

9

]
; and expected demands d1 (∆∗Ta, 0, θ) =

[
1
2

+ θ
9

]
and

d2 (0,∆∗Ta, θ) =
[

1
2
− θ

9

]
. Equilibrium auction bid, and payoff to the innovator,

simplify to z∗1Ta = 4/9, and Z∗Ta = 2/9, respectively.
Under market-wide licensing, auctioning two licenses to the two downstream

firms yields the trivial result that both firms would bid the reservation price set by
the innovator, and hence the problem reverts to the problem examined above. For a
given innovations ∆Ma to be licensed to downstream firms i and j, the equilibrium
price received by the innovator is exactly the same as the optimal license fee charged
to Firm i in the main model: ziMa (∆Ma,∆Ma, θ) = πi (∆Ma,∆Ma, θ)−πi (0,∆Ma, θ).
Thus under market-wide licensing the outcome is identical to the outcome in the
main model, which is stated in Lemma 1, and which we repeat here for convenience.
Under market-wide licensing, a unique equilibrium exists, in which the innovator
chooses innovation levels ∆∗Ma = ∆∗M = 6

9+2θ
. This in turn implies downstream

price-cost margins P1 (∆∗Ma,∆
∗
Ma, θ) = P2 (∆∗Ma,∆

∗
Ma, θ) = 1/θ; and expected

demands d1 (∆∗Ma,∆
∗
Ma, θ) = d2 (∆∗Ma,∆

∗
Ma, θ) = 1/2. License fees, and payoff to

the innovator, simplify to z∗1Ma = z∗2Ma = 2(9+θ)

(9+2θ)2
, and Z∗Ma = 2

(9+2θ)
− h, respectively.

One can see that while equilibrium innovation and innovator payoff are now
independent of competition under targeted licensing in the auction case, the key
results are still similar to those of the main model. In particular, competition
continues to increase the appeal of targeted licensing over market-wide licensing
(∂ (Z∗Ta − Z∗Ma) /∂θ > 0). Overall, from the foregoing analysis one can derive results
equivalent to Proposition 8 in the context of an auction. In an auction setup, if the
exogenous (relative) cost of market-wide licensing h is moderately negative -
h ∈ (−1/9, 0) - there exists a threshold level of competition θ∗a (h) ∈ Θ such that the
innovator chooses market-wide licensing for all θ ∈ (0, θ∗a (h)), and chooses targeted
licensing for all θ ∈ [θ∗a, 9/2). If h is positive - h ≥ 0 - targeted licensing is the
optimal choice for the innovator for all θ ∈ Θ. And if h very negative - h ≤ −1/9 -
market-wide licensing is the optimal choice for the innovator for all θ ∈ Θ.

B.2.3 Licensing Contract With A Fixed Fee Plus Royalty

In the main model we assume that the licensing contract is based on fixed fee. In
this section we relax this assumption and discuss the results of our model in the
context of the licensing contract based on both royalty and fixed fee.

Targeted Licensing. Suppose that the innovator plans to license her
innovation to Firm 1 only. In addition of charging a fixed licensing fee, the
innovator imposes royalties in the licensing deal as well. We derive the equilibrium
by backward induction.

At date 3, price competition takes place between firms 1 and 2. Two firms choose
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prices to maximize their expected payoff, taking costs and innovations as given:

max
p1
π1 (∆T , p1, p2, θ, r) = max

p1
(p1 − c+ ∆T − r) d1 (p1, p2, θ) ,

max
p2
π2 (p2, p1, θ) = max

p2
(p2 − c) d2 (p1, p2, θ) ,

where r is the per unit royalty, and the expected demand d1 (p1, p2, θ) and
d2 (p1, p2, θ) are defined as in (4.1). Taking the FOCs with respect to price, and
solving the resulting system of two equations yields the following equilibrium profits:

π1 (∆T , θ, r) =

[
1

θ
+

∆T − r
3

] [
1

2
+

(∆T − r)θ
6

]
,

π2 (∆T , θ, r) =

[
1

θ
− ∆T − r

3

] [
1

2
− (∆T − r)θ

6

]
.

At date 2, as can readily be shown, in equilibrium Firm 1 licenses innovation ∆T

from the innovator if and only if (iff) the payoff it can obtain if she buys the license
is at least as large as its payoff if it does not buy the license:
π1 (∆T , θ, r)− zT (∆T , θ, r) ≥ π1 (0, θ, r).

At date 1, the foresighted innovator sets the highest license fee zT that she can
extract from Firm 1, subject to her buying the license, which is simply:

zT (∆T , θ, r) = π1 (∆T , θ, r)− zT (∆T , θ, r) =

[
1

θ
+

∆T − r
3

] [
1

2
+

(∆T − r)θ
6

]
− 1

2θ
.

The innovator chooses innovation ∆∗T to maximize the following payoff:

ZT = zT (∆T , θ, r) + r · d1 (p1, p2, θ)−KT (∆T ) ,

with the expected demand d1 (p1, p2, θ) = 1
2

+ (∆T−r)θ
6

. Using expression (7), and
taking the FOC with respect to ∆T and r, yields the optimal innovation, royalty,
and payoff for the innovator are:

∆∗T =
3

8− θ
,

r∗T =
6

θ(8− θ)
,

Z∗T =
θ + 1

2θ(8− θ)
.
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Under the targeted licensing with a fixed fee plus royalty contract, the licensee,
Firm 1, will need to pay a per unit royalty in addition to a fixed fee. As in the main
model, the optimal fixed fee is the difference between Firm 1’s access profits and
no-access profits. The only difference here is that in the profit maximization for
Firm 1, she has to pay a per unit royalty, r. The equilibrium innovation level that
the innovator chooses is ∆∗T = 3

8−θ , which clearly suggests a similar relationship as
in the main model - innovation ∆∗T is increasing in downstream competition, θ.

Market-Wide Licensing. Suppose now the innovator plans to license
innovations to both downstream firms. In addition of charging a fixed licensing fee,
the innovator imposes royalties in the licensing deal as well. We derive the
equilibrium by backward induction.

At date 3, price competition takes place between firms 1 and 2. Specifically, Firm
i, i = 1, 2, chooses pi to maximize its expected payoff, taking costs and innovations
as given:

max
pi
πi (∆i, pi, pj, θ, r) = max

pi
(pi − c+ ∆M − r) di (pi, pj, θ) ,

with a similar deriving procedure as before, Firm i’s expected profits simplify to
πi (∆iM ,∆jM , θ) = 1/ (2θ).

At date 2, as can readily be shown, in equilibrium Firm i licenses innovation ∆M

from the innovator if and only if (iff) the payoff it can obtain if she buys the license
is at least as large as its payoff if it does not buy the license:
πi (∆i,∆j, θ)− ziM (∆i,∆j, θ) ≥ πi (0,∆j, θ), with ∆i = ∆j = ∆M .

At date 1, the foresighted innovator sets the highest license fee ziM that she can
extract from Firm i, subject to both firms buying the license, which is simply:

ziM (∆M , θ) = πi (∆M ,∆M , θ)−πi (0,∆M , θ) =
1

2θ
−
[

1

θ
− ∆M − r

3

] [
1

2
− (∆M − r)θ

6

]
.

The innovator chooses innovation ∆∗M to maximize the following payoff:

ZM = r · d1 (p1, p2, θ) + r · d2 (p1, p2, θ) + z1M (∆M , θ) + z2M (∆M , θ)−KM (∆M) .

Using expression (7), and taking the FOC with respect to ∆M and r respectively,
we obtain the following equilibrium results:

∆∗M = 1,

r∗T = 1 +
3

2θ
,
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Z∗M =
1

2
+

1

4θ
.

Under market-wide licensing and a contract with a fixed fee plus royalty, a
unique equilibrium exists, in which the innovator chooses innovation levels ∆∗M = 1,
and the payoff to the innovator, simplifies to Z∗M = 1

2
+ 1

4θ
. The equilibrium

innovation level is now constant, and the equilibrium licensing fee for the innovator
is decreasing in downstream competition level, θ. One can see that while equilibrium
innovation is now independent of competition under market-wide licensing, the key
results are still similar to those of the main model.

Targeted Licensing vs. Marketed-wide Licensing. We proceed to
compare the payoffs under targeted licensing and marketed-wide licensing as follows:

∆Z = Z∗T − Z∗M =
θ + 1

2θ(8− θ)
− (

1

2
+

1

4θ
).

Let ∆Z = 0, clearly there is a threshold point of θ, θ∗ = 6.9, such that above this
point, the targeted licensing dominates the market-wide licensing, i.e., ∆Z ≥ 0;
while below this point, the market-wide licensing becomes optimal, i.e., ∆Z > 0.
Together with the above results under targeted and market-wide licensing, one can
easily deduce that the equilibrium innovation has a U-shaped relationship with
downstream competition. These key results under a fixed fee plus royal contract are
equivalent to those in our main model where a fixed fee contract is applied. In
particular, competition continues to increase the appeal of targeted licensing over
market-wide licensing (∂ (∆Z) /∂θ > 0).

Overall, in the context of a fixed fee plus royalty contract, there exists a
threshold level of competition θ∗, θ∗ = 6.9, such that the innovator chooses
market-wide licensing for all θ ∈ (0, 6.9), and chooses targeted licensing for all
θ ∈ [6.9, 8). This further points to a U-shaped relationship between downstream
competition and upstream innovation.


