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Chapter 1

Introduction

The fundamental goal of scholars in corporate �nance is to understand how �nancial

resources of investors channel through �nancial markets, intermediaries, and within cor-

porations to their most e�cient uses. This thesis explores the economics of one of these

aspects { corporate investment { and investigates how problems of asymmetric informa-

tion and strategic interaction inuence the e�ciency of investment behavior.

Traditional �nance theory rests on the assumption of frictionless markets with symmetric

information and has provided many insights: portfolio theory (Markowitz, 1952), the

Modigliani and Miller theorems (Modigliani and Miller, 1958), the capital asset pricing

model (Sharpe, 1964; Lintner, 1965), the e�cient market hypothesis (Fama, 1970), and

option pricing theory (Black and Scholes, 1973; Merton, 1973). But beginning with the

path-breaking works by Jensen and Meckling (1976), Leland and Pyle (1977), Ross (1977),

and Bhattacharya (1979) researchers in the �eld of corporate �nance began to realize

that both informational asymmetries and strategic interaction between economic agents

are essential in understanding corporate �nancial policies. Since then, the economics

of information and game theoretic techniques have provided numerous explanations of

empirical phenomena that previously had been di�cult to reconcile. Much progress has

been made in virtually every area of corporate �nance: capital structure (Myers, 1984;

Myers and Majluf, 1984), payout policy (Miller and Rock, 1985; John andWilliams, 1985),

initial public o�erings (Rock, 1986; Allen and Faulhaber, 1989), �nancial intermediation

(Stiglitz and Weiss, 1981; Diamond and Dybvig, 1983), and corporate control (Shleifer

and Vishny, 1986; Hirshleifer and Titman, 1990). The shift of attention to information

problems in theoretical corporate �nance has also motivated and received considerable

support from an enormous body of empirical work in these �elds (see Eckbo, 2008, for a

recent review of the empirical literature).
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Most of this theoretical work shares at least two common elements. First, informational

problems can be pervasive in economic relationships at all levels of the corporate structure.

For instance, managers may know more about the value of assets in place or more about

realized income than their creditors; shareholders may not observe whether managers

carefully select investments or provide the necessary e�orts to make the �rm pro�table;

�rms may not be able to distinguish between whether product market rivals are �nancially

strong or �nancially weak. The second element that connects these theories is the notion

of conicts of interests. Objectives of economic parties that interact strategically are typi-

cally not identical. Thus, incentives can diverge and may create strong distortionary forces

on the �nancial decisions �rms make. If economic agents also have di�erent information

about characteristics that can a�ect their payo�s, matters become even worse. Among

the most widely studied aspects are two particular kinds of conicts: those between man-

agers and equityholders and those between equityholders and bondholders. Managers,

for instance, have incentives to pursue their private interests (remuneration, perks, ex-

travagant investments, entrenchment, avoiding unpopular decisions) rather than those of

equityholders (shareholder wealth). Alternatively, equityholders of a levered �rm may

have, among others, an incentive to take excessive risk because they receive the surplus if

things go well, whereas bondholders bear the costs if things go poorly and default occurs.

Informational asymmetries and strategic interaction with conicting incentives also play

a material role in this thesis. The �rst two parts of my thesis study the impact of

informational asymmetries and strategic interaction on corporate investment behavior

within �rms. As I show, informational asymmetries between a �rm's top management and

divisional managers can strongly impact the ways in which capital gets allocated across

a �rm's divisions. The third part puts corporate investment in an industrial context

by adding strategic interactions of product-market competitors and risk management

activities. Here, informational asymmetries are externally generated by a policy-maker

who may or may not mandate disclosures of accounting items.

While the second part presents empirical results from a survey of �nancial executives, both

the �rst and last part of this thesis are of theoretical nature. Conceptually, they make

use of non-cooperative game theory under asymmetric information and apply equilibrium

concepts belonging to the family of (Perfect) Bayesian equilibria. At their core is the

insight that lack of transparency, in the sense of more informational asymmetries, can be

e�cient from a social perspective. So if social planners could enforce more transparency,

they would not do so. Finally, although many economic situations exist in which agents

with superior information aim to reveal their information, the equilibrium behavior in

the theories I present is more subtle. Economic agents seek to remain silent about their

information or even try to manipulate their counterparts' inferences through real actions.

These �ndings are further developed in the three chapters that follow.
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In chapter 2, I propose a positive theory of resource allocation in internal capital markets.

The presented theoretical work extends existing theories of corporate investment and

provides a novel explanation for why �rms cross-subsidize weaker divisions at the expense

of stronger ones (\corporate socialism"). I propose that in allocating scarce resources to

competing projects, private information of corporate headquarters causes �rms to engage

in socialistic capital allocations. The argument is as follows. When capital productivities

of divisions are persistent, capital allocations in the present may serve as a signal to

divisional managers about those in the future. To provide e�ort incentives to managers

with empire-building tendencies, headquarters allocates capital more evenly than capital

productivities suggest. The reasoning is subtle. Top management holds ownership rights

and can change the rules of capital allocation at any time. Hence, the only way to

motivate divisional managers, who compete for a �rm's limited capital budget, is by

credibly communicating that their e�ort will produce investment opportunities that may

turn out to be more pro�table than those of other divisions. This is unlikely to be the

case when current capital budgets are heavily tilted toward certain divisions, because

then investment policy signals that intrinsic productivities of divisions favor some of

them. The theory proves consistent with existing empirical evidence and makes a number

of testable cross-sectional and longitudinal predictions that are complementary to those

of existing models. In particular, I show that socialism is more likely to occur in periods

prior to large investments, when a �rm's divisions operate in unrelated businesses, and

when investment opportunities across divisions are diverse. The notion of headquarters

being better informed about divisional capital productivities than managers themselves

is natural but unique and novel to the literature.

In chapter 3, I present results from a survey of 69 chief �nancial o�cers to examine

the practice of resource allocation in internal capital markets of diversi�ed �rms. The

survey addresses four areas of academic theory: internal capital budgeting processes, the

�nancial motives for corporate diversi�cation, the e�ects of diversi�cation when raising

capital, and whether and why �rms engage in corporate socialism. With regard to the

latter, this chapter can be understood as an e�ort to supplement the �ndings of the

previous chapter. The survey results contribute in a number of ways. First, I present

existing capital budgeting practices and procedures in diversi�ed �rms. In doing so,

my results allow �rms to learn from other �rms' practices to improve �nancial decision-

making. Second and more importantly, I extend existing empirical evidence by comparing

numerous (and often competing) theoretical concepts on corporate investment with the

perspectives of �nancial executives. These �ndings are particularly interesting given that

empirical research in the area of internal capital allocation traditionally su�ers from data

constraints. I �nd that although many arguments make sense theoretically and are also

consistent with survey evidence, others do not seem to reect the actual rationales of
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�nancial executives. In particular, the explanatory power of many theories of corporate

socialism is unsatisfactory. The survey evidence, however, provides strong support for the

propositions I suggest in chapter 2 of my thesis.

In chapter 4, I propose a theory of strategic investment, risk management, hedge disclo-

sure, and product-market competition. I �nd that under current accounting standards,

�rms engage in risk-reducing risk management activities since product-market competi-

tion forces them to do so. The resulting equilibrium is desirable from a social standpoint

and encourages strategic investments by competing �rms. As I show, attempts for greater

transparency through mandated hedge disclosures may destroy these \natural incentives"

and create forces to engage in excessive risk-taking. The basic reasoning of the theory is

as follows. Risk management generally improves the informativeness of corporate earn-

ings as a signal of the value of investment opportunities in a market. For instance, if a

car manufacturer hedges currency uctuations, the extraneous noise in earnings relative

to the volatility associated with the �rm's investments will become low. Now suppose

an established �rm (\the incumbent") is threatened by a rival considering an investment

to enter the market. Then, additional hedge disclosures credibly communicate the es-

tablished �rm's risk management strategy and may { if the incumbent hedges { reveal

proprietary information about the quality of investment projects in the market. The fact

that the product-market rival may exploit this information to the disclosing �rm's dis-

advantage, namely, a more precise competitive move, can create incentives to engage in

excessive risk-taking in order to manipulate the rival's inferences. This equilibrium be-

havior of an established �rm may deter entry and result in adverse e�ects on the nature

of competition in industries. Note that the propositions I suggest here are not limited to

market entry that occurs at the start of new industries { they are more general. Mar-

ket entry encompasses all investment decisions about projects that di�er in some way

from �rms' current business paradigms. So entry is ubiquitous and naturally occurs at

many times during the lifecycle of an industry. Hence, my �ndings shed light on the

desirability of more transparent accounting standards and suggest that more disclosure

on risk management frequently changes both risk management and corporate investment

in undesirable ways.
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Chapter 2

A Theory of Socialistic Internal

Capital Markets

Well-functioning internal capital markets channel scarce �nancial resources into their most

productive uses. In multi-division �rms, headquarters has ownership rights and is there-

fore able to allocate capital across divisions (Gertner, Scharfstein, and Stein, 1994). This

allows headquarters to steer funds towards divisions with relatively favorable investment

opportunities (Stein, 1997). However, the value of such internal capital markets has

recently been questioned. Empirical research points to the distortion of capital alloca-

tion, such that headquarters favors divisions with poor growth prospects at the expense

of those with good growth opportunities (Scharfstein, 1998; Shin and Stulz, 1998; and

Rajan, Servaes, and Zingales, 2000).1

These �ndings have led to a number of theoretical characterizations of the workings of

internal capital markets, which are consistent with such \socialistic" allocations of �nan-

cial resources. Scharfstein and Stein (2000) argue that managers of divisions with poor

investment opportunities have stronger incentives to spend time lobbying to increase

their capital allocations. When there is a preference of top management to compensate

these managers with capital allocations rather than higher salaries, this behavior leads to

larger{than{e�cient allocations to weaker divisions. Rajan, Servaes, and Zingales (2000)

show that a very uneven resource allocation can lead divisional managers to steer their

investment policies away from e�cient cooperative investments and towards those that

bene�t only the managers' own divisions. To avoid such ine�ciencies, headquarters tilts

capital allocations towards divisions with fewer investment opportunities. In a setting in

1These empirical studies are not free of measurement and endogeneity problems. Maksimovic and
Phillips (2007) provide a comprehensive discussion of these issues in the literature on internal capital
markets. In addition, plant-level evidence in Maksimovic and Phillips (2002) shows that in case of
positive demand shocks, multi-industry �rms reallocate resources in favor of strong divisions.
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which divisional managers have private information about project quality and in addition

need to be incentivized to provide e�ort, Bernardo, Luo, and Wang (2006) show that

headquarters optimally biases project choice in favor of weaker divisions, thus permitting

less expensive incentive provision for managers in stronger divisions.

This chapter provides an alternative explanation of socialistic internal capital markets. I

present a model in which headquarters has private information about divisional capital

productivity. The argument is as follows. When capital productivity of divisions is

persistent, current capital allocations by headquarters are indicative of future allocations.

Divisional managers learn from current allocations about their own division's relative

capital productivity. When divisional managers prefer larger allocations to smaller ones

this is relevant information. The reason is that managers choose to engage in productivity

improvements based on the expected increase in capital allocation that is caused by such

e�orts. The initial capital allocation allows each manager to form a more accurate estimate

of the expected marginal e�ect of e�ort provision on her utility. A headquarters that acts

strategically has an incentive to allocate capital evenly in order to suggest equal capital

productivity across divisions. In this case, managers' expected relative increase in next-

period's capital allocation from exerting e�ort is maximized. When divisions di�er in

their productivity, the cost of such a policy is ine�cient capital allocation in the present,

but higher capital returns in the future due to stronger managerial e�orts to improve

productivity. In situations in which divisional managers' e�ort is su�ciently important,

the bene�ts of an even capital allocation across divisions outweigh the costs. This behavior

implies that divisions with better investment opportunities do not receive as much capital

as their capital productivity would imply.

A number of arguments can be made to underpin the notion that top management (acting

as headquarters) has information that divisional managers do not have. First, headquar-

ters is well-informed about all the divisions of the �rm, whereas divisional managers have

detailed knowledge only about their own divisions. Thus, it is reasonable to assume that

headquarters holds better information about the relative productivity of capital across

divisions than do divisional managers. Second, top management is likely to be better in-

formed on issues inuencing the pro�tability of several divisions, such as general economic

conditions, political developments, strategic intentions, potential merger opportunities, or

possible spillovers across divisions.2 Such informational advantages often result from top

managers' activities beyond the realm of the �rm, including board memberships, activities

2The literature on strategic management recognizes the informational advantages of CEOs and other
higher-ranking individuals. Mintzberg (1975), for example, sums it up as follows: \The manager may not
know everything but typically knows more than subordinates do. Studies have shown this relationship
to hold for all managers, from street gang leaders to U.S. presidents."
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in professional associations, or the use of personal contact networks.3 To derive the impli-

cations of headquarters' private information for capital allocation in the simplest way, I

develop a model in which headquarters has private information about capital productivity

in one of its two divisions, whereas capital productivity in the other division is commonly

known.

The argument advanced in this chapter is based on the notion that headquarters' ability

to reallocate capital across divisions may stie managerial initiative. This has also been

noted by Brusco and Panunzi (2005) and Gautier and Heider (2009), who assume that

e�ort leads to increased income in the period of its provision. In contrast, Inderst and

Laux (2005) model, like I do, managerial e�ort directed at generating future investment

opportunities. Inderst and Laux (2005) show that managerial incentives of �nancially

constrained �rms increase when divisions display similar capital productivities. Neither

of these papers studies the implications of a privately informed headquarters on capital

allocation.

While this chapter focuses on information asymmetries within the �rm, these are not the

only information asymmetries that a�ect capital allocation. De Motta (2003) and Goel,

Nanda and Narayanan (2004) include the impact of informational asymmetries between

corporate insiders and �nancial markets on the distribution of capital across divisions.

3In the sample of Mintzberg (1975), chief executives spent an average of 44 percent of their contact
time with individuals outside the organization. He writes that \...liaison contacts expose the manager to
external information to which subordinates often lack access. Many of these contacts are with managers
of equal status, who are themselves nerve centers in their own organization. In this way, the manager
develops a powerful database of information."
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2.1 The Model

I model an internal capital market with three agents: headquarters and two divisional

managers i, i = A;B. There are two periods, t = 1; 2. Agents are risk-neutral. Headquar-

ters distributes a �xed amount of funds It based on expected performance, i.e., capital

productivity qi;t, of divisions A and B. Available funds It > 0 are deterministic and are

derived from investments in previous periods. There is no access to external �nancing.

I allow for strictly positive expected investment returns with decreasing returns to scale

and assume that divisional periodical payo�s �i;t are given by

�i;t = qi;tIi;t �
1

2
kI2i;t; (2.1)

where Ii;t denotes the period t capital investment in division i and k > 0 parametrizes

returns to scale. Divisional capital productivity qi;t > 1 depends linearly on a baseline

productivity q > 1, which is commonly known, and a productivity parameter xi 2 f0; xg,
which is private to headquarters. I refer to the sum of these productivity parameters

as a division's intrinsic productivity. In addition, divisional managers can exert e�ort

during period 1, ei 2 f0; eg, e > 0, in order to increase capital productivity of their

divisions during the next period. In this formulation, e�ort can be interpreted as engaging

in restructuring production or distribution, repositioning part of the product portfolio,

mentoring employees, furthering long-term relationships with customers or suppliers, or

simply searching for investment opportunities to be implemented during the upcoming

period. Concretely, divisional capital productivities are given by

qi;1 = q + xi and qi;2 = q + xi + ei: (2.2)

I assume that divisions have su�ciently pro�table investment opportunities such that

available funds are fully invested during any period.4 For simplicity, I assume that payo�s

from investments in t = 1; 2 are additively separable and do not accrue before the end

of period 2. Hence, second-period payo�s are independent of headquarters' �rst-period

capital allocation. The interest rate is normalized to zero. Let �t 2 [0; 1] denote the period
t portion of available funds It invested in division A and �t(�t) denote headquarters'

periodical payo� when allocating �t. Thus, considering equation (2.1), for all t = 1; 2;

�t(�t) equals

�t(�t) = qA;t�tIt �
1

2
k(�tIt)

2 + qB;t(1� �t)It �
1

2
k((1� �t)It)2: (2.3)

4A richer setting in which the intertemporal transfer of funds from the �rst to the second period is
optimal would not qualitatively change the conclusions.
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In the model, divisional managers have empire-building preferences and strictly prefer

more capital to less. Concretely, I follow the literature (for example, Harris and Raviv,

1996; De Motta, 2003; and Brusco and Panunzi, 2005) in assuming private bene�ts �

proportional to assets under control. I consider the admittedly extreme case in which

empire-building motives are su�ciently strong that no feasible incentive payment can

alter managers' behavior (see also Hart and Moore, 1995; and Aghion and Tirole, 1997).5

E�ort creates a private cost to the manager c(ei) which is c > 0, if ei = e and 0, if ei = 0.

Consequently, in this two-period setting, managers seek to maximize utility, which is

described by the sum of private bene�ts derived from assets under control in both periods

less the cost of exerting e�ort in period 1:

Ui(ei) = � (Ii;1 + Ii;2)� c(ei). (2.4)

Headquarters has access to a private signal �, which reveals perfectly the quality of in-

vestment projects in division A in t = 1; 2.6 � can take two values: H (high-quality

investments) or L (low-quality investments). These signals imply xA = x and xA = 0,

respectively. For simplicity, the investment quality in division B is commonly known and

assumed to be low with xB = 0: Consequently, if headquarters observes signal H, intrinsic

productivities di�er and xA = x ^ xB = 0. If headquarters observes signal L, however,
intrinsic productivities of divisions are identical and xA = xB = 0. In the following, I

refer to these states as headquarters' type H and type L.7

The sequence of actions and events is shown in Figure 2.1.

1. Before any capital allocation occurs, headquarters receives signal � 2 fH;Lg that is
informative about the intrinsic capital productivity in divisions A and B in t = 1; 2:

2. Headquarters distributes available funds I1 based on observation of qi;1 = q + xi.

3. After observing capital allocation �1, divisional managers simultaneously choose

e�ort ei.

5Even if divisional cash ows are veri�able, providing e�ective contractual incentives for the search for
new investment opportunities is di�cult to achieve. Due to the typically considerable time lag between
search e�ort and investment cash ows, divisional cash ows in each period are inuenced by a multitude
of factors that are at best weakly related to the e�ort in question.

6While I recognize that divisional managers may possess information that headquarters does not have,
I abstract from it in order to isolate the e�ects of headquarters' private information.

7This approach provides a natural (and probably the simplest) way to incorporate headquarters'
private information into the model. A more general approach would be an information structure in which
headquarters is well-informed about the true prospects of all divisions, whereas divisional managers have
detailed knowledge only about their own divisions. The formulation is made for reasons of tractability
and captures the idea that both managers do not know their position relative to each other. As will
become clear, the main implications of the analysis would be una�ected with a more general structure.
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Figure 2.1: Sequence of actions and events

4. After learning qi;2 = q+ xi+ ei, headquarters allocates available funds I2. Distribu-

tion of funds now depends on managers' e�ort levels ei.

5. At the end of period 2, payo�s �i;t from investments made in the previous periods

are realized.

As it is apparent from the sequence of the game and given the assumption that periods are

additively separable, headquarters' two-period decision problem simpli�es into a pair of

problems, one for each period. So I can write headquarters' total payo� as �1(�1)+�2(�2).

2.2 Analysis

In the next sections, I examine optimal capital allocation of headquarters and equilibrium

behavior of divisional management. I decompose the analysis of two-period capital allo-

cation into three stages: a �rst stage, in which headquarters chooses �rst-period capital

allocation; a second stage, in which divisional managers choose their levels of e�ort; and

a third stage, in which headquarters makes its second-period capital allocation choice af-

ter productivity-enhancing activities of divisional management have been realized. Since

equilibrium behavior is sequentially rational, I solve the game backwards beginning with

headquarters' second-period capital allocation. I restrict attention to pure strategy equi-

libria.
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2.2.1 Capital Allocation in Period 2

By the beginning of period 2, headquarters learns about second-period productivity of its

divisions qi;2 with certainty. Hence, headquarters solves:

max
�2

qA;2�2I2 �
1

2
k(�2I2)

2 + qB;2(1� �2)I2 �
1

2
k[(1� �2)I2]2 +�1(�1) (2.5)

subject to

�2 2 [0; 1]:

Considering the strict concavity of (2.5), the optimal rule for capital allocation in period

2 is:

��2 =

8><>:
0 if qB;2 � qA;2 � kI2
1 if qA;2 � qB;2 � kI2
qA;2�qB;2+kI2

2kI2
otherwise,

(2.6)

which implies that headquarters shifts all funds to division i if qi;2 relative to qj;2 is su�-

ciently large, and headquarters splits funds evenly if qA;2 = qB;2. Given the assumptions

above, using equation (2.2) establishes the following lemma.

Lemma 2.1 In period 2, headquarters' allocation is a function of managerial e�ort ei,

the type-dependent value of xA, and the level of diminishing returns to scale k.

��2 =

8><>:
0 if eB � eA � xA � kI2
1 if eA � eB + xA � kI2
eA�eB+xA+kI2

2kI2
otherwise.

(2.7)

Exerting e�ort weakly increases a manager's own capital allocation and thereby weakly

decreases the other manager's allocation. In addition, second-period capital allocation,

for example to division A, ��2; weakly increases in xA and weakly decreases in k.

2.2.2 Managerial E�ort in Period 1

I turn to the previous stage of the game in which managers choose �rst-period e�ort

levels ei. Divisional management anticipates that headquarters reacts optimally given

pro�tabilities qi;2; and that it allocates capital according to (2.7). Since funds I2 are scarce,

managers compete for their share of the limited total capital budget. This competition

for funds represents a game of incomplete information: each manager chooses whether to

exert e�ort or not, while the (type-dependent) value of xA and the (unobservable) e�ort

choice of her counterpart are uncertain.
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To examine equilibrium strategies, I �rst solve for managers' e�ort choice as if headquar-

ters' type were common knowledge. This stage of the model then becomes a game of

complete information. In order for the e�ort pair (e�1; e
�
2) to be a Nash equilibrium of this

subgame, each manager's strategy must be a best response to the other's, while consid-

ering headquarters' optimal allocation for arbitrary levels of managerial e�ort. Given the

structure of the model, managers' strategies under incomplete information follow imme-

diately.

2.2.2.1 Common Knowledge: Headquarters is Type L

When headquarters is type L and xA = xB = 0, intrinsic capital productivities of divisions

are identical. Hence, utility functions of managers are symmetric. When the two managers

work equally intensely, the contest ends in a tie, headquarters splits funds equally in period

2, and both managers receive payo�s yielding 1
2
�I2: Otherwise, the manager who works

harder receives strictly more funds than the other. For the sake of exposition and without

loss of generality, let e � kI2: Then, if one divisional manager chooses a high level of

e�ort and the other does not, headquarters allocates total available funds to the former

and no funds to the latter. The normal-form of this subgame is given in Figure 2.2. By

convention, managers A and B represent the row and column players, respectively.

e 0

e 1
2
�I2 � c 1

2
�I2 � c �I2 � c 0

0 0 �I2 � c 1
2
�I2

1
2
�I2

Figure 2.2: Competition for funds when headquarters is type L

Thus, if the cost of managers' e�ort is su�ciently small relative to their empire-building

preferences and
1

2
�I2 � c � 0 , c � 1

2
�I2; (2.8)

e�i = e is the dominant strategy for each player and the e�ort pair (e; e) is a unique Nash

equilibrium of this subgame. Then, it turns out that managers have an incentive to work

hard and managers' interests align with those of headquarters' to maximize �rm pro�ts.

For the remainder of this chapter, I assume that condition (2.8) holds.

2.2.2.2 Common Knowledge: Headquarters is Type H

When headquarters is type H and xA = x ^ xB = 0, intrinsic capital productivities of

divisions di�er, such that division A has higher productivity. Hence, utility functions of
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managers are asymmetric. When managers exert equal e�ort, ��2 > 0:5 and headquarters

allocates strictly more to division A: I make the simplifying assumption that diversity in

productivities x dominates e�ort and x � e � kI2. Then, the more pro�table division A
receives all funds, regardless of whether its manager works hard or not. More precisely,

pro�tability of division A relative to that of B is su�ciently di�erent, that marginal return

on the last unit I2 invested in A is smaller than the marginal return on the �rst unit

invested in B. This straightforwardly captures the disincentive e�ect of headquarters'

authority to allocate scarce resources to the most pro�table projects, as suggested by

Brusco and Panunzi (2005) and Inderst and Laux (2005). It also reduces the number

of di�erent cases to be considered, without changing the important conclusions.8 The

winner of the game, manager A, is determined ex ante and both managers do not exert

e�ort in equilibrium, e�i = 0, as long as c > 0. This subgame is depicted in Figure 2.3.

e 0

e �I2 � c �c �I2 � c 0

0 �I2 �c �I2 0

Figure 2.3: Competition for funds when headquarters is type H

Let me now examine equilibrium levels of e�ort in the more interesting case, in which

information on productivity parameter xA is private to headquarters and information

regarding investment prospects is incomplete.

2.2.2.3 Incomplete Information: Headquarters' Type is Private

In the case of incomplete information, managers do not know the true productivities ex

ante (either their \opponent's" or their own), which implies that managers are unable

to distinguish one type of headquarters from the other. Let p(L) = � 2 (0; 1) and

p(H) = 1� � denote managements' common prior belief about headquarters' type.

Before choosing ei, managers observe headquarters' current capital allocation �1. When

capital productivity in divisions is persistent, this is relevant information and �1 is indica-

tive of future allocations. Hence, divisional managers may learn from current allocations

8The loss of managerial incentives associated with winner-picking is a consequence of lower marginal
bene�ts of increased e�ort when managers have identical capabilities but the \rules of the game" favor
one of them. Tournament-style models produce a similar result when contestants have unequal chances
of winning (see e.g., Lazear and Rosen, 1981; and O'Kee�e, Viscusi, and Zeckhauser, 1984; and Schotter
and Weigelt, 1992).
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about headquarters' private information and may update prior probabilities about head-

quarters' type. For example, a particular capital allocation may reveal to managers that

headquarters is type L; leading managers to exert e�ort. However, other allocations

may not disclose such additional information. I denote the resulting posterior beliefs as

p(Lj�1) = �(�1) and p(Hj�1) = 1� �(�1).

Since knowing about diverse intrinsic pro�tabilities (a type H headquarters) weakens

managerial incentives to engage in productivity-enhancing activities, the equilibrium e�ort

a manager is willing to exert depends on posterior beliefs. To make this point clear, for

example, consider manager B. When both managers exert e�ort, ei = e, manager B

has the chance to end up in a tie and receive 1
2
I2 with probability �(�1) (if headquarters

is type L), but she also faces the risk of losing and getting nothing with probability

1 � �(�1) (if headquarters is type H). Thus, managers are uncertain about both their
counterpart's and their own payo� functions. By applying this logic to all possible payo�s

of this subgame, managers' competition for funds can be represented as in Figure 2.4. For

brevity, I omit parameter �1 on the posterior �(�1).

e 0

e �I2 � 1
2
��I2 � c 1

2
��I2 � c �I2 � c 0

0 (1� �) �I2 ��I2 � c �I2 � 1
2
��I2

1
2
��I2

Figure 2.4: Competition for funds under incomplete information

It is straightforward to derive equilibrium levels of e�ort. The results are given in the

following lemma.

Lemma 2.2 Posterior beliefs reect any information conveyed by headquarters' capital

allocation in period 1. Equilibrium levels of e�ort (e�A; e
�
B) are sensitive to these beliefs

and weakly increase with the belief that headquarters is type L

(e�A; e
�
B) =

8><>: (e; e) if 2 c
�I2
� � � 1

(0; 0) if 0 � � < 2 c
�I2

The intuition is as follows: When managers with empire-building tendencies choose to

engage in productivity improvements, they do so based on the expected increase in capital

allocation that results from such e�orts. The incentive to choose a high level of e�ort is

strong, provided that posterior beliefs suggest that heterogeneous productivity across

divisions is not too likely. In addition, cost of e�ort c must be su�ciently low relative to
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empire-building bene�ts �I2; in this case, even a small posterior belief p(Lj�1) = �(�1)
induces managers to work hard.

2.2.3 Capital Allocation in Period 1

I now move to the �rst stage of the game in which headquarters decides on the optimal

capital allocation in period 1. I begin by studying optimal capital allocation in the case of

complete information. This characterization is then used to examine capital allocation in

situations in which information on productivities is private to headquarters and managers

are unable to distinguish headquarters' type.

2.2.3.1 The Benchmark Case: Complete Information

Since periods are additively separable I can derive the optimal capital allocation ��1 under

complete information simply by maximizing �1(�1) + �2(�2) with respect to �1. Anal-

ogous to (2.6), ��1 depends on marginal returns in divisions A and B. The di�erence

is that returns are exogenously given and therefore independent from other decisions.

Considering that �1 2 [0; 1], I obtain

��1 =

8><>:
1
2

if headquarters is type L

min
n
x+kI1
2kI1

; 1
o

if headquarters is type H:
(2.9)

Hence, if headquarters is type L, headquarters' e�cient allocation is to split funds evenly,

since marginal divisional returns are identical and strictly decreasing. If headquarters is

type H, ��1 2 (0:5; 1]: To simplify the presentation of the results, I set x � kI1: As a

consequence, headquarters invests all available funds in division A. Using the �ndings of

the previous section, I can establish the following result.
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Proposition 2.1 Under the assumptions previously imposed, there is a unique subgame

perfect equilibrium under complete information. Subgame perfect equilibrium behavior

(��1; (e
�
A; e

�
B); �

�
2) is given by

(��1; (e
�
A; e

�
B); �

�
2) =

8><>: (1
2
; (e; e); 1

2
) if headquarters is type L

(1; (0; 0); 1) if headquarters is type H

Using these results, second-period �rm pro�ts yield

��L;2 = �
�
L;2(�

�
2; e

�
A; e

�
B) = (q + e)I2 � 1

4
kI22 if headquarters is type L

��H;2 = �
�
H;2(�

�
2; e

�
A; e

�
B) = (q + x)I2 � 1

2
kI22 if headquarters is type H

and total expected payo�s result in

��L = �
�
L;1 +�

�
L;2 = q(I1 + I2) + eI2 �

1

4
k(I21 + I

2
2 )

��H = �
�
H;1 +�

�
H;2 = (q + x)(I1 + I2)�

1

2
k(I21 + I

2
2 ):

Consequently, when productivities of divisions are common knowledge among headquar-

ters and managers, the model implies: if divisions di�er in their investment opportunities

(type H), headquarters uses its allocative authority and consistently steers all funds to its

strongest division A. Managers foresee headquarters' optimal strategy, anticipating that

e�ort has no impact on ex ante predetermined capital allocation. Hence, there is no incen-

tive for either manager to be productive. In contrast, if divisions have similar investment

opportunities (type L), headquarters' right to allocate funds to the most productive use

creates the incentive for managers to work hard. Headquarters allocates capital evenly in

both periods.

2.2.3.2 Capital Allocation with Incomplete Information

2.2.3.2.1 Perfect Bayesian Equilibria and Re�nements

Under incomplete information, the model conceptually de�nes a signaling game. An

informed headquarters moves �rst with its �rst-period allocation, which may reveal addi-

tional information. Then, uninformed managers update their beliefs about headquarters'

type and react to these allocations, according to the policy described by Lemma 2.2.

Throughout this section I employ the notion of Perfect Bayesian Equilibrium.
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De�nition 2.1 In the model, a Perfect Bayesian Equilibrium (PBE) is a set of strategies

and a belief function �(�1) 2 [0; 1] satisfying each of the following conditions:

1. For each type �, headquarters' strategy is optimal given managers' strategies and

managers' posterior beliefs.

2. Both managers share a common posterior belief derived from the prior belief p(L) =

� and headquarters' allocation �1; following Bayes' rule where applicable.

3. For each choice of �1, managers' e�ort levels following �1 constitute a Nash equi-

librium of a simultaneous-move game in which the probability that managers face a

headquarters of type L is given by their posterior belief �(�1).

Condition (2) implies that when �1 is not part of headquarters' optimal strategy for any

type, any belief �(�1) is admissible, since in equilibrium observing �1 is a zero probability

event and beliefs cannot be derived from Bayes' rule. Thus, any e�ort pair (e1; e2) may be

chosen as long as it is a best response for some beliefs. In the model, beliefs are common

knowledge between all players. In addition, managers' beliefs are identical after any

message, not just an equilibrium allocation. Condition (3) says that, given headquarters'

allocation �1 and given their updated posterior beliefs �(�1) about �, managers react

optimally to headquarters' allocation �1.

I determine the set of separating and pooling equilibria in pure strategies. In a separating

equilibrium, both types of headquarters choose di�erent allocations, and managers can

learn headquarters' type. In contrast, in a pooling equilibrium, both types of headquarters

set the same allocation and managers can infer nothing from the allocation. As usual, a

multiplicity of equilibria arises since PBE does not impose any restrictions on managers'

beliefs following out-of-equilibrium allocations. To provide sharp predictions on likely

equilibrium outcomes, I restrict the set of out-of-equilibrium beliefs by jointly applying

two well-known re�nements: the notion of Undefeated Equilibrium introduced by Mailath,

Okuno-Fujiwara, and Postlewaite (1993) and the notion of D1 introduced by Cho and

Kreps (1987).9

In the model, Undefeated Equilibrium applies intuitively as follows. Consider a proposed

PBE10, some out-of-equilibrium allocation � not chosen in this equilibrium as well as an

alternative PBE in which some set T of headquarters' types plays � in equilibrium. If

9See also N�oldeke and Samuelson (1997) for the joint relevance of both re�nement concepts in an
evolutionary model of job-market signaling.

10In general, Undefeated Equilibrium is applied to the notion of Sequential Equilibrium (Kreps and
Wilson, 1982). Here, PBE and Sequential Equilibria coincide (see Fudenberg and Tirole, 1991).
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each member of T strictly prefers the alternative equilibrium to the proposed one, the

latter is said to be defeated.11

D1 is based on the idea of Divinity (Banks and Sobel, 1987). It tests whether an out-

of-equilibrium deviation � is more likely to come from some headquarters' type i than

from type j and, if so, managers should put zero probability on j, p(jj�) = 0. Applying
D1, an out-of-equilibrium deviation is said to be more likely to occur from type i if the

set of managers' best responses that motivate i to deviate is strictly larger than the

corresponding set of type j.

Re�nement D1 puts restrictions on out-of equilibrium beliefs focusing on one single equi-

librium, while Undefeated Equilibrium compares among equilibrium outcomes and there-

fore requires a characterization of the full set of PBE, considering all degrees of freedom

with respect to out-of-equilibrium beliefs. Consequently, I start with the analysis of Per-

fect Bayesian Equilibria.

2.2.3.2.2 Pooling Perfect Bayesian Equilibria

I begin with a characterization of the set of pooling equilibria. It is helpful to recall that

���;2 refers to type �'s second-period equilibrium pro�t under complete information. Let

��;1(�) denote type �'s �rst-period pro�t when it allocates �.

In a pooling equilibrium, both types of headquarters choose �p and managers learn nothing

from capital allocation.12 Bayesian updating implies that managers' beliefs after observing

�p equal the prior belief, p(Lj�p) = �. O�-equilibrium beliefs p(Lj�̂) are arbitrary as long
as beliefs and corresponding o�-equilibrium allocations �̂ 6= �p deter both types from

deviating from �p. I assume that a priori probabilities

p(L) = � � 2 c
�I2
; (2.10)

such that managers' best response after observing �p is to exert e�ort ei = e.
13 Thus, I

obtain type �'s pooling pro�ts �P� :

�PH = �H;1(�
p) + ��H;2 + eI2

�PL = �L;1(�
p) + ��L;2

11This de�nition of Undefeated Equilibrium is valid, since the model allows to avoid issues connected
with payo� ties of headquarters' types. For a general de�nition, the reader is referred to the original
work.

12I disregard index t since second-period allocations are made implicit in managers' contest for funds.

13For completeness, I examine the case in which condition (2.10) is violated in Section 2.4.
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The easiest way to support �p as an equilibrium allocation is to restrict o�-equilibrium

beliefs such that managers do nothing unless they observe �p. Then, o�-equilibrium

payo�s are lowest and deviating is least bene�cial for all types of headquarters. I set

p(Lj�̂) = �(�̂) = 0 for any �̂ 6= �p; since this belief function supports the largest set of
pooling equilibria. To determine the set of admissible �p, I maximize over all potential o�-

equilibrium allocations to solve for the highest out-of-equilibrium allocation given these

beliefs. Thus, for any pooling equilibrium choice �p, the following conditions must apply:

�H;1(�
p) + ��H;2 + eI2 � max

�
�H;1(�) + �

�
H;2

��H;1 � �H;1(�p) � eI2 (2.11)

�L;1(�
p) + ��L;2 � max

�
�L;1(�) + �

�
L;2 � eI2

��L;1 � �L;1(�p) � eI2 (2.12)

Both conditions characterize an interval of permissible �p 2 [�p; �p]; where �p/�p denotes
the lower/upper bound of the interval solving (2.11)/(2.12).14 I illustrate this formulation

in Figure 2.5, for the interesting case in which

��H;1 � �H;1(�p = 0:5) < eI2: (2.13)

When (2.13) does not hold, type H has no incentive to imitate L's full information

allocation ��1 = 0:5, since the cost of moving away from its full information optimum,

��H;1 � �H;1(�1 = 0:5); outweighs the gain from imitating type L, eI2. In this case, both

types of headquarters are better o� following their full information strategy.15 If condition

(2.13) is met, a pooling equilibrium always exists, since eI2 is su�ciently high relative to

headquarter's cost of ine�cient investment at the crossing point of both curves, which also

implies that condition (2.12) is non-binding.16 Hence, I obtain a continuum of pooling

equilibrium allocations �p on the interval [�p; 1], where �p < 0:5.

14The proof is quite straightforward, given the strict convexity of the left-hand side of inequalities
(2.11) and (2.12), type H's and type L's full information choices at ��1 = 1 and �

�
1 = 0:5 as well as the

resulting single-crossing point of ��L;1 ��L;1(�p) and ��H;1 ��H;1(�p) on the interval (0:5; 1):
15Although a pooling PBE may exist, it can easily be shown that it will not survive the application of

any of the standard re�nements.

16It can be easily shown that ��H;1 � �H;1(�p = 0:5) � ��L;1 � �L;1(�p = 0) , 1
2xI1 �

1
4kI

2
1 � 1

4kI
2
1

always holds given the assumption that x � kI1:
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Figure 2.5: Interval of Pooling Allocations �P

The conditions ��H;1 � �H;1(�p) � eI2 (2.11) and �
�
L;1 � �L;1(�p) � eI2 (2.12)

characterize the set of feasible pooling equilibrium allocations �p: The left-hand
side of these conditions, ���;1 � ��;1(�p), � 2 fL;Hg, depicts a type's cost from
ine�cient investment if it chooses the pooling equilibrium allocation �p compared
to its �rst-period pro�t ���;1 under full information. eI2 denotes the second-period
productivity gain induced by managerial e�ort provision.

The �ndings to this point can be summarized in the following lemma.

Lemma 2.3 Let p(L) = � � 2 c
�I2
. Any �rst-period pooling equilibrium allocation �p

must belong to an interval de�ned by (2.11) and (2.12). The associated pooling PBE can

be supported by p(Lj�̂) = �(�̂) = 0 for any o�-equilibrium allocation �̂ 6= �p. Other beliefs
that do not motivate some type of headquarters to deviate from �p are also permissible. If

��H;1��H;1(�p = 0:5) < eI2, a pooling PBE always exists, and both types of headquarters
split funds according to �p 2 [�p; 1], where �p < 0:5.

2.2.3.2.3 Separating Perfect Bayesian Equilibria

I have so far considered equilibria in which managers remain uninformed after observing

headquarters' �rst-period choice. Let me now characterize the set of separating equilibria.

��L denotes a separating equilibrium allocation, if headquarters is type L, and ��H , if

headquarters is type H. I show that in any separating equilibrium, a type H headquarters
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chooses ��H = 1, i.e., distributes all funds to its most pro�table division A, while a type

L headquarters selects an allocation ��L that belongs to an interval.

In a separating equilibrium, headquarters' private information is revealed by its �rst-

period allocation. Posterior beliefs yield �(��L) = 1 and �(�
�
H) = 0 and managers react

optimally as under complete information. For the equilibrium to be separating, I must

guarantee that ��L 6= ��H and assure that allocations are incentive compatible. This implies
that a type H headquarters does not want to pick type L's allocation and vice versa. In

addition, o�-equilibrium allocations (i.e., allocations that di�er from ��L and �
�
H) and

corresponding beliefs must deter both types from deviating from their equilibrium action.

In a separating equilibrium, each type prefers its own allocation as long as the following

incentive-compatibility constraints apply:

�H;1(�
�
H) + �

�
H;2 � �H;1(��L) + ��H;2 + eI2 (2.14)

�L;1(�
�
L) + �

�
L;2 � �L;1(��H) + ��L;2 � eI2 (2.15)

Under incomplete information, a type H headquarters, for instance, could deploy type

L's allocation ��L to induce e�ort and thereby raise divisional payo� in period 2 by eI2.

However, if (2.14) holds, H has no incentive to do so. Condition (2.15) follows from

similar reasoning.

In any separating equilibrium, type H selects its full information allocation ��H = 1 and

distributes all funds to division A. The intuition is that any other putative equilibrium

allocation ��H 6= 1 would motivate type H to deviate from the equilibrium strategy and

increase allocations to the more pro�table division A with no further negative e�ect

on managers' e�ort levels.17 Using this �nding, H's incentive compatibility constraint,

condition (2.14), simpli�es to:

��H;1 � �H;1(��L) � eI2: (2.16)

Condition (2.16) has a straightforward interpretation: for ��L to be incentive compatible,

such that H prefers its own allocation ��H = 1, H's �rst-period cost due to ine�cient

investment, ��H;1 � �H;1(��L), must be larger than its second-period gain, eI2; earned by
mimicking a type L headquarters.

17Any putative equilibrium allocation �H 6= 1 would yield a strictly smaller payo� than a putative
out-of-equilibrium strategy ��H = 1; even if most \favorable" o�-equilibrium beliefs, namely �(�

�
H = 1) <

2 c
�I2

(which would induce ei = 0), sustained this equilibrium, since: �H;1(�H) + �
�
H;2 < �H;1(�

�
H =

1) + ��H;2 = �
�
H;1 +�

�
H;2:
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I now analyze type L's incentive-compatibility constraint. A type L headquarters would

never want to imitate H since ��H = 1 makes managers believe that headquarters is type

H; inducing them to do nothing. This immediately lowers productivity in period 2 by

eI2: At the same time, �
�
H clearly makes L's �rst-period investment weakly less e�cient

than any other allocation. Hence, (2.15) holds for any ��L 2 [0; 1]: Consequently, the

sole rationale for headquarters to move away from its full information optimum and to

select separating allocation ��L is to prevent type H from deviating and to make pooling

su�ciently costly.18

However, in order to credibly signal its type, type L generally cannot select arbitrary

��L's satisfying (2.16) as for any out-of-equilibrium allocation, there must exist (at least)

some belief that would prevent type L from deviating from ��L. Hence, analogous to

the previous analysis of pooling equilibria, in order to determine the maximum set of

admissible ��L, I need to maximize over all o�-equilibrium allocations to solve for the

highest out-of-equilibrium allocation under beliefs that do not induce e�ort and impose

�L;1(�
�
L) + �

�
L;2 � max

�
�L;1(�) + �

�
L;2 � eI2

which yields

��L;1 � �L;1(��L) � eI2: (2.17)

This result has an interesting yet simple interpretation: for ��L to be an equilibrium

candidate, L's cost due to ine�cient investment in period 1 must be weakly smaller than

the productivity gain from defending second period gain from managerial e�ort. Also, if

condition (2.17) is violated, the cost of ine�cient investment relative to eI2 is \too high",

such that type L may be better o� not to signal its type. Consequently, in a separating

equilibrium, type L chooses an allocation ��L which belongs to the interval [�
�
L; �

�
L], where

��L and �
�
L denote the lower bounds of the interval solving (2.16) and (2.17), respectively.

For exposition, I resume the case of the previous section in which condition (2.13) holds,

and I depict the set of separating equilibrium allocations in Figure 2.6. ��L is on the

interval [0; ��L], where �
�
L < 0:5: The �ndings can be summarized as follows.

18Thereby, type L's ability to separate stems from the fact that type L �nds ine�cient investment
marginally less costly than does type H, while both types of headquarters prefer more managerial e�ort

to less:
�[�H;1(�)��L;1(�)]

�� > 0: Thus, for type L; the incentive to separate (i.e., to defend higher period 2
productivity) and the ability to separate (due to low signaling cost) are aligned.
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Lemma 2.4 In any separating equilibrium, a type H headquarters' optimal �rst-period

choice equals its choice under full information, ��H = 1: A type L headquarters chooses to

allocate ��L, which must belong to the interval de�ned by (2.16) and (2.17). The associated

separating PBE can be supported by p(Lj�̂) = �(�̂) = 0 for any o�-equilibrium allocation

�̂. Other beliefs that do not motivate some type of headquarters to deviate from ��H and

��L are also permissible. If a separating PBE exists and �
�
H;1 � �H;1(�p = 0:5) < eI2; a

type L headquarters splits funds according to ��L 2 [0; ��L], where ��L < 0:5.

Figure 2.6: Interval of Separating Allocations ��L

The conditions ��H;1 � �H;1(��L) � eI2 (2.16) and ��L;1 � �L;1(��L) � eI2 (2.17)
characterize a type L's set of feasible separating equilibrium allocations ��L: The
left-hand side of these conditions, ���;1���;1(��L), � 2 fL;Hg, depicts a type's cost
from ine�cient investment if it chooses allocation ��L compared to its �rst-period
pro�t ���;1 under full information. eI2 denotes the second-period productivity gain
induced by managerial e�ort provision.

2.2.3.2.4 Equilibrium Re�nement

In the previous sections, I have shown that there are two kinds of Perfect Bayesian Equi-

libria in pure strategies for the case in which condition (2.13) holds. Pooling equilibria

are given by �p 2 [�p; 1] and separating equilibria by ��H = 1 and ��L 2 [0; ��L]; where
�p = ��L = z < 0:5: I show that jointly applying the notions of Undefeated Equilibrium

and D1 eliminates all equilibria except the pooling equilibrium in which �p = 0:5:
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The rationale behind the equilibrium re�nement is straightforward. I require headquarters

and managers to reason \forward" in such a way, that any deviation from a conjectured

equilibrium would lead managers to form beliefs according to some hierarchy. By apply-

ing Undefeated Equilibrium, I require that managers initially interpret an o�-equilibrium

allocation as an attempt by some type of headquarters to consciously shift to another,

preferred equilibrium, thereby leading managers to adjust their o�-equilibrium beliefs

accordingly. If such an interpretation is not possible, managers ask which type of head-

quarters is more likely to gain from this deviation relative to the conjectured equilibrium,

applying the notion of D1. Once all o�-equilibrium beliefs have been restricted according

to this hierarchy, a conjectured equilibrium is reasonable only if neither of the informed

headquarters' types has an incentive to deviate.

Applying the re�nement requires several steps. Without loss of generality, I focus on the

case in which both pooling and separating PBE exist. It is helpful to recall that both

pooling allocations �p and type L's separating allocations ��L induce managerial e�ort

e. First, diminishing returns to scale and L's optimum at � = 0:5 make any separating

equilibrium allocation ��L < z strictly less pro�table from type L's perspective than the

least-cost separating equilibrium in which ��L = z: Hence, L has an incentive to shift

to its least-cost separating equilibrium, which defeats any other separating equilibrium.

Second, notice that if headquarters is of type L, marginal productivities of divisions A

and B are equal, which implies that any capital allocation � = �� is payo�-equivalent

to an allocation � = 1 � ��; �� 2 [0; 1]. Hence, pooling equilibria at �p > 1� z are not

reasonable: if headquarters turns out to be L; the separating equilibrium at ��L = z yields

a strictly higher payo� to this type. Third, consider any conjectured pooling equilibrium in

which �p < 0:5 and a deviation to � = 0:5: Managers infer that the pooling equilibrium

at �p = 0:5 is being played, since both types' payo� function strictly increases on the

interval [z; 0:5]. Since pooling at �p = 0:5 also renders either type strictly better o� than

the least-cost separating equilibrium, the latter is also defeated. Undefeated Equilibrium

therefore leaves an interval of pooling equilibria �p 2 [0:5; 1� z]:

Let me now show that pooling equilibria at �p 2 (0:5; 1� z] do not survive D1. Consider
any conjectured Undefeated Equilibrium on this interval and also a deviation to �� = 0:5:

Following D1, managers immediately eliminate H as the potential defector. By defecting,

type H strictly loses, regardless of managers' beliefs (and corresponding e�ort levels) as

the cost of ine�cient investment increases whereas managerial e�ort in equilibrium is

already at a maximum. In other words, the set of managers' best responses inducing

H to deviate is empty. On the other hand, type L clearly deviates to �� = 0:5 (its

full information optimum) if managers form a belief that causes them to exert e�ort.

Therefore, D1 requires that managers' beliefs following such defection should put all the
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weight on type L, which in turn forces type L to deviate from the conjectured pooling

equilibrium.

Finally, I show that there exists a unique Undefeated Equilibrium satisfying D1: the

pooling equilibrium at �p = 0:5. By following its equilibrium strategy, L is strictly better

o� than with any other allocation, regardless of managers' beliefs. Type H may obtain a

higher payo� by defecting to �� 2 (0:5; 1] only if �� causes managerial e�ort. Consequently,
since H has a greater incentive to allocate �� (whereas L has none), D1 requires that the

posterior belief conditioned on �� should be concentrated on type H. This argument in

fact restricts o�-equilibrium beliefs, but does not rule out the equilibrium. H prefers to

stick to the equilibrium, since any allocation �� induces managers to reduce e�ort and

condition (2.13) holds.

2.2.3.2.5 Equilibrium Implications and Results

The following proposition summarizes the results from the previous section.

Proposition 2.2 Let p(L) = � � 2 c
�I2
:

a) If ��H;1��H;1(�p = 0:5) < eI2, there is a unique (Undefeated Equilibrium and D1) pool-
ing equilibrium outcome, in which both types of headquarters split funds evenly according

to �p = 0:5. Equilibrium strategies are given by

(��1; (e
�
A; e

�
B); �

�
2) =

8><>: (1
2
; (e; e); 1

2
) if headquarters is type L

(1
2
; (e; e); 1) if headquarters is type H

First-period allocation �p is uninformative with respect to divisional productivity, hence

managers' beliefs equal their prior, p(Lj�p) = p(L) = � . Managers assign zero probability
to type L following an o�-equilibrium deviation on the interval �� 2 (0:5; 1] and form

arbitrary beliefs otherwise.

Equilibrium payo�s to headquarters equal

��L;1 +�
�
L;2 if headquarters is type L

�H;1(�
p = 0:5) + ��L;2 + eI2 if headquarters is type H

b) If ��H;1 � �H;1(�p = 0:5) > eI2, there is a unique (Undefeated Equilibrium and D1)

separating equilibrium outcome, which is the complete information outcome described in

Proposition 2.1.
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Proposition 2.2 establishes that the incentive of headquarters not to disclose information

on divisional productivity through capital allocation can be important enough to dom-

inate the equilibrium outcome. This incentive is su�ciently strong when heterogeneous

productivity across divisions is not too likely ex ante. Then, uninformed managers ex-

pect their e�ort to have an impact on second-period capital allocation and they therefore

engage in value-enhancing activities, regardless of their relative rank with respect to pro-

ductivities. In addition, the bene�t of increased second-period capital productivity must

be su�ciently large to a type H headquarters relative to �rst-period cost due to ine�cient

investment, in order for pooling to be pro�table.

Corollary 2.1 Under the assumptions of Proposition 2.2a, headquarters with private in-

formation on the productivity of their divisions allocate �rst-period funds I1 evenly ac-

cording to �p = 0:5; whereas capital allocation under full information is characterized by

��1 = 0:5 if headquarters is type L and by �
�
1 = 1 if headquarters is type H.

Corollary 2.1 follows from Propositions 2.1 and 2.2 and implies socialism in internal capital

markets. The model predicts that if investment opportunities across divisions are diverse

(headquarters is type H), the �rm takes capital away from its more pro�table division,

thereby allocating too little to its \higher q" division A and too much to its \lower q"

division B. The model predicts a pooling equilibrium when the bene�ts to pooling are

large for headquarters.

Corollary 2.2 The pooling equilibrium under incomplete information renders a type H

headquarters better o� than its full information equilibrium. For a type L headquarters,

equilibria under complete and incomplete information are payo�-equivalent.

Proof. Equilibrium outcome under complete and incomplete information for type H

yields �H;1(�
p = 0:5) +��H;2 + eI2 and �

�
H;1 + �

�
H;2, respectively; whereas payo� equals

��L;1+�
�
H;2 for type L. �H;1(�

p = 0:5) +��H;2+ eI2 > �
�
H;1+�

�
H;2 follows from condition

(2.13).

Thus, private information improves the equilibrium outcome for headquarters. From the

perspective of the two-period investment cycle, either type of headquarters is (weakly)

better o� following a policy of nondisclosure (via capital allocation), which implies that

the pooling equilibrium outcome dominates the full information outcome for both homo-

geneous and heterogeneous intrinsic productivities. Withholding information about true

capital productivities thus raises �rm value. The following result describes how these ben-

e�ts are related to the relative capital productivity of divisions A and B and the levels of

investment in the two periods.
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Corollary 2.3 Under the assumptions of Proposition 2.2a, ceteris paribus, an increase

in I2 and e and a decrease in I1 and x expand the set of remaining parameter values that

yield the pooling equilibrium outcome as described in Proposition 2.2a.

Proof. �� = ��H;1��H;1(�p = 0:5)� eI2 = 1
2
xI1� 1

4
kI21 � eI2 ) @ ��

@x
> 0, @

��
@I1
> 0, @

��
@e
< 0;

@ ��
@I2
< 0 since x � kI1 and x; I1; k > 0:

Corollary 2.2 implies that pooling occurs if I1 is low compared to I2 and x < xmax; where

xmax solves �
�
H;1 � �H;1(�p = 0:5) = eI2.

2.3 Discussion of Results and Empirical Implications

In this section I discuss the model's results. The theory of internal capital markets

I suggest makes a number of testable predictions and proves consistent with existing

empirical evidence.

a) Socialism in Internal Capital Markets

Corollary 2.1 implies the existence of socialism in internal capital markets. The model

predicts that multi-business �rms bias their investment levels in favor of divisions with

weaker investment prospects. This distortion of capital allocations has been documented

in empirical studies by Scharfstein (1998), Shin and Stulz (1998) and Rajan, Servaes,

and Zingales (2000). Compared to previous research, the model provides an alternative

explanation for socialistic internal capital market allocations. The key argument is that

headquarters uses funds to control managerial expectations about prospective assets under

control which a�ects e�ort levels and future capital productivities. To boost managerial

e�ort, privately informed headquarters distributes capital more evenly than it would, if

information were distributed symmetrically.

b) Relatedness of Businesses and Information Sharing

In Corollary 2.2, I raise the point that equal capital allocation in equilibrium is uninforma-

tive about the performance of divisions and either type of headquarters is (weakly) better

o� compared to full information. Consequently, the model also provides an argument for

limiting access to information about other divisions' business opportunities and, in this

respect, for strategic lack of transparency within multi-business �rms. It also may serve

as a rationale for why �rms may oppose regulation that increases transparency about

individual units such as detailed segment reporting.

This argument leads to the question of what circumstances make it more feasible to

withhold private information about capital productivities from divisional managers. This
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opportunity may be more pronounced when multi-business �rms operate strictly unrelated

businesses and managers do not operate in the same or similar industries, assuming that

managers report investment quality directly to headquarters. In this case, predictions

on other division's investment opportunities and hence relative performance assessment

may be more challenging to achieve, since managers may rely less on their own knowledge

about industry, technology, products, and regulations. This implication is consistent with

the empirical study by Khanna and Tice (2001), whose �ndings suggest that �rms with

operations in related industries do not appear to subsidize weaker divisions.

c) Levels of Investments

An immediate empirical implication emerges from Corollary 2.3. Pooling, and therefore

evenly distributed capital investment, should prevail during periods in which available in-

ternal funds are scarce compared to future periods. Then, the cost of ine�cient investment

is less signi�cant compared to the gain from inducing managerial e�ort in upcoming peri-

ods when funds are less constrained and sacri�cing short-run pro�ts is less costly relative

to long-term pro�ts. The argument has two major implications. First, we may interpret

socialistic investment behavior as one action to motivate the search for new opportuni-

ties during periods when funds are temporarily constrained (I1). Second, pooling may

enhance the incentives for managers to strongly exploit growth opportunities and prepare

for periods of large investments (I2), for instance prior to capacity expansions or market

entry. These longitudinal implications of investment distortions stem from the explicitly

dynamic nature of the model and complement the �ndings of the static approaches to

socialistic investment cited above.

d) Industry Shocks and Diversity of Investment Opportunities

Corollary 2.3 also implies that a pooling equilibrium is less likely if x is especially large and

divisions are strongly heterogeneous with respect to pro�table investment opportunities.

For instance, consider a type H multi-business �rm that allocates capital evenly. Suppose

also that one division is a�ected by an exogenous industry shock that alters relative in-

vestment prospects in favor of division A: Industry shocks may include innovations, dereg-

ulation, policy changes, or a signi�cant change in input cost. As a consequence, relative

di�erences in investment prospects x may increase such that ��H;1��H;1(�p = 0:5) > eI2.
In this case, the model predicts that headquarters is expected to move from a pooling

equilibrium to another equilibrium, namely the separating equilibrium with the �rm in-

vesting as under full information. In fact, separation in which case all funds I1 are used for

investments in a �rm's strongest division emerges (if divisions are heterogeneous) when

�rms reorganize their businesses in cash-generating/low growth and cash-consuming/high

growth businesses. For instance, General Electric views their portfolio as two distinct

groups: Cash Generators provide strong cash ow to the Growth Engines, businesses
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with many pro�table investment opportunities and strong growth (see General Electric's

Annual Report 2003). On the other hand, if capital productivities across Growth-Engine-

businesses are not too di�erent, capital allocation among those may well be governed by

the pooling equilibrium described above.

2.4 Extension

The analysis of the preceding sections focuses on the situation in which divisional man-

agers choose to exert e�ort in case they don't learn anything from �rst-period capital

allocation (p(L) = � � 2 c
�I2
). In this section, I briey discuss the situation in which

this condition is violated (p(L) = � < 2 c
�I2
) and hence managers do not exert e�ort if

�rst-period allocation is uninformative.

In this case, as long as ��H;1 � �H;1(�p = 0:5) < eI2, a pooling equilibrium does not

exist, since pooling is not an attractive proposition for either type of headquarters. In

addition, the complete information outcome characterized in Proposition 2.1 is not an

equilibrium outcome, since a type H headquarters has still an incentive to mimic a type

L headquarters' complete information allocation of �L = 0:5. I omit a detailed analysis

here, but it can be shown that under some additional parametric restrictions, there exists

a unique separating equilibrium outcome in which ��L 2 (0; 0:5) and ��H = 1. The reason is
that a type L headquarters has a strong incentive to signal its type to restore managerial

e�ort incentives. It does so by allocating more �rst-period capital to division B than to

division A, despite equal capital productivities. This renders it too costly for a type H

headquarters to mimic L's strategy.

This result implies that, on average, division B obtains a larger �rst-period capital allo-

cation than it would under complete information. Therefore, the internal capital market

displays \socialistic" behavior also under circumstances in which pooling does not lead

to e�ort provision. One di�erence to the pooling equilibrium outcome characterized in

Proposition 2.2 is that in the separating outcome described here, ex ante expected pro�ts

are lower than under complete information. This implies that ex ante headquarters has

an incentive to commit to creating transparency about investment opportunities across

divisions.
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2.5 Conclusion

This chapter provides a novel explanation for the existence of socialistic capital alloca-

tions in internal capital markets. I present a model based on the notion that headquar-

ters possesses private information about capital productivity of divisions. I �nd that this

\socialism" arises as a consequence of a headquarters' attempt to not disclose this infor-

mation, since capital allocations in the present may serve as a signal about those in the

future. When capital allocation provides e�ort incentives to divisional managers, this is

material information. Headquarters chooses an even capital allocation in order to create

competition for funds, which in turn triggers improvements in capital productivity in the

future. Although this investment policy appears to be ine�cient from a one-period angle,

the bene�ts of such a policy outweigh its costs over the full investment cycle. In addition

to the existence of managers' empire-building preferences, there are other factors that

are relevant for the occurrence of socialistic investment behavior. The model predicts

that socialism is more prevalent during periods when funds are temporarily constrained

and prior to periods of large investments. The extent of asymmetric information between

headquarters and managers is also important: socialism is more pronounced when multi-

business �rms operate unrelated businesses. In this case, it is more feasible to withhold

information about relative performance from divisional managers. Finally, the theory also

provides insight into why �rms may reorganize their businesses when investment prospects

across divisions become too diverse.

The key argument of my analysis is that superior information of a corporate headquarters

is useful in understanding how �rms allocate capital to its business units. I believe that

this notion might also contribute to the understanding of related areas of capital man-

agement, such as the design of budgeting procedures, delegation of authority, reporting

practices, and general resource allocation. The exploration of these topics may provide

interesting avenues for future research.
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Chapter 3

Internal Capital Markets: Evidence

from the Field

Economists have been building theories of the internal capital allocation in diversi�ed

�rms for many years (see Stein, 2003, for a comprehensive literature review). Due to data

limitations, empirical work in this �eld is at an early stage, however. So many of the most

interesting and most important research questions remain incompletely resolved.1

In the following work, I am able to overcome some of these limitations. I analyze a unique

dataset from surveys of European chief �nancial o�cers (CFOs) to examine the practice

of internal capital markets in diversi�ed �rms. I extend existing empirical evidence by

comparing CFOs' perspectives with academic theory and investigate whether corporate

actions are consistent with theoretical concepts.

Speci�cally, the survey addresses four areas of corporate �nance theory: (i) internal cap-

ital budgeting processes, (ii) the �nancial motives for corporate diversi�cation, (iii) the

�nancial e�ects of diversi�cation when raising capital, and { most importantly { (iv)

whether and why �rms engage in \corporate socialism" { the practice of weaker divisions

being cross-subsidized by stronger ones. With regard to the latter, this chapter can be

understood as an e�ort to supplement the �ndings of the previous chapter.

I organize the chapter as follows. Section 3.1 presents research methodology, survey

design, and summary statistics. Section 3.2 provides survey evidence and interprets the

main results. Section 3.3 concludes.

1Most data on internal resource allocation decisions that �rms make is not publicly available, hard to
acquire, and/or subject to reporting biases. Also, many empirical studies su�er from measurement and
endogeneity problems. See Maksimovic and Phillips (2007) for a comprehensive discussion of these issues
in the literature on internal capital markets.
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3.1 Methodology

3.1.1 Survey Design and Sample

The survey was conducted in the spring of 2010.2 In preparing the questionnaire, I

reviewed the existing literature and carefully extracted theoretical predictions and ar-

guments to develop a draft questionnaire. This draft was extensively pre-tested with a

group of chief �nancial o�cers through personal interviews lasting 60-90 minutes. I also

mailed the survey instrument to a group of prominent academics in �nance, marketing,

and management science for review and feedback.3

I identi�ed 992 diversi�ed �rms in 11 Western European countries (Austria, Belgium,

Denmark, Finland, France, Germany, Netherlands, Norway, Switzerland, Sweden, and

UK) and mailed the questionnaire along with a personalized and signed cover letter. The

de�nition of diversi�ed �rms I apply is common and follows previous studies (Lang and

Stulz, 1994; and Rajan, Servaes, and Zingales, 2000). These studies de�ne �rms as di-

versi�ed if a multi-segment �rm generates less than 90% of revenues in a single SIC code

industry at the 3-digit level. I exclude pure �nancial �rms from the sample (�rms with

no segment outside the �nancial services industries, i.e., the SIC code range starting with

6) because some parts of the questionnaire are applicable to industrial corporations but

di�cult to transfer to �nancial institutions. Also, I restrict the sample to �rms with

sales of e10M and more. Smaller �rms are not likely to meet the requirements for those

types of multi-segment �rms I have in mind for large parts of the questionnaire: �rms

that organize business activities in (distinct) operating segments overseen by a corpo-

rate headquarters. Firm and CFO contact information were obtained from several data

sources, primarily, Thomson Reuters Worldscope, but also Bloomberg, Compustat, and

Capital IQ. To increase the response rate, �nancial executives were o�ered an advanced

report of the results. Also, I employed a team of three graduate students for follow-up

calls and re-mailing of a second copy of the questionnaire if requested.

Sixty-nine CFOs returned useable questionnaires. The resulting response rate of 7.0

percent is slightly lower than those of comparable corporate �nance studies in the United

States such as Graham, Harvey, and Puri (2010) with 7.9 percent or the seminal paper

2Principles proposed by Dillman (1978), Bertrand and Mullainathan (2001), Bednar and Westphal
(2006), and Baruch and Holtom (2008) inspired large parts of the survey design.

3The comprehensive overview of theories that informed the survey instrument is provided in Appendix
A. I give brief summaries of each theory and link these to the corresponding questions. I also present the
�nal versions of cover letter and questionnaire.
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of Graham and Harvey (2001) with 8.9 percent.4 The response rate, however, compares

nicely with studies in Europe such as Brounen, de Jong, and Koedijk (2004) with 4.8

percent or global studies such as Campello, Graham, and Harvey (2010) with 6.8 percent.

3.1.2 Summary Statistics

Table 3.1 presents descriptive statistics of both the �rms in the sample and the CFOs

who returned a useable survey.

Firm characteristics and personal characteristics of CFOs
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Table 3.1: Summary statistics

The sample is balanced between small �rms (49%, �rms with e1 billion in sales or less)

and large �rms (51%, �rms with more than e1 billion in sales). All �rms in the sample

operate at least two divisions. These divisions are active in several industries, including

manufacturing (27%), construction (14%), retail and wholesale (10%), transportation

4These studies enjoy unique access to members of the U.S. association of �nancial executives (FEI)
and the subscribers of the CFO magazine.
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(7%), high-tech (7%), and energy (6%), among others.5 Of the 69 responses, I received

more than half (54%) from German-speaking countries (Germany, Austria, Switzerland).

I also asked for personal characteristics of the �nancial executives. Almost all are male

(99%), more than half of them (54%) are of age 50 or younger, and 71 percent have

an MBA or a doctoral degree. Consistent with previous studies (for instance, Graham

and Harvey, 2001), the sample indicates that �nancial executives change jobs frequently

{ nearly 60 percent have been in their job for a maximum of �ve years. In unreported

analysis, I �nd that relative to the Worldscope universe from which I obtained most of

the datasets, the �rms in the sample have somewhat higher sales and more footprint in

the construction industry. It is important to note that private �rms are underrepresented

in Worldscope which is not surprising given that their �nancial data is generally not

available. The sample is fairly representative of diversi�ed �rms in Worldscope.

3.2 Survey Evidence

The survey contains 80 questions in 5 sections. In this chapter, I restrict attention to

the most important �ndings related to the internal capital markets in diversi�ed �rms.

I follow previous surveys (Graham and Harvey, 2001) in performing univariate analyses

on the survey responses conditional on �rm characteristics. I report conditional results if

they are related to the previous chapter on internal capital markets.6

3.2.1 Motives for Maintaining Corporate Diversi�cation

I begin the survey by investigating the relative importance of di�erent motives for corpo-

rate diversi�cation. Aside from operational and market-power factors, I ask �rms about

the importance of �nancial motives related to the literature of internal capital markets.

For this purpose, I ask executives to indicate their level of agreement with each motive on

a scale of 1 to 5 { with 1 meaning \not important" and 5 meaning \highly important."

Figure 3.1 summarizes the results.

5In Table 3.1, I present the \major industries" in which the divisions of these �rms are engaged. A
\major industry" accounts for at least 10% of a �rm's sales. Numbers do not add to 69 due to �rms
being engaged in several industries.

6Concretely, I present univariate analyses conditional on the following characteristics: �rm size (small,
large), capital constraints (yes, no), and degree of diversi�cation (unrelated, related). The de�nition of
these controls follows below. I performed correlation analyses of the control variables with �, which mea-
sures the degree of association between two binary variables and Kendall's � which measures correlations
between rankable categorical variables. Among the control variables, �rm size is correlated with whether
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Figure 3.1: Survey evidence on the question (n=69): \How important are the fol-
lowing motives for operating more than one line of business for your company?"

Surprisingly, risk management is the dominant motive for corporate diversi�cation. A

majority of 84 percent of �rms indicates that the \reduction of volatility in earnings/cash

ows" is very or highly important. This �nding is consistent with a number of theories

in accounting and �nance. For instance, it is argued that less volatile earnings/cash ows

reduce the estimation risk for investors (Jorion, 1985; Xia, 2001), expected corporate

taxes (Smith and Stulz, 1985), or underinvestment (Froot, Scharfstein, and Stein, 1993).

Two related motives, \reducing the risk of �nancial distress" and \reducing investors'

risk" (Smith and Stulz, 1985; Stulz, 1996), are ranked second and third with 68 percent

and 49 percent of agreement.7

Financial executives perceive the bene�ts of operating an internal capital market as only

moderately important. I ask �rms about �nancing advantages and superior investment

decision-making in diversi�ed �rms { often referred to as the \more-money" and \smarter-

money" e�ects (Stein, 2003). Only 30 percent of CFOs indicate that \achieving bene�cial

conditions for raising capital" is an important motive for diversifying their �rm (Lewellen,

1971).8 Further, I ask about the ability to make e�cient capital allocations within diver-

�rms' are capital constrained (small �rms are more likely to be capital constrained). I report �ndings
with respect to this control variable only if they hold after controlling for size.

7Note that the motive of \reducing the volatility of earnings/cash ows" is not unrelated to the latter
two arguments. To make the �ndings clearer, I thought that presenting the most important risk-related
arguments separately rather than sticking to a single category would be more interesting.

8I will further elaborate this \debt co-insurance" argument below.
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si�ed �rms. This argument has a long tradition. According to Alchian (1969), Weston

(1970), Williamson (1975), and Stein (1997), diversi�ed �rms are able to allocate capital

more e�ciently than the external capital market. About half (49%) of the respondents

indicate that \making superior investment decisions under a common roof" is a very or

highly important motive for corporate diversi�cation. So my results indicate that although

�rms acknowledge the bene�ts of operating an internal capital market (as I will also show

below), survey evidence does not provide much support that establishing internal capital

markets is the primary economic rationale for diversi�cation.

The literature on strategic management and industrial organization suggests motives for

diversi�cation that corporate �nance theory does not cover traditionally (see Ramanujam

and Varadarajan, 1989; and Montgomery, 1994, for an overview). One stream of the

literature argues that �rms diversify in order to utilize economies of scope and scale.

From this resource-based view, diversi�cation helps to create \operational synergies" in

terms of cost and revenues because �rms cannot easily sell indivisible resources, such

as brand names and managerial capabilities, or excess capacity of physical assets in the

marketplace (Penrose, 1959; Teece, 1980 and 1982; Prahalad and Hamel, 1990). I ask

CFOs about the importance of these motives for diversi�cation. Forty-�ve percent of

CFOs indicate that \creating operational synergies" is a very or highly important motive

for operating multiple business lines.

The market-power view of diversi�cation emphasizes the notion of \deep pockets" for

predatory pricing and potential anti-competitive e�ects of diversi�cation (Bernheim and

Whinston, 1990; Caves, 1981). I �nd low to moderate evidence (42%) in support of these

arguments.

A third class of conceptual arguments concerns the motives of corporate diversi�cation:

agency theories. Among these theories are, for instance, \empire-building" and \free-

cash-ow" (Jensen, 1986), \managerial entrenchment" (Shleifer and Vishny, 1989), and

\employment concern" (Amihud and Lev, 1981) arguments. However, these motives are

not consistent with shareholder-wealth-maximizing behavior of managers. Hence, CFOs

would probably not be likely to truthfully represent their intents. So I decided to exclude

all agency-related arguments in order to present unbiased results.
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3.2.2 Financing E�ects of Corporate Diversi�cation

The fundamental di�erence between a multi-divisional diversi�ed �rm and a stand-alone

�rm is that a corporate headquarters generally raises capital on behalf of its divisions,

and capital is pooled at the �rm level.9 In the sample, 64 out of 69 �rms raise capital

at the headquarters' level. I ask CFOs about the e�ects of diversi�cation when raising

capital.10 Figure 3.2 displays the results.

68%

61%

48%

39%

23%

7%

Ability to avoid external financing 64%41%

Less need to hold (precautionary) cash 75%36%

Better conditions for raising equity 79%31%

Ability to borrow more / Higher debt capacity 80%19%

Lower cost of capital 89%21%

90%80%70%60%50%40%30%20%10% 100%0%

100%

Lower personal taxes for investors 28% 35%

Percentage of CFOs who identify an effect as very/highly important (4/5) or
moderately important (3)

(4,5)(3)

Figure 3.2: Survey evidence on the question (n=57): \How important are the fol-
lowing e�ects of diversi�cation for your company? { Please answer compared to the
situation where your divisions were stand-alone and had to raise funds by themselves."

Interestingly, despite the conventional textbook view that diversi�cation does not impact

the capital cost of the �rm (see Brealey and Myers, 2003; or Ross, Wester�eld, and Ja�e,

2006), more than two thirds (68%) of the CFOs indicate that the most important �nancial

e�ect of diversi�cation is \lower cost of capital."11 In this sense, CFOs' beliefs are in line

9In \business groups" with legally distinct �rms, group companies (also) have their own access to
�nancial markets (see Cestone and Fumagalli, 2005).

10Eighty percent of �rms (52 out of 64) in the sample act as the single and centralized provider of
�nance with divisions not raising funds by themselves. I exclude private �rms from the analysis because
the equity-related questions are not directly applicable to them.

11For instance, in their chapter on the opportunity cost of capital, Brealey and Myers (2003, p. 177)
write, \Diversi�cation is undoubtedly a good thing, but that does not mean that �rms should practice
it. If investors were not able to hold a large number of securities, then they might want �rms to diversify
for them. But investors can diversify. In many ways they can do so more easily than �rms...If investors
can diversify on their own account, they will not pay any extra for �rms that diversify."
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with recent theoretical arguments from Hann, Ogneva, and Ozbas (2009) who argue that

diversi�cation may reduce a �rm's systematic risk if co-insurance enables the �rm to avoid

systematic risk from �nancial distress.

Also, the implications of \debt co-insurance" arguments (Lewellen, 1971) { \the ability to

borrow more" { are of importance for a large proportion of the respondents (61%). Given

the mixed empirical evidence on the validity of the \more-money" argument in previous

studies, this result is particularly surprising. For instance, Berger and Ofek (1995) and

Comment and Jarrell (1995) �nd either no or low associations between diversi�cation and

leverage. However, recent evidence from the �nancial crisis (Kuppuswamy and Villalonga,

2010) suggests the \more-money" e�ect has been particularly value-enhancing during the

�nancial crisis. In fact, all CFOs in the pre-testing group particularly emphasized their

higher debt capacity from diversi�cation. One pointed out that the degree of diversi�cation

is a key rating factor of rating agencies for many industries.

Previous research also argues that diversi�cation can a�ect the conditions for raising

equity. Hadlock, Ryngaert, and Thomas (2001) posit that diversi�cation helps to alleviate

adverse selection problems of the Myers and Majluf (1984) type in the external equity

market. Their argument is that the errors the market makes in valuing divisions balance

out across divisions. Hence, equity announcements are viewed less negatively by the

market. Forty-eight percent of the CFOs believe diversi�cation provides better conditions

for raising equity.

Moderate evidence supports the idea that diversi�ed �rms have \less need to hold (pre-

cautionary) cash." Thirty-nine percent of the CFOs �nd this cash-holding argument very

or highly important. So my results are consistent with recent evidence from Duchin (2010)

who �nds that diversi�ed �rms carry less cash than their stand-alone peers because of

smoother investment opportunities. Somewhat surprisingly, CFOs rate the relative im-

portance of diversi�ed �rms' \ability to avoid external �nancing" unexpectedly low with

23 percent. For instance, Matsusaka and Nanda (2002) and Rajan (1994) provide the

corresponding theoretical concepts of internal capital markets rendering project funding

independent of both market conditions and costly external �nancing.

3.2.3 Internal Capital Budgeting Processes

I also devoted one part of the questionnaire to capital budgeting processes and investment.

Given the theoretical presumption of decentralized bottom-up project initiation in the

divisions but centralized capital allocation at the level of headquarters, I thought it would

be interesting to investigate �rms' internal capital budgeting processes. In 66 of 69 �rms

in the sample, decision-making authority regarding major investments resides centralized
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with headquarters. All of these 66 responding CFOs indicate a threshold amount above

which �rms centralize decision-making authority and that requires headquarters for formal

analysis. I also ask for the exact threshold amount �rms use. Given the con�dentiality of

this information, only 48 out of 69 �rms answered this question. Figure 3.3 reports the

results.

Quartiles
/ Mean Threshold Amount No. of Investment Proposals

Small firms (n=24) Large firms (n=24) Small firms (n=28) Large firms (n=31)

25% €35k or less €0.4M or less 4 or less 13 or less

50% €100k or less €1.0M or less 15 or less 20 or less

75% €200k or less €4.8M or less 29 or less 30 or less

100% €1M or less €50M or less 200 or less 75 or less

Mean €210k €5.3M 24.9 25.9

Quartiles
/ Mean Threshold Amount No. of Investment Proposals

Small firms (n=24) Large firms (n=24) Small firms (n=28) Large firms (n=31)

25% €35k or less €0.4M or less 4 or less 13 or less

50% €100k or less €1.0M or less 15 or less 20 or less

75% €200k or less €4.8M or less 29 or less 30 or less

100% €1M or less €50M or less 200 or less 75 or less

Mean €210k €5.3M 24.9 25.9

Figure 3.3: Threshold amount and number of investment proposals p.a.

Threshold amounts range between e0 and e50M and are driven primarily by �rm size.

The median threshold amount in the group of large �rms is e1M, whereas the median

threshold amount in the group of small �rms is e100k. The mean threshold amounts in

both groups are e210k and e5.3M, respectively. Figure 3.3 also displays the number of

investment proposals that operating divisions submit to headquarters for formal analysis

in an average year. Surprisingly, the di�erence in the average number of investment

proposals that reach headquarters in small and large �rms is unexpectedly low (24.9 vs.

25.9). The median number of proposals { 15 for small �rms and 20 for large �rms {

supports this result. I also ask �rms about the acceptance rate for projects that reach

headquarters for formal analysis. Consistent with previous studies, project acceptance

rates of �rms in the sample are 78 percent (Gitman and Forrester, 1977: 76%).

Finally, I ask �rms to indicate the approximate percentage of their annual capital expen-

ditures that does not require explicit approval from headquarters { for instance, because

investments are smaller than the threshold amount. On average, top management does

not review 41 percent of annual capital expenditures. Conditional analysis reveals this

number is signi�cantly higher in large �rms (49% vs. 33%).12 Finally, I ask �rms whether

they impose a limit on total investments of the �rm, in other words, whether management

12For the remainder of the chapter, \signi�cant" denotes a statistically signi�cant di�erence across
groups at the 1% or 5% level.
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engages in capital rationing. Fifty-seven percent of the responding �rms indicate \yes."

Not surprisingly, this number is signi�cantly higher for �rms with external capital con-

straints (75%) relative to �rms with no capital constraints (50%). The more surprising

number, however, is that half of the �rms with no capital constraints impose an upper

limit on investments. In other words, every second �rm engages in \soft rationing", i.e.,

top management tells its divisions that capital is limited although no external capital

constraints exist.

3.2.4 Capital Budgeting Methods

Another section of the survey focused on the criteria �rms apply when evaluating in-

vestment proposals. I �rst asked CFOs to indicate the relative importance of the most

popular capital budgeting criteria from corporate �nance textbooks: NPV, IRR, hurdle

rate, payback period, sensitivity analysis, and real-option valuation methods. Financial

executives were asked how important they consider several �nancial criteria for their cap-

ital allocation decision. The criteria that most CFOs �nd very or highly important are:

IRR (72%), NPV (64%), payback period (64%), and sensitivity analysis (64%). Quite

surprisingly, executives in practice rarely apply real-option valuation methods (taught in

almost any �nance class) { very few �rms, only three in the sample (4%), �nd them very

or highly important in evaluating investment projects.

72%

64%

64%

42%

4%

64%

90%80%70%60%50%40%30%20%10% 100%0%

100%

Real-option valuation methods 26%22%

Hurdle rate 67%25%

Sensitivity analysis 84%20%

Payback period 88%25%

Net present value (NPV) 83%19%

Internal rate of return (IRR) 88%16%

Percentage of CFOs who identify a budgeting criteria as very/highly important
(4/5) or moderately important (3)

(4,5)(3)

Figure 3.4: Survey evidence on the question (n=69): \How important are the fol-
lowing �nancial criteria for your capital allocation decision?"
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More interestingly, I also asked CFOs about factors for their capital allocation decision

that go beyond pure �nancial criteria (see Figure 3.5).13

83%

83%

80%

51%

43%

90%80%70%60%50%40%30%20%10% 100%0%

86%35%

Ability to execute projects (e.g.,
manpower, knowledge) 93%13%

96%13%

Strategic information of top management 96%13%

The assessment of divisional managers'
abilities to deliver the expected results

41% 84%Previous industry experience or affiliation of
decision-makers at headquarters

100%

Current market trends

Percentage of CFOs who identify a criteria as very/highly important (4/5) or
moderately important (3)

(4,5)
(3)

Figure 3.5: Survey evidence on the question (n=69): \How important are the follow-
ing factors that go beyond pure �nancial criteria for your capital allocation decision?"

A majority of CFOs indicates that \soft factors" are important. The top two soft factors

they mentioned are the \assessment of divisional managers' abilities to deliver expected

results" (83%) and \strategic information of headquarters" (83%). In unreported analysis,

I �nd that the proportion of CFOs identifying the assessment of managers' abilities as

very or highly important is signi�cantly higher in �rms with unrelated diversi�cation (93%

vs. 76%).14 This result is very interesting since informational asymmetries may increase

with the degree of unrelatedness of a �rm's divisions. So, in allocating capital e�ciently,

headquarters must rely more on the (subjective) evaluation of the managers' skills than

on the assessment of the project at hand. In this regard, survey responses are consistent

with the theoretical arguments that I suggest in chapter 2.15

The importance of headquarters' strategic information (though rarely reected in aca-

demic theory) is not surprising. As Brealey and Myers (2003) phrase it, \A �rm's capital

13These questions are similar in spirit but complementary in content to recent work by Graham, Harvey,
and Puri (2010).

14Firms with unrelated diversi�cation operate segments that belong to di�erent industries according
to the industry de�nition of the survey instrument.

15Note that the informational advantage of headquarters can be interpreted in terms of divisional
capital productivity or managerial ability.
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investment choices should reect both bottom-up and top-down processes...Plant and di-

vision managers, who do most of the work in bottom-up capital budgeting, may not see

the forest for the trees. Strategic planners may have a mistaken view of the forest because

they do not look at the trees one by one."

Also, non-�nancial constraints of the �rm may be important. 80 percent of the executives

indicate the importance of a �rm's \ability to execute projects" (Bromiley, 1986). So

even if capital is available, skilled labor and management time may signi�cantly inuence

the allocation of capital. Finally, more than half of the respondents (51%) �nd following

\current market trends" very or highly important. This evidence is moderately strong

and consistent with \herding" arguments (Scharfstein and Stein, 1990; Banerjee, 1992;

and Bikhchandani, Hirshleifer, and Welch, 1992). Still, 43 percent of the CFOs feel that

\previous industry experience or a�liation of decision-makers at headquarters" plays an

important role for their capital allocation. This behavior might be either an indication of

empire-building/entrenchment arguments at headquarters (Shleifer and Vishny, 1989) or

simply of lower asymmetric information on the part of headquarters.

3.2.5 Corporate Socialism

I devote the �nal part of this chapter to corporate socialism (see chapter 2). I ask CFOs

on a scale of 1 to 5 how frequently they allocate �nancial resources more evenly than

pure �nancial criteria suggest (1=never, 2=rarely, 3=sometimes, 4=often, 5=always).

This question is particularly interesting given the enduring debate about whether and

why multi-divisional �rms seem to favor divisions with poor growth opportunities at the

expense of those with good growth opportunities (Scharfstein, 1998; Shin and Stulz, 1998;

Rajan, Servaes, and Zingales, 2000; Ozbas and Scharfstein, 2010).

Only 23 percent of the respondents never engage in corporate socialism. This number

is interesting and sharply contrasts with recent �ndings from Graham, Harvey, and Puri

(2010) who �nd that 6 to 18 percent of CFOs engage in corporate socialism.16 According to

my study, a signi�cantly larger proportion of diversi�ed �rms acknowledges and practices

corporate socialism: 42 percent of CFOs sometimes, often, or always cross-subsidize with

a balanced capital allocation across divisions.

16Their question design is somewhat di�erent. Graham, Harvey, and Puri (2010) ask, \Which of
the following factors are important in your allocation of capital across divisions?" The survey response
\Moving towards an even balance of capital allocation across divisions" is meant to capture the notion
of corporate socialism. In their study, 7% (6%) of U.S. CEOs (CFOs) and 14% (18%) of non-U.S. CEOs
(CFOs) say a balanced allocation is important. Their study does not display responses by country,
however. So numbers are not directly comparable. Also, they are not able to distinguish between
diversi�ed and focused �rms.
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I also examine responses conditional on �rm characteristics. Interestingly, the preva-

lence of corporate socialism increases with the degree of unrelatedness of divisions. I

�nd that socialism is signi�cantly more common in �rms with unrelated diversi�cation

(52% vs. 37%). This �nding is consistent with the propositions of the previous chap-

ter. Recall that these propositions suggest that cross-subsidization is more pronounced in

�rms with unrelated businesses because their capital allocation is more likely to convey

headquarters' private information about divisional capital productivity to uninformed di-

visional managers. Furthermore, �rms with limited capital budgets (either market- or

management-imposed) are more likely to engage in socialism (45% vs. 38%). However,

the di�erences are not statistically signi�cant.

The corporate �nance literature suggests a few motivations for why �rms might engage in

corporate socialism. I therefore ask �nancial executives about their motives for an even

capital allocation. Figure 3.6 summarizes the results.

34%

21%

15%

15%

13%

9%

8%

90%80%70%60%50%40%30%20%10% 100%0%

100%

A more even capital allocation strengthens our
monetary performance incentive scheme. 42%34%

A more even capital allocation helps to retain
divisional managers. 34%25%

A more even capital allocation stimulates
the motivation to generate new investment ideas. 45%32%

A more even capital allocation avoids opportunistic
investment behavior within divisions. 40%25%

Too uneven capital allocation diminishes divisional
managers' motivation. 38%23%

A more even capital allocation frequently
strengthens divisions in mature industries. 55%34%

Capital allocation conveys information about the
(future) role of the division as part of the firm. 62%28%

Percentage of CFOs who identify a motive as very/highly important (4/5) or
moderately important (3)

(4,5)(3)

Figure 3.6: Survey evidence on the question (n=53): \Please think about situations
where you have decided to allocate capital more evenly than pure �nancial criteria
suggested. How important were the following factors for your allocation?"

In chapter 2, I posit that the informational e�ects of capital allocation cause �rms to

allocate capital more evenly than pure �nancial criteria suggest. Consistent with this ar-

gument, 34 percent of �rms indicate they engage in cross-subsidization because \capital

allocation conveys information about the (future) role of the division as part of the �rm."

Although the absolute importance is moderate at best, the argument ranks �rst in terms

of importance. The idea that \a more even capital allocation strengthens divisions in ma-

ture industries" ranks second with 21 percent. The theoretical arguments are two-fold:
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on one hand, cash ows from mature businesses are more informative about manage-

rial talent than those of young and emerging businesses (Goel, Nanda, and Naranyan,

2004). On the other hand, mature and established divisions happen to wield the most

inuence in their organizations (Hellwig, 2000 and 2001). Few CFOs �nd arguments

related to managerial e�ort incentives very or highly important. The notion of uneven

capital allocation to \diminish divisional managers' motivation" (Brusco and Panunzi,

2005) and the notion of even capital allocation to stimulate managers \to generate new

investment ideas" (Inderst and Laux, 2005) are of importance only for a relatively small

proportion of 15 percent and 13 percent, respectively. Little evidence supports a theory

by Rajan, Servaes, and Zingales (2000). They argue that cross-subsidization helps to

\avoid opportunistic investment behavior within divisions" and cultivates more cooper-

ative, joint-surplus-maximizing investment behavior. Only 15 percent of CFOs �nd this

motive very or highly important. Finally, CFOs perceive arguments by Scharfstein and

Stein (2000) and Bernardo, Luo, and Wang (2006) as relatively unimportant. I �nd little

evidence (9%) that �rms use a more even capital allocation to \retain divisional man-

agers" (Scharfstein and Stein, 2000). Also, Bernardo, Luo, and Wang's (2006) notion

that \a more even capital allocation strengthens a �rm's monetary performance incentive

scheme" (8%) does not appear to cause corporate socialism.

3.3 Conclusion

In this chapter, I present results from surveys of European chief �nancial o�cers on the

allocation of capital in diversi�ed �rms. The work contributes in a number of ways:

First, I present existing capital budgeting practices and procedures in diversi�ed �rms.

In doing so, my results may allow �rms to learn from other �rms' practices and allow them

to improve �nancial decision-making. Second, I investigate the consistency of theory and

practice of \internal capital markets." I �nd that although some arguments make sense

theoretically and are also consistent with the survey evidence, others do not seem to

reect the actual rationales of �nancial executives. In particular, the explanatory power

of many theories of corporate socialism is unsatisfactory. Third, I am able to rate the

relative importance of competing theories on investment inside �rms. These �ndings are

particularly interesting given that empirical research in this area traditionally su�ers from

data constraints. Finally, I hope these �ndings may help to con�rm, abandon, and revisit

widely held opinions on the workings of internal capital markets and will help to inform

future research in this �eld.
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Chapter 4

A Theory of Strategic Investment,

Risk Management, Disclosure,

and Product-Market Competition

Research in accounting, �nance, and economics has devoted considerable attention to

understanding the economic consequences of �nancial reporting and disclosure regulation

(see Leuz and Wysocki, 2008, for a comprehensive survey). In light of corporate scandals

and the �nancial crisis, a better understanding of these e�ects is a matter of urgency.

This chapter aims to develop a clearer understanding of four important but somewhat un-

derexplored areas of disclosure research: strategic investment, hedge disclosure, corporate

risk management, and product-market competition. I �nd that under current accounting

standards, �rms engage in risk management activities since product-market competition

forces them to do so. The resulting equilibrium is desirable from a social standpoint and

encourages strategic investments by competing �rms that seek to enter the market. As I

show, attempts for more transparency by additional hedge disclosure may destroy these

\natural incentives" and create forces to engage in excessive risk-taking. This equilib-

rium behavior may deter market entry and adversely e�ect the nature of competition

in industries. The �ndings hence shed light on the desirability of more transparent ac-

counting standards and suggest that more disclosure on risk management may change

risk management in undesirable ways.1

The model I present is a signal-jamming model related in spirit to those studied by Holm-

str�om (1982, 1999), Fudenberg and Tirole (1986), and Scharfstein and Stein (1990). I

focus on a simple market structure with an incumbent and an entrant. The entrant is

1I will use the terms \hedging" and \risk management" interchangeably throughout this chapter.
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uncertain of his future pro�tability in the market and uses current pro�ts of the incum-

bent to decide whether to enter the market. The established �rm can engage in risk

management that { given the disclosure regime in e�ect { may or may not be observable

by the entrant. I thereby follow DeMarzo and Du�e (1995) in assuming that risk man-

agement improves the informativeness of corporate earnings. Surprisingly, under current

disclosure regimes and quite general conditions, the incumbent does not want to \jam"

the signal by engaging in excessive risk-taking to discourage entry. Since entrants may

interpret high pro�ts as favorable market conditions, �rms are \trapped" into risk man-

agement activities. They seek to minimize the variance of realized pro�ts to minimize

the probability of entry. Competition hence creates strong forces to reduce risk, even

though �rms are risk-neutral. The resulting equilibrium is socially desirable: the market

is well informed about the pro�tability in the market, and entry is \relatively e�cient."

This �nding contrasts with equilibrium results under additional hedge disclosures, which

may be enforced by a policy-maker in an attempt for greater transparency. Then, the

incumbent may be discouraged from engaging in risk management at all because being

forced to credibly communicate its exposure would reveal proprietary information that

an entrant may exploit.

Much anecdotal evidence con�rms the concern that accounting items on derivatives may

reveal proprietary information to competitors. Although these competitive costs of dis-

closure have received relatively little attention from researchers, the notion is well known

among �rms and �nancial analysts alike. The following quotation from a publication of

the CFA Institute illustrates some dimensions of the concerns: \The analyst needs to

know what price exposure exists, how much of this exposure is covered, and how hedges

are managed. Company managers may be hesitant to be fully transparent about some

portion of this information for fear that it could be used by the company's competi-

tors (Kawaller, 2004)." This fear may also serve as the rationale for why �rms oppose

regulation that increases transparency of their risk management activities. As General

Motors phrases it: \If GM disclosed the volume of its commodity derivatives contracts

and their anticipated cash ows, a competitor could calculate the purchase price of GM's

components" (Miller and Culp, 1996).

I develop these arguments further in the following four sections. In sections 4.1 and 4.2,

I elaborate on current literature and institutional background. In section 4.3, I present

structure and assumptions of the model. In section 4.4, I analyze equilibrium strategies

under current standards and beyond. Furthermore, I elaborate on the implications of

my results for disclosure regulation, corporate risk management, and anti-trust policy.

Finally, section 4.5 contains concluding remarks.
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4.1 Related Literature

The work I present is related to previous �nance and accounting literature on hedge dis-

closure. DeMarzo and Du�e (1995) analyze a model of risk management where corporate

pro�ts serve as a signal of a manager's ability. They demonstrate that with nondisclosure

of hedging activity, full hedging is an equilibrium policy for managers. If hedge decisions

are disclosed, however, managers have an incentive to forego risk management oppor-

tunities to render inference about their ability di�cult for outside investors. Kanodia,

Mukherji, Sapra, and Venugopalan (2000) investigate the desirability of hedge disclosures

and their informational e�ect on futures prices. They show that disclosure of hedge activ-

ities improves price e�ciency in the futures market and improves industry output. Sapra

(2002) studies hedge disclosures with a focus on the trade-o�s between production and

risk management distortions. He �nds that mandatory hedge disclosure drives a �rm to

take extreme positions in the futures market. I follow these papers in evaluating risk man-

agement decisions under a mandatory hedge disclosure regime relative to the benchmark

situation in which �rms cannot disclose their risk management activities.2 None of these

papers considers product-market competition.

However, Liu and Parlour (2009), Adam, Dasgupta, and Titman (2007), and Mello and

Ruckes (2005) have studied the relationship between risk management and competition.

Liu and Parlour (2009) consider the interaction between hedging and bidding in a winner-

takes-all auction context in which hedging renders winning more valuable and losing more

costly. They �nd that the ability to hedge with �nancial instruments (that are not con-

tingent on who wins the auction) makes �rms bid more aggressively because of running

the risk of overhedging if they lose. Adam, Dasgupta, and Titman (2007) investigate

�rms' risk management decisions in the context of an industry equilibrium in which en-

dogenous output prices are a function of aggregate investment and hedging decisions.

They illustrate that an individual �rm's incentive to hedge increases as more �rms in the

industry choose not to hedge and vice versa. They also relate industry characteristics to

the proportion of �rms that hedge. Mello and Ruckes (2005) study optimal hedging and

production strategies of �nancially constrained �rms in imperfectly competitive markets.

They �nd that oligopolistic �rms hedge the least when they face intense competition and

�rms' �nancial conditions are similar. I follow this literature in assuming that �rms'

risk management activities are not observable under current accounting standards. None

2These papers { as I do { implicitly assume that hedge disclosure is su�ciently costly. In fact, current
hedge accounting standards already impose substantial direct costs of disclosure on �rms, mainly because
they are complicated to implement. Some indication of these costs is provided in the CFO Magazine.
In 2006, more than 40 people worked full time to ensure the adequacy of hedge accounting at General
Electric (Corman, 2006) { not counting the opportunity costs of those business managers involved in the
preparation process.
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of these papers studies the informational e�ects of hedge disclosures. Also, they focus

on situations in which �rms face post-entry competition (or situations in which entry is

relatively costless). The theory I present explicitly investigates pre-entry competition.

4.2 Institutional Background

The results of this theory are sensitive to the notion that �rms' risk management ac-

tivities { and therefore their post-risk-management (=net) exposure { is non-observable

under current accounting standards. Given the signi�cant attempts for more expanded

disclosure on �nancial instruments in the late 90s, it might not seem obvious whether or

not current accounting standards provide this information. Practitioners are aware that

�nancial statements generally do not. Examining the institutional environment in more

detail might therefore be worthwhile. I argue that current accounting regimes help to dis-

cipline less sophisticated users of �nancial derivatives, but they at best give an indication

of the e�ectiveness of a �rm's risk management activities.3

In June 1998, the Financial Accounting Standards Board (FASB) issued SFAS No. 133

(1998), entitled Accounting for Derivative Instruments and Hedging Activities, a detailed

and complex set of (200 pages of) accounting and disclosure requirements. According to

these accounting rules { meanwhile amended mainly by SFAS No. 138 (2000), SFAS No.

149 (2003), SFAS No. 155 (2006) { accounting treatment generally requires derivatives

to be \marked-to-market" on the balance sheet as either gross assets or liabilities with

changes in fair value recorded in a �rm's net income as they occur. Under prior accounting

standards, derivatives were either netted against the hedged item or not recognized in the

balance sheet at all. The standard, however, permits special accounting treatment {

\hedge accounting" { if �rms meet a set of requirements regarding hedge e�ectiveness

and documentation. Roughly speaking, if a transaction quali�es for this treatment, gains

and losses of �nancial instrument and hedged item are recognized in net income in the

same period: \Fair value hedge accounting" expands fair value accounting to the hedged

item. \Cash ow hedge accounting" allows �rms to recognize changes in the fair value

of derivatives in \other comprehensive income (owner's equity)" on the balance sheet

until the hedged transaction a�ects earnings. \Hedge accounting for net investments in

a foreign operation" does not allow to account for gains or losses in net income; rather,

�rms must recognize changes directly in \other comprehensive income."

3This section owes much to Ryan (2007) and several publications of the CFA Institute, most notably
Gastineau, Smith, and Todd (2001).
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There is a second accounting standard that addresses �nancial instruments. In January

1997, the Securities and Exchange Commission (SEC) issued a new standard for the dis-

closure of market risk inherent in �nancial instruments: Disclosure of accounting policies

for derivative �nancial instruments and derivative commodity instruments and disclosure

of quantitative and qualitative information about market risk inherent in derivative �-

nancial instruments, other �nancial instruments and derivative commodity instruments

(FRR No. 48). FRR No. 48 sought to address the SEC's concern that risk of �nancial

instruments was neither understood well enough by �rms' top management nor presented

in �nancial reports transparently and completely. The new rule requires public compa-

nies to report forward-looking numerical measures of their market risk exposures (i.e.,

to changes in interest rates, exchange rates, commodity prices, equity prices) related to

�nancial instruments and derivatives. Firms may choose from three alternative methods

to disclose these risk categories: the tabular approach, the value-at-risk approach, and

the sensitivity approach.

In this thesis, I posit that (despite SFAS No. 133 and FRR No. 48) risk management

activities of �rms are neither (fully) observable nor do they manifest themselves in a

publicly observable way such that outsiders might be able to infer them (fully) from

public reports. A number of reasons motivate this postulate { some of them result from

current accounting standards and some from the nature of risk management per se: First,

under SFAS No. 133, gains and losses of �nancial instruments, although accounted for

in earnings, are in large parts invisible. Firms generally are not required to disclose the

location of their derivative gains or losses on the income statement; indeed, they can and

do classify them in any of several line items { in cost of goods sold, SG&A expenses,

or directly in earnings. Unless a �rm chooses to disclose this information, disentangling

the e�ects of �nancial instruments is impossible.4 More importantly, even if a �rm does

so, each accounting alternative (\marked-to-market," \cash ow hedge accounting," and

so forth) produces substantially di�erent interim statements. Their informativeness as

well as market participants' ability to use these in order to understand risk management

activity is unclear.5 In fact, the FASB is currently evaluating whether current accounting

4Another major concern is the mixing of realized and realizable results that cannot be distinguished
properly. As a FASB member in the Energy Trading Working Group phrases it in a comment letter, \It
is very di�cult even for sophisticated investors to extract this information by carefully comparing and
contrasting the statement of operations, the balance sheet and the statement of cash ows. In fact, for
many individual investors, and for most practical purposes, it is impossible" (Goodman, 2005).

5The information content of hedge disclosures and the ability of market participants to understand
these has received little attention in �nance and accounting research. Notable exceptions are Gigler,
Kanodia, and Venugopalan (2007), who study the information content of \cash ow hedge accounting"
in terms of providing an early warning of �nancial distress. As they put it, \In its application, mark-
to-market accounting sometimes results in a mixed-attribute-model, whereby some items are marked-to-
market while others are carried at historical cost. While...academics have...noted this less than perfect
application, they tend...to abstract away from the issue." In a more recent study, Campbell (2009)
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standards add more confusion rather than more transparency (FASB, 2008 and FASB,

2010).6

Second, the usefulness of the disclosures made under FRR No. 48 is limited, mostly due

to the wide discretion over how �rms may report and measure risk as well as due to the

resulting inconsistency of methods and reporting periods. Similar to the case of SFAS No.

133, each reporting alternative has its own information content in terms of level of aggre-

gation, time horizons over which risk is measured, and indication of nonlinear exposures

and covariances. This issue is even ampli�ed as �rms may not need to consistently choose

the same method across di�erent types of risk. Firms may also de�ne the dimension of

\risk" in terms of value, earnings, or cash ows. Despite the obvious interconnections,

these alternative measures are not identical and are likely to be inconsistent. Clearly,

this reasoning might not be applicable to all types of risk management activities or all

types of �rms. However, taken together, these arguments (among many others) certainly

imply that current disclosure standards at least render the assessment of risk management

activities by outsiders extremely di�cult.

Third, and most importantly, SFAS No. 133 and FRR No. 48 apply to risk management

with �nancial instruments only. In practice, however, corporate hedging is not limited

to a risk transfer with marketable securities. For instance, purchase of insurance or

contractual agreements with suppliers to lock-in prices can also provide e�ective risk

management. Many of these alternative instruments are o�-balance and, by nature, not

observable by third parties; just like actions often referred to as \natural hedges" that

are at best imperfectly observable. Examples are the choice of plant locations to have

costs and revenues in the same currency or strong market power to pass on cost shocks to

customers (Gaspar and Massa, 2006).7 Finally, observability of risk management activity

might be hardly justi�able in the case of non-public �rms.

examines the information content of unrealized cash ow hedge positions about future cash ow levels
and investigates how capital markets incorporate this information into their valuation of the �rm.

6In June 2008, the FASB released proposed amendments to SFAS No. 133 with the intent to \sim-
plify accounting for hedging activities; improve the �nancial reporting of hedging activities to make the
accounting model and associated disclosures more useful and easier to understand for users of �nancial
statements;...and address di�erences resulting from recognition and measurement anomalies between the
accounting for derivative instruments and the accounting for hedged items" (FASB, 2008).

7For instance, in a recent survey by Servaes, Tamayo, and Tufano (2009), 44% of the �rms in their
sample implement risk management decisions through operating means unrelated to �nancial instruments.
The most frequently used risk management instrument of �rms in their sample is simply the purchase
of insurance. I refer to Smith (1995) for a comprehensive overview on �nancial and non-�nancial risk
management instruments.
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4.3 The Model

4.3.1 Overview

I model a non-cooperative game among an established �rm (or incumbent) I and a market

entrant (or rival) R. The model consists of two periods, t = 1; 2. In the �rst period, the

incumbent operates as a monopolist. The entrant observes the incumbent's �rst-period

earnings and uses these to decide whether or not to enter the market in the second period.

Firms are risk-neutral, and discount rates are zero.

4.3.2 Payo�s

The realization of �rst-period earnings of the incumbent is publicly observable. I assume

these earnings y1 are uncertain and given by

y1 = � + �; (4.1)

where � denotes the quality of the market and � a stochastic noise term. Nature chooses

� from a normal distribution with mean �� > 0 and variance �2�. The pre-entry earnings

are also exposed to the stochastic component �; which can be interpreted as the �rm's

aggregated transitory exposure. It is independently distributed from � and also drawn

from a normal distribution with variance �2� : I set its mean to zero for convenience. �

may incorporate both market-wide uncertainty, such as uctuations in commodity prices,

as well as �rm-speci�c uncertainty, such as payo�s from R&D projects. The prior distri-

butions over � and � are common knowledge. Neither � nor � are directly observed, and

they are unknown to the entrant. Market quality � is persistent in both periods.8

The incumbent may engage in (partial) hedging transactions that allow for controlling the

distribution of �. Let h 2 [0; 1] denote this hedging strategy, where the resulting variance
of � is linear in h and given by (1� h)�2� . Thus, h = 0 if the incumbent does not engage
in hedging, and h = 1 if the incumbent fully hedges. As a consequence, the resulting

distribution of y1 given the prior estimate of the market quality � is normal with mean

8Using these distributional assumptions enhances the tractability of the results. The posterior will also
be distributed normally, and parameters can be updated by simple rules well-known from the literature
on \conjugate priors." As we will see below, although using the normal distribution is convenient for ease
of exposition, non-positive pro�ts are possible such that either attracting entry or exit from the industry
may be optimal if exit barriers are absent. For the sake of technical convenience, I follow convention in
the literature (e.g., Vives, 1984; Gal-Or, 1985; Darrough, 1993) and ignore this arti�cial possibility by
assuming relatively small variance. Then, such an event becomes unlikely. In section 4.4.1.2, I formalize
this assumption explicitly.
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�� and variance �2y := �
2
� + (1� h)�2� . I follow the literature (e.g., Froot, Scharfstein, and

Stein, 1993) in assuming that hedging is costless and has no e�ect on the expected level

of y1. Recall that the incumbent may hedge in a number of ways. Corporate hedging is

not limited to a risk transfer with marketable securities. Rather, operational activities or

insurance contracts may also provide e�ective risk management to reduce the incumbent's

exposure.

In the second period, earnings of both �rms are given by

yi;2 = (1� �i)�; (4.2)

where i 2 fI; Rg and �i 2 (0; 1) parameterize the duopoly pro�t from post-entry compe-

tition if entry has occurred.9 The case of the incumbent enjoying a monopoly position in

the second period is normalized to �I = 0 and �E = 1.

The formulation of pre- and post-entry earnings in (4.1) and (4.2) is worth exploring

in more detail. First, pro�ts are serially correlated. High �rst-period earnings of the

incumbent therefore provide favorable news about second-period pro�tability. Second,

earnings of both �rms are positively correlated and move in the same direction given a

change in the market quality �. Taken together, these characteristics capture the notion

that high pro�ts of an established �rm lead potential entrants to believe their own future

pro�ts are likely to be high as well. This raises the probability of entry by other �rms.10

Hence, in my formulation, � can be interpreted as a permanent and common measure of

market pro�tability that similarly a�ects �rm performance across the industry { factors

such as the size of the market, the responsiveness of demand to changes in product prices,

the �rms' access to distribution channels, product di�erentiation over substitute products,

or bargaining power over customers.

4.3.3 Information Structure

I make two informational assumptions. First, although �rst-period earnings of the incum-

bent are publicly observable, the realization of the �rm's aggregated transitory exposure �

9The parameter �i captures e�ects from duopoly competition that remain unspeci�ed in this reduced-
form model. These e�ects are well-known from the literature on industrial organization. First, if entry
occurs, the entrant takes market share away from the incumbent. Second, entry intensi�es price com-
petition, as more �rms imply lower prices. The magnitude of these e�ects may vary with the type of
competition (quantity vs. price), the degree of product di�erentiation (homogeneous vs. heterogeneous),
as well as demand and cost conditions. For reference, see Tirole (1988). Note that the results do not
depend on particular parameter choices of �i.

10There is strong empirical support that high historical pro�ts are positively related to market entry.
I refer to surveys by Geroski (1995) and Siegfried and Evans (1994).
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is not. In this regard, thinking of � as an unspeci�ed function of both the numerous risks

to which a �rm is exposed and the �rm's sensitivity to changes in these risks is useful. As

a consequence, even if the hedging choice of the incumbent were observable, the entrant

could not distinguish whether pro�ts are high due to favorable market conditions or due

to positive realizations of �.

Second, I assume that neither �rm knows the quality of the market. Hence, the incum-

bent and the entrant share the prior distribution of the market quality while making their

decisions. Therefore, the model is not a signaling model. In particular, the incumbent

may not strategically exploit an informational advantage. The intuition is reasonable.

Industries are constantly subject to random shocks that can be caused by factors such as

general economy, technological innovations, regulation, and so forth. After such shocks,

uncertainty about the quality of a market will likely remain similarly unresolved for both

�rms. Although I recognize that �rms attempt to acquire information about the realiza-

tion of these shocks and may also possess access to superior information, I abstract from

these considerations in order to isolate the e�ects of hedging. Symmetric information

about the quality of the market enables a clear-cut analysis without adding another e�ect

from private information. I summarize the sequence of actions and events in Figure 4.1.

Figure 4.1: Sequence of actions and events

4.4 Analysis

In the next sections, I examine equilibrium strategies for two informational regimes: (i) a

regime that closely corresponds to current accounting standards, namely, one in which risk

management activity is not observable; (ii) a regime with mandatory hedge disclosures

that go beyond current standards and with risk management activity being revealed.
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4.4.1 Current Accounting Standards { Non-disclosure Regime

If hedging activity of the incumbent is non-observable/not disclosed, the entrant may

condition its belief about the quality of the market only on the observed pro�ts of the

incumbent and not on whether the incumbent hedges or not. Then, given the informa-

tional assumptions made above, even though the game has a sequential structure, I can

solve it \as if" the two �rms' choices were simultaneous. Each �rm formulates and re-

sponds to a belief about what the other �rm's actual choice is. As a consequence, to solve

for equilibrium, I can proceed as follows. I begin with the analysis of entry conditional

on a particular belief of the entrant about the incumbent's action. Conditional on this

conjecture, I can solve for endogenous entry thresholds as a function of observed pro�ts.

Then, I investigate the incumbent's optimal hedging strategy and ask which strategy is

preferred given a particular conjecture of the entrant. In equilibrium, the incumbent's

optimal strategy and the entrant's conjecture converge.

4.4.1.1 Updating and Entry Strategies

Let market entry incur sunk costs to the entrant ofK: The entrant chooses to enter if entry

costs are less than expected post-entry pro�ts. Since entry does not occur in period 1, it

is reasonable to assume that the entrant's ex-ante perception of post-entry pro�tability

relative to its costs of entry is too low to justify entry and

(1� �R)�� < K : (4.3)

Given a situation in which an incumbent is already operating in the market, the arguments

to motivate this assumption are manifold. For instance, a market's ex-ante pro�tability

may justify the entry of a pioneering �rm with a technological lead. Clearly, such a

�rm may enjoy a monopoly rent. However, this rent may not (completely) be available to

prospective entrants given strong post-entry competition (a high �R). As a consequence, a

potential entrant may decide to stay out. More importantly, even if post-entry competition

is relatively mild (a low �R) and competitors are symmetric, the entrant may not choose

to enter if its entry costs K are signi�cantly higher than those expended by a pioneering

�rm. These additional costs may result, for instance, from barriers to entry such as

reputational e�ects and marketing advantages of incumbency (Bain, 1956) or exclusive

contracts between buyers and the incumbent seller (Aghion and Bolton, 1987).11

11Note that the economics literature has proposed numerous and conicting de�nitions of entry barriers
(see Carlton, 2004; and Schmalensee, 2004). The argument I present most closely follows the recent
de�nition by McAfee, Mialon, and Williams (2004): a barrier to entry is a cost that a new entrant must
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However, at the end of period 1; new information arrives. The entrant observes the �rst-

period pro�ts y1 of the incumbent. Since distributions of � and � are common knowledge,

the entrant can draw inferences from y1. Concretely, conditional on the conjecture about

the unobservable hedging choice of the incumbent h�, the entrant updates prior beliefs

about market quality � according to Bayes' rule. The mode of Bayesian learning consid-

ered here follows from the normality and independency of � and � and is well known from

DeGroot (1970) and Cyert and DeGroot (1974). Note that the posterior distribution of

� is also normal.

Speci�cally, following the observation of y1 and given a conjecture about the unobservable

hedging choice of the incumbent; h�; posterior mean and variance of � are

��0 = E(� j y1; h�) = �y1 + (1� �)�� (4.4)

and

�20� = �
2
�(1� �); (4.5)

where

� :=
�2�

�2� + (1� h�)�2�
. (4.6)

Equations (4.4) to (4.6) have natural interpretations. First, from equation (4.4), the

revised mean ��0 is a weighted average of the observed pro�t y1 and the unconditional

mean ��. Hence, observing a higher-than-expected �rst-period pro�t of the incumbent,

y1 > ��; lifts the prior mean upward since strong pro�ts of the incumbent are more likely

for a high � and vice versa. Second, from equations (4.5) and (4.6), �20� < �
2
�: the entrant

has a more precise (i.e., higher quality) estimate of the market than it had ex-ante. In

the extreme case, when the incumbent fully hedges, �20� equals zero. Third, posterior

estimates put more weight on signal y1 if � is large. In fact, � strictly increases in h

and decreases in �2� : The intuition is straightforward. The more a �rm hedges (a high

h) and the lower the initial variance of the noise term �2� , the more informative realized

pro�ts are about the quality of the market relative to the initial estimate. Hence, the

entrant attributes a strong �rst-period result rather to favorable market quality than to

good luck. The consequence is a large revision of the prior.

Considering these results leads to the entrant's revised perception about post-entry pro�ts

and establishes the following entry rule. Given a conjecture h� about the unobservable

hedging choice of the incumbent, entry occurs if (and only if) expected post-entry pro�ts

and that incumbents do not or have not had to incur. For comprehensive treatments of barriers to entry,
see also von Weizs�acker (1980) and Tirole (1988).
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exceed the cost of entry

(1� �R)E(� j y1; h�) > K;

which, by using (4.4), implies entry if y1 satis�es

y1 > � + (1� h�) := y�; (4.7)

where

� :=
K

1� �R
and  :=

�2�
�2�

�
K

1� �R
� ��
�
:

The threshold value y� denotes the �rst-period pro�t of the incumbent above which the

entrant chooses to enter the market.

A number of interesting properties are associated with the entry threshold y�. These

characteristics obviously are corollaries of the properties of conditions (4.4) to (4.6). Using

(4.3) implies  > 0; hence, y� > ��. In addition, more hedging strictly decreases y�. The

reason is straightforward. If the incumbent engages in more hedging activities, �rst-

period pro�ts become less noisy and reveal more about the true value of � and hence the

expected post-entry pro�tability of the entrant. As a result, realized pro�ts must rise less

sharply above the prior mean to trigger entry. In contrast, increases in entry costs K and

increases in (the intensity of competition) �R negatively a�ect post-entry pro�tability of

the entrant, which in turn raises y�. Clearly, the opposite is true for the prior mean ��:

4.4.1.2 Hedging Strategies and Equilibrium

I am now ready to analyze equilibrium strategies using the �ndings of the previous section.

In equilibrium, the �rms' expectations about each other's strategies are consistent, and

each �rm is choosing a best response to what it believes the other �rm will do. Construct-

ing an equilibrium of the game between the incumbent and the entrant hence involves

several steps. I start from a postulate on the entrant's conjecture about the incumbent's

hedging strategy h�; which implies an entry threshold value y� computed from the updat-

ing rules derived above. Then, I solve for the incumbent's best response to this particular

conjecture and �nally derive the conditions under which h� is indeed the optimal strategy

for the incumbent.

The incumbent chooses h� to maximize the expected pro�ts given its belief on what the

entrant is likely to think about the incumbent's strategy. Although the choice of the

incumbent may inuence the entrant's learning through the information content of �rst-

period pro�ts y1, hedging does not alter its expected value E(y1). Therefore, to solve for

equilibrium, considering the incumbent's expected second-period pro�ts is su�cient. So

I need not explicitly account for �rst-period pro�ts in the incumbent's maximization.
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Suppose the entrant anticipates a hedging strategy h� by the incumbent. Let this con-

jecture by (4.7) imply an entry threshold y�. What is optimal for the incumbent given

this conjecture? Recall that the entrant's entry decision depends on the realization of

�rst-period pro�ts y1 relative to the entry threshold y
�: If y1 > y

� then entry occurs and

the incumbent receives (1 � �I)E(� j y1; h); otherwise, the entrant chooses not to enter
and the incumbent remains monopolist with monopoly pro�t E(� j y1; h). Note that the
expression E(� j y1; h) is the expected market quality conditional on the realization of
�rst-period pro�ts y1 and given the actual hedging strategy h.

12 Since E(� j y1; h) is a
function of the random variable y1, it is itself a normally distributed random variable. Let

f(y1 j h) denote the density of y1 given hedging choice h. Then, the incumbent's expected
second-period earnings { from an ex-ante perspective { are

(1� �I)�� + �I
Z y�

�1
E(� j y1; h)f(y1 j h)dy1| {z }
:=Monopoly Rent V

; (4.8)

where the �rst expression in (4.8) represents the expected pro�t from duopoly and the

second gives the expected rent from remaining monopolist. I denote this rent by V (\Value

of Incumbency") in the following. Note that the integral may be interpreted as the �rst

moment of the normal variable E(� j y1; h) that is censored on the interval y1 2 (y�;+1):

Since the expected duopoly pro�t, (1 � �I)��; is independent from the hedging choice h;

restricting attention to the incumbent's expected monopoly rent V is convenient in the

following. V can be written as

V : = �I
�
�
�
��F (y� j h)� �2yf(y� j h)

�
+ (1� �)��F (y� j h)

�
= �I

�
��F (y� j h)� �2�f(y� j h)

�
= F (y� j h) �I

�
�� � �2�

f(y� j h)
F (y� j h)

�
| {z }
:=�IE(E(�jy1;h)jy1�y�)

; (4.9)

where F (�) is the cumulative distribution of y1: Note that the �rst line follows from using
(4.4) as well as well-known results concerning censored normal distributions.13 The second

line follows from substituting � from condition (4.6). I �nd the third line particularly

useful for the subsequent analysis. It captures the basic relationship between means of

12Recall that realized pro�ts y1 are only an imprecise signal of second-period earnings (induced by �)
as long as h 6= 1.
13Suppose a random variable x � N(�; �2): Let x� denote a random variable transformed from x such

that x� = x if x� � a and x� = 0; otherwise. Then, the mean of the censored normal variable x� yields
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truncated and censored normal distributions.14 Note that

F (y� j h) (4.10)

denotes the probability that the incumbent remains monopolist since �rst-period pro�ts

have realized below the entry threshold y�.

Equation (4.9) has an intuitive interpretation. The monopoly rent V equals to the prob-

ability of the incumbent remaining monopolist, F (y� j h); multiplied by the expected
rent conditional on the incumbent remaining monopolist, �IE(E(� j y1; h) j y1 � y�).15

Thus, in choosing the optimal hedging strategy h� to maximize the monopoly rent V , the

incumbent solves

max
h2[0;1]

F (y� j h)�I
�
�� � �2�

f(y� j h)
F (y� j h)

�
: (4.11)

The solution to (4.11) characterizes the set of strategies that is individually optimal for the

incumbent, given a conjecture that implies an entry threshold of y�: Then, by assuming

a positive monopoly rent V with

�� > ��; (4.12)

the optimal hedging choice of the incumbent can be summarized as follows.16

E(x�) =

Z a

�1
xf(x)dx = �F (a)� �2f(a); where f is the density and F the cumulative distribution of x

(see, e.g., Greene, 2003).

14Suppose a normally distributed random variable x truncated at x = a. Then, its mean yields

E(x j x � a) =
aR

�1
xf(x j x � a)dx = E(x�)

Prob(x�a) =
E(x�)
F (a) ; where f(x j x � a) = f(x)

Prob(x�a) and

E(x�) denotes the mean of the censored normal variable x�. The intuition is that in recognizing the
truncation, the conditional density is scaled in such a way that it integrates to one on the interval below
a: The properties of truncated normal distributions have been studied extensively in Johnson, Kotz, and
Balakrishnan (1995).

15Note that the �rst expectation is with respect to �rst-period pro�t y1 and the second expectation
with respect to market quality �.

16This assumption corresponds to the hitherto implicit assumption on the distribution of � that I
elaborated in footnote 8. Section C.3 of the appendix contains a formal treatment. It is important to
note that the admissible range of parameters to ensure V > 0 cannot be pinned down analytically, as

only estimates for ����2�
f(y�jh)
F (y�jh) > 0 exist (see the literature on the Mill's Ratio,

1�F (y�jh)
f(y�jh) ; e.g., Patel and

Read, 1996; and DasGupta, 2008). Clearly, the parameter restriction is made for reasons of tractability
and does not qualitatively a�ect any of the results.
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Lemma 4.1 Given any conjecture about the entry threshold y�, the monopoly rent V

has no local maximum17 on h 2 [0; 1]. Its maximum h� is attained on the boundaries of

h 2 [0; 1]. A unique cuto� ŷ 2 (A;B) exists such that if y� > ŷ then h� = 1, whereas if
y� < ŷ then h� = 0; and if y� = ŷ then the incumbent is indi�erent between h� = 1 and

h� = 0; where

A :=
1

2
(�� +

q
��2 + 4�2�) and B :=

��(�2� � �2�)
2�2�

+
1

2

s
(�2� + �

2
�)(4�

2
� + ��

2(�2� + �
2
�))

�4�
:

Proof. see appendix.

The important insight of Lemma 4.1 is that the incumbent either chooses to fully hedge

(h� = 1) or chooses to leave its exposure completely open (h� = 0). For example, if

the incumbent believes the entrant will enter at a �rst-period pro�t higher than ŷ; the

best response is h� = 1: The cuto� ŷ denotes the value of y� for which the incumbent

is indi�erent between hedging with h� = 1 and no hedging with h� = 0. To capture the

intuition for this result, it is helpful to explore the e�ects of a marginal change in h on

the monopoly rent V in more detail.

Following the decomposition proposed in (4.9), the total change in V with respect to h

@V

@h
=
@F (y� j h)

@h
�I

�
�� � �2�

f(y� j h)
F (y� j h)

�
| {z }

(a)\Probability E�ect"(+)

+F (y� j h)� @

@h
�I

�
�� � �2�

f(y� j h)
F (y� j h)

�
| {z }

(b)\Value E�ect"(+/-)

(4.13)

can be decomposed into two very intuitive e�ects:18 I �nd that (4.13) is simply the

sum of (a) the marginal change in the probability of remaining monopolist weighted by

the conditional monopoly rent if y1 is not exceeding y
� (\Probability E�ect") and (b)

the marginal change in this conditional monopoly rent weighted by the probability of

remaining monopolist (\Value E�ect"). The �rst expression, the \Probability E�ect," is

positive as
@F (y� j h)

@h
=
(y� � ��)�2�
2�2y

f(y� j h) > 0: (4.14)

Here, the important insight is that hedging increases the probability of deterring entry.

The interpretation is intuitive. More hedging lowers the dispersion of the incumbent's

realized �rst-period pro�t y1. As a consequence, hedging shifts probability mass below

the entry threshold and makes outliers to the right tail of the distribution less likely. It

17A global extreme point that is not an interior point of the domain of V is not a local extreme point.

18The reformulation has some similarity to the Tobit decomposition McDonald and Mo�tt (1980)
introduce.
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simply a�ects the probability that the observation will fall in the part of the distribution

that induces the entrant to stay out of the market. Figure 4.2 gives an intuitive graphical

representation.

Entry Threshold

No Entry Entry

Entry Threshold

No Entry Entry

Figure 4.2: \Probability E�ect" for strategies h1 and h2; where h1 > h2

The second part of (4.13), the \Value E�ect," reects the e�ect of h on the conditional

monopoly rent in the second period given that y1 is not exceeding y
�:While the \Probabil-

ity E�ect" suggests the incumbent has clear incentives to fully hedge, the \Value E�ect"

is ambiguous. From (4.13), the sign of the \Value E�ect" (and therefore the overall sign

of the derivative) obviously is contingent on � f(y�jh)
F (y�jh) being increasing or decreasing in h:

For instance, it is straightforward to verify that if � f(y�jh)
F (y�jh) is increasing in h, then the

\Value E�ect" and therefore the total monopoly rent V is increasing in h as well. As a

consequence, the incumbent chooses a full hedge, h� = 1:

More generally, applying the quotient rule

� @

@h

f(y� j h)
F (y� j h) = �

@
@h
f(y� j h)F (y� j h)
F (y� j h)2| {z }
(+/-)

+
@
@h
F (y� j h)f(y� j h)
F (y� j h)2| {z }

(+)

and equation (4.14) (namely, @F (y
�jh)

@h
> 0) reveals the key for the \Value E�ect" being

increasing or decreasing is how the density f(y� j h) changes at the threshold level y�:
The \Value E�ect" increases in h, either if @

@h
f(y� j h) < 0 or if f(y� j h) increases not

too rapidly in h: In fact, it can be easily shown that this is true if y� is su�ciently large.
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The \Value E�ect" decreases in h, however, if @
@h
f(�) increases quickly in h, which is true

if y� is su�ciently small. It is interesting that in this case, either of the two e�ects {

\Probability E�ect" or \Value E�ect" { may actually dominate the equilibrium outcome.

As a consequence, it is useful to think of the three entry threshold regions that Lemma 4.1

implicitly proposed: (i) Region 1 (\low"): y� � A; (ii) Region 2 (\medium"): A < y� < B;
(iii) Region 3 (\high"): y� � B: As I show in the proof of Lemma 4.1, when the conjectured
threshold y� � B then the \Probability E�ect" is dominating the \Value E�ect" and the
value from incumbency V strictly increases in h 2 [0; 1]. Thus, the incumbent has clear
incentives to fully hedge and h� = 1. In contrast, when y� � A; the \Value E�ect" is

dominating and V is strictly decreasing in h. Finally, when A < y� < B; the optimal

hedging strategy becomes less clear-cut. Conditional on the particular conjecture y�,

either of two outcomes may occur: h� = 0 or h� = 1: It is in this region in which the

unique cuto� ŷ; which I proposed in Lemma 4.1 and above which the incumbent chooses

to engage in risk management with h� = 1; exists.19

Now I am ready to construct the equilibrium, which the following proposition summarizes.

Recall that (4.7) gives the entrant's best response curve to an arbitrary conjecture h�;

and Lemma 4.1 gives the incumbent's best response to an arbitrary conjecture y�. The

unique intersection of the best response curves { as depicted in Figure 4.3 { pins down the

pure-strategy equilibrium. Then, the best response of either �rm is consistent with the

other �rm's belief. For ease of notation, let y� and h� denote the equilibrium strategies

in the following. I �nd a unique equilibrium.

Proposition 4.1 In a non-disclosure regime with unobservable risk management ac-

tivity, a unique equilibrium exists. Depending on parameter values, the equilibrium strat-

egy of the incumbent is either: (a) full hedging (h� = 1) with an entry threshold of

y� = K
1��R , where y

� > ŷ; (b) no hedging (h� = 0) with an entry threshold of y� =

K
1��R +

�2�
�2�

�
K

1��R � ��
�
, where y� < ŷ; or (c) a mixed strategy between h� = 1 (with proba-

bility p�) and h� = 0 (with probability 1� p�) with an entry threshold of y� = ŷ:

Proof. A graphical illustration to the proof of the (a) and (b) parts of Proposition

4.1 follows in Figure 4.3. It is easy to show that the best reaction curves of incumbent

and entrant can cross only once. Recall from (4.7) that the reaction curve of the en-

trant is given by y� = �+ (1�h�); where from (4.3) � > 0 and  > 0: This implies that
h� = 1 + �


� 1


y� is downward sloping. The pattern of the best response function of the

incumbent { it is non-continuous and involves a jump up at y� = ŷ; where ŷ 2 (A;B) {
follows from Lemma 4.1: The mixed-strategy equilibrium, the (c) part of Proposition 4.1,

19Note that no closed-form solution for ŷ exists: I show uniqueness and existence of ŷ in the appendix.
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can be easily derived. The incumbent is indi�erent between playing h� = 1 and h� = 0

if y� = ŷ: When the incumbent randomizes over these strategies, the induced outcome

to the entrant corresponds to a lottery over the pure-strategy payo�s weighted by the

probabilities with which h� = 0 and h� = 1 are being played. Hence, p� 2 (0; 1) solves
(1� �R) (p�E(� j ŷ; h� = 1) + (1� p�)E(� j ŷ; h� = 0)) = K:

Figure 4.3: A graphical representation to the proof of Proposition 4.1

Proposition 4.1 demonstrates that three cases exist. In the �rst and most interesting

case, when parameters are such that the equilibrium entry threshold is above the cuto�

ŷ, engaging in risk management activities is optimal for the incumbent. The threat

of entry creates strong forces to reduce risk { even if �rms are risk-neutral.20 In the

second case, when the equilibrium entry threshold y� is below the cuto� ŷ; the incumbent

does not have an incentive for risk management. Although risk management still would

increase the chances that the entrant stayed out of the market, the incumbent would su�er

disproportionately from a decrease in the value of incumbency conditional on remaining

monopolist. In the third case, a mixed strategy equilibrium occurs. The incumbent is

indi�erent and hence randomizes between hedging and no hedging. The entrant remains

uncertain about the risk management strategy of the incumbent.

20In this regard, I also provide a reasonable explanation for why �rms may wish to engage in risk
management activities.

65



4.4.1.3 A Numerical Example

I illustrate Proposition 4.1 with a numerical example for three straightforward settings.

Table 4.1 presents equilibria for various entry cost K with all other parameters held �xed.

Each column shows, for a particular entry cost K, the equilibrium strategies (h�; y�),

the expected second-period pro�ts of incumbent and entrant (��I ;�
�
R), and the entry

probability (q�). The examples involve a market quality � that is drawn from a normal

distribution with mean �� = 50 and standard deviation �� = 20: The incumbent's exposure

� is drawn from a normal distribution with mean zero and standard deviation �� = 10: The

e�ects of competition are captured by �I = �E = 0:6; which implies (as in the standard

Cournot situation) total pro�ts in a duopoly are lower than in a monopoly: Given these

parameter values, it is easily veri�ed that the interval [57:02; 57:18] contains the discrete

jump of the incumbent's best reaction function h(y�) at ŷ as shown in Figure 4.3.

Recall that ŷ cannot be solved for analytically. Nevertheless, a numerical solution, which

is ŷ = 57:096; can be obtained. Then, it is straightforward to show that if K � 22:27 ; the
incumbent does not hedge (h� = 0); whereas if K � 22:84; the incumbent engages in risk
management (h� = 1).21 Otherwise, the incumbent chooses a mixed strategy p� 2 (0; 1):
Therefore, each of the three entry cost levels in Table 4.1, namely K = 21:9; K = 22:6;

and K = 23:2; corresponds to one of the three di�erent regions described above. Notice

also that the expected second-period pro�ts of the incumbent ��I strictly increase in K,

whereas the expected second-period pro�ts of the entrant ��R and the entry probability

q� strictly decrease in K.

Parameters �� = 50 ; �� = 20; �� = 10; �I = 0:6; �R = 0:6

Region \low" Region \medium" Region \high"

Entry cost K = 21:9 K = 22:6 K = 23:2

Equilibrium results h�= 0 p�= 0:5 h�= 1

y�= 56 y�= ŷ = 57:096 y�= 58

��I= 34:0 ��I= 34:6 ��I= 35:2

��R= 2:0 ��R= 1:91 ��R= 1:8

q�= 0:394 q�= 0:368 q�= 0:345

Table 4.1: A numerical example illustrating the e�ect of rising entry cost K

21These bounds for K can be easily derived by solving for K in the two cases in which the reaction
curve of the entrant crosses either (ŷ; 0) or (ŷ; 1):
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4.4.2 Mandatory Hedge Disclosure Regime

In this section, I consider the case in which the entrant observes h. This case corresponds

to a regime in which regulation mandates �rms to disclose all risk management activities. I

explore the economic consequences of such reporting regulation on the equilibrium hedging

behavior of �rms given the competitive threat of market entry.

In contrast to the earlier situation in which h was not observable and therefore the en-

trant was unaware of the risk management choice previously made by the incumbent, the

incumbent now must disclose its level of hedging. Risk management activities are per-

fectly revealed. The important implication is that both situations di�er in their timing.

In the earlier analysis, the entrant reacts to a conjecture about the hedge decision of the

incumbent and both �rms act \as if" they moved simultaneously. Now the �rms decide

truly sequentially. As we will see below, the incumbent's hedge decision therefore has an

additional informational and strategic e�ect on the entrant's entry threshold.

Solving for (subgame perfect) equilibrium is straightforward. The incumbent must antic-

ipate the optimal reaction of the entrant to both, the hedging strategy h of the incumbent

and the observed �rst-period pro�t y1: Entry takes place if (and only if) expected post-

entry pro�ts exceed the cost of entry

(1� �R)E(� j y1; h) > K;

which by using (4.4) implies entry, if y1 exceeds the threshold value

y�(h) := � + (1� h); (4.15)

where

� :=
K

1� �R
and  :=

�2�
�2�

�
K

1� �R
� ��
�
:

A similar condition for market entry appeared in the analysis of the non-disclosure regime

in section 4.4.1.1 (recall the entrant's optimal entry decision from equation (4.7)). How-

ever, observe that in the regime I consider here, the threshold value y�(h) is truly the

entrant's reaction to the observed hedging strategy h (and hence a function of h), whereas

in the earlier analysis, y� is the entrant's response to an unobserved, hypothesized, and

�xed hedging choice. To put it di�erently, y�(h) gives an entry schedule specifying the en-

trant's optimal choice for each observed action of the incumbent, h, and each �rst-period

pro�t realization, y1. Since the incumbent can solve for the entrant's optimal choice as
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easily as the entrant can, the incumbent anticipates that its hedge decision h will be met

with the reaction y�(h).

As a consequence, the incumbent's maximization over the monopoly rent V as character-

ized in (4.8) to (4.11) now yields

max
h2[0;1]

�I

Z y�(h)

�1
E(� j y1; h)f(y�(h); h)dy1| {z }
:=Monopoly Rent V

: (4.16)

This maximization problem is similar to the one analyzed in section 4.4.1.2. The di�erence

is that the incumbent may now select a point on the entrant's reaction function y�(h) that

maximizes its own pro�ts. Before proceeding with the analysis of equilibrium, I state the

central result.

Proposition 4.2 In a mandatory hedge disclosure regime with observable risk man-

agement activity, a unique (subgame perfect) equilibrium exists. In this equilibrium, the

incumbent does not hedge (h� = 0). The threshold value y�(h�) above which the entrant

chooses to enter the market in equilibrium is given by y�(h� = 0) = K
1��R +

�2�
�2�

�
K

1��R � ��
�
:

Proof. see appendix.

The striking result is that a mandatory hedge disclosure regime may drive �rms to de-

crease risk management activities. The reason is subtle and combines two notions. First,

recall that hedging eliminates noise from the incumbent's pro�ts, thereby increasing the

informativeness of �rst-period pro�ts about market quality. Second, if hedging choices

are disclosed, the entrant conditions its posterior belief about the market quality on one

additional and credible signal (besides the �rst-period pro�t y1); namely, the hedge deci-

sion h. Therefore, in contrast to the previous case of current accounting standards, risk

management now has a direct inuence on the entry threshold above which the entrant

chooses to enter the market. Mandatory hedge disclosures give rise to a strategic bene�t

to the incumbent of not engaging in risk management activities.

To see the intuition, di�erentiate (4.15) { the upper limit of the integration in (4.16)

{ with respect to h. Using (4.3) implies  > 0; hence, more hedging strictly decreases

y�(h). If the incumbent engages in more hedging activities, �rst-period pro�ts are less

noisy, reveal more about the true quality of the market �, and allow the entrant to better

infer from �rst-period pro�ts. On the other side, if the incumbent does not hedge at all,

realized pro�ts y1 are a less precise signal of �; which results in an upward shift of the

entry threshold y�(h). This upward shift in the entry threshold (induced by the strategic
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inuence of the observable hedge decision on the entrant's behavior) is clearly bene�cial

to the incumbent and is in fact the dominating e�ect in Proposition 4.2.22

Therefore, the implication of Proposition 4.2 is that in a mandatory disclosure regime,

hedging is not in the incumbent's interest as hedging leads to an entrant making a more

precise competitive move. In fact, the result establishes that the incumbent has an in-

centive to garble the information conveyed through the �rst-period pro�t y1 and that

mandatory disclosure encourages excessive risk-taking. The natural incentives to engage

in hedging activity under many circumstances as Proposition 4.1 posits is destroyed.

Corollary 4.1 Under the parameter values of Proposition 4.1a, the volatility of the in-

cumbent's �rst-period pro�t is strictly higher in a mandatory hedge disclosure regime

than in a non-disclosure regime. Also, the informativeness of pro�ts about a �rm's

intrinsic value in a mandatory hedge disclosure regime is strictly lower than the

informativeness of pro�ts in a non-disclosure regime.

Proof. The variance of �rst-period pro�ts is given by �2�+�
2
� (mandatory hedge disclosure

regime) and �2� (non-disclosure regime). Comparing the \signal-to-noise ratios" yields
�2�

�2�+�
2
�
<

�2�
�2�
= 1. This establishes the corollary.

Two implications immediately emerge from the corollary. First, pro�ts in a mandatory

disclosure regime are more volatile as �rms' risk management activities go down. As a

result, we should observe a higher variability in �rms' pro�ts following a regulatory act,

even though the variability of the underlying fundamentals (here: �) is kept constant.

Second, pro�ts are less informative about a �rm's intrinsic value/quality, thereby and

c.p. increasing informational asymmetries between �rms and stakeholders.23 As a con-

sequence, earnings become less useful as indicators for a �rm's intrinsic value not only

for competitors but also for other uninformed parties, in particular, outside investors.

The reason is that less risk management implies a lower signal-to-noise ratio due to more

total variance in pro�ts from noise. Interestingly, the model suggests that a mandatory

disclosure regime, which is a regulator's attempt for greater transparency, is associated

with a higher magnitude of informational asymmetries and less \real transparency" about

a �rm's current condition.

22By comparing the upper limits of the integration in (4.8) and (4.16), it is easy to see that this strategic
e�ect of hedging does not exist in the earlier analysis of unobservable hedging.

23To see why, observe that the quality of the market � de�nes the value of assets/projects in the market,
which clearly determines a �rm's intrinsic value.
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Corollary 4.2 Under the parameter values of Proposition 4.1a, the probability of entry

in a mandatory hedge disclosure regime is strictly lower than the probability of entry

in a non-disclosure regime.

Proof. In a mandatory hedge disclosure regime, the entry threshold is given by

y�D =
K

1� �R
+
�2�
�2�

�
K

1� �R
� ��
�
;

whereas the entry threshold in a non-disclosure regime under the parameter values of

Proposition 4.1a is

y�ND =
K

1� �R
:

Clearly, y�D > y�ND: Note that the probability of entry is given by 1 � �(
y�D���p
�2�+�

2
�

) and

1��(y
�
ND���p
�2�
); respectively, where �(�) denotes the cdf of the standard normal distribution.

Observe that @�(x)
@x

> 0 for all x. Showing that
y�D���p
�2�+�

2
�

>
y�ND���p

�2�
establishes the corollary.

Corollary 4.2 implies that the mandatory disclosure regime may negatively a�ect industry

structure. The increase of uncertainty about the quality of the market raises barriers

to entry. Therefore, disclosure fosters more concentrated industry structures, inhibits

competition, and reduces social surplus. This externality of disclosure policy would be

hardly desirable from a social and economic point of view for most industries.

4.5 Conclusion

This chapter analyzes three important areas of disclosure research: hedge accounting, cor-

porate risk management, and product-market competition. I demonstrate that accounting

standards substantially a�ect equilibrium hedging strategies. Under current accounting

standards, even risk-neutral �rms have strong incentives to engage in risk management

activities. In this regard, I provide a novel explanation for why �rms may wish to en-

gage in risk management. The model also demonstrates that under a more transparent

disclosure regime, hedging may not be an equilibrium strategy if �rms face the threat of

entry in their product markets. Hence, my �ndings shed light on the desirability of more

transparent accounting standards and suggest that more disclosure on risk management

may change risk management incentives of �rms in undesirable ways.
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Chapter 5

General Conclusion

In corporate �nance, it has become indisputable that informational asymmetries signi�-

cantly distort the �nancial decisions �rms make. While this is certainly true, one theme

in this thesis, however, is that more informational asymmetries between economic parties

are not always more detrimental.

Headquarters' attempt to withhold private information about the productivities of its

divisions through socialistic capital allocations is an example of this point. On one hand,

this investment policy leads to ine�cient investments from a one-period perspective, and

headquarters' ability to allocate funds e�ciently does not appear to be successful. On

the other hand, headquarters acts strategically and the bene�ts of such a policy outweigh

its costs over the full investment cycle because capital allocations typically provide ef-

fort incentives to search for new corporate investment projects. Clearly, if managerial

e�ort were fully contractible or could be enforced otherwise, headquarters could directly

stipulate managers to act in the best interest of the �rm. However, �nding an e�cient

enforcement mechanism is typically di�cult to achieve given the long-term nature of

corporate investment decisions.

Attempts by policy-makers for more disclosure about accounting items related to risk

management are another example. The economics di�er here, however. First, �rms typi-

cally dislike to reveal certain kinds of proprietary information that, once disclosed, provide

strategic information to potential competitors. Second, risk management improves the

informativeness of corporate earnings as a signal of the value of investment opportunities

in a market. Taken together, these arguments imply that more transparent accounting

standards on the risk management activities of �rms can create incentives to engage in

excessive risk-taking. The reason is that foregoing risk management renders a rival's

inferences about the quality of investment projects in the market di�cult. Of course,

the distortions at hand would not exist under full information if rivals could distinguish
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between whether earnings are high due to favorable market conditions or due to positive

realizations of extraneous noise.

Although more information asymmetries carry clear bene�ts in the settings I present in

this thesis, I limit attention to the informational impact on parties in one single market

in which a �rm may operate. However, a �rm/headquarters may be reluctant to convey

information to potential entrants/managers but eager to signal its private information

to other uninformed third parties that condition their behavior on this information. For

instance, if �rms raise capital from uninformed outside investors, the presence of asym-

metric information typically makes external �nancing more costly (Myers and Majluf,

1984). Given such circumstances, the �rm would clearly face a trade-o� between the

gains and costs associated with informational asymmetries. The economics of these sorts

of tradeo�s, however, remain for future research.
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Appendix A

Cover Letter and Questionnaire
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Figure A.1: Cover letter (english)
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Figure A.2: Cover letter (German)
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Figure A.3: Questionnaire (page 1 of 4)
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Figure A.4: Questionnaire (page 2 of 4)
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Figure A.5: Questionnaire (page 3 of 4)
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Figure A.6: Questionnaire (page 4 of 4)
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Appendix B

Summary of Internal Capital

Markets Theories
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C.1 Proof of Lemma 4.1

The proof involves several steps. The procedure in the proof is (i) to show V has no local

maximum (the �rst part of the lemma) and (ii) to determine the behavior of @V (h)
@h

on

h 2 [0; 1] for all admissible parameter values. The second step is the main di�culty. The
proof involves three lemmas:

1. Lemma C.1: The monopoly rent V has no local maximum on h 2 [0; 1]. A
unique local minimum h0 2 (0; 1) exists if and only if A < y� < B, where

B :=
��(�2� � �2�)
2�2�

+
1

2

s
(�2� + �

2
�)(4�

2
� + ��

2(�2� + �
2
�))

�4�

and

A :=
1

2
(�� +

q
��2 + 4�2�):

2. Lemma C.2: On h 2 [0; 1]; if y� � B; the monopoly rent V has a global maxi-

mum, which is h� = 1; whereas if y� � A, the global maximum is h� = 0:

3. Lemma C.3: On h 2 [0; 1]; if A < y� < B, a unique cuto� ŷ exists such that if

y� > ŷ then h� = 1, whereas if y� < ŷ then h� = 0; and if y� = ŷ the incumbent is

indi�erent between h� = 1 and h� = 0:

It is helpful to study Figures C.1 to C.3 before proceeding. They are meant to provide

intuition behind the steps to prove the Lemmas C.1-C.3.

Figure C.1: Monopoly Rent V in Region 1

(\low"), when y� � A
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Figure C.2: Monopoly Rent V in Region 2

(\medium"), when A < y� < B

Figure C.3: Monopoly Rent V in Region 3

(\high"), when y� � B

I construct the �gures for an example in which � = 50; �� = 20; �� = 10; �I = 0:6; and

three di�erent threshold levels y� = 57; y� = 57:10; and y� = 60; each of which corresponds

to the three di�erent regions described above: (i) Region 1 (\low"): y� � A; (ii) Region
2 (\medium"): A < y� < B; and (iii) Region 3 (\high"): y� � B with A = 57:02 and

B = 57:18. The expected monopoly rents V are on the vertical axes. The incumbent's

hedging choices h are on the horizontal axes. Note that none of the general properties in

each region depends on the speci�c parameters I use.

Figures C.1 and C.3 clearly suggest that if the conjectured entry threshold is in Region

1 (\low"), here y� = 57; more hedging decreases the monopoly rent V ; hence h� = 0: If

the entry threshold is in Region 3 (\high"), however, for instance, y� = 60; hedging is
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bene�cial and h� = 1: Figure C.2 points to the less straightforward case of y� = 57 2
(A;B) (Region 2, \medium") in which a local minimum h0 exists and the graph of V (h)

is similar to a parabola that opens upward. Then, the global maximum of V is attained

on the boundaries. In Figure C.2, h� = 1. In the following, I show these properties hold

in general in each region.

Lemma C.1 The monopoly rent V has no local maximum on h 2 [0; 1]. A unique local
minimum h0 2 (0; 1) exists if and only if A < y� < B, where

B :=
��(�2� � �2�)
2�2�

+
1

2

s
(�2� + �

2
�)(4�

2
� + ��

2(�2� + �
2
�))

�4�

and

A :=
1

2
(�� +

q
��2 + 4�2�):

Proof. The procedure in the proof is straightforward. I solve for the usual �rst- and

second-order conditions. To reduce the notational burden, de�ne

�2y := �
2
� + (1� h)�2� ; (C.1)

thus, the density of y1 at y1 = y
� given hedging choice h is

f(y� j h) := 1

�y
p
2�
e
� 1
2
( y
����
�y

)2
:

Recall from (4.9) that V = �I
�
F (y� j h)� �� � �2� � f(y� j h)

�
; hence

@V (h)

@h
= �I

�
��
@F (y� j h)

@h
� �2�

@f(y� j h)
@h

�
= �I

"
��
(y� � ��)�2�
2�2y

f(y� j h) + �2� �2�
(y� � ��)2 � �2y

2�4y
f(y� j h)

#

= �If(y
� j h)

"
��
(y� � ��)�2�
2�2y

+ �2� �
2
�

(y� � ��)2 � �2y
2�4y

#

= �If(y
� j h) �

2
�

2�4y

�
��(y� � ��)�2y + �2�

�
(y� � ��)2 � �2y

��
; (C.2)
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where the second line follows from both using (4.14) and using

@f(y� j h)
@h

= �f(y� j h)(y
� � ��)2 �2�
2�4y

+ f(y� j h) �
2
�

2�2y

= �f(y� j h)�2�
(y� � ��)2 � �2y

2�4y
: (C.3)

Substituting for (C.1) and solving the �rst-order condition @V (h)
@h

= 0 yields

h0 =
��(y� � ��)�2� + �2�(y�

2 � y��� � �2�)� �4�
�2�(��(y

� � ��)� �2�)
: (C.4)

Imposing h0 2 (0; 1) implies that h0 is on the interval (0; 1) if and only if

1

2
(�� +

q
��2 + 4�2�)| {z }

:=A

< y� <
��(�2� � �2�)
2�2�

+
1

2

s
(�2� + �

2
�)(4�

2
� + ��

2(�2� + �
2
�))

�4�| {z }
:=B

: (C.5)

Checking for the second-order condition yields

@2V (h0)

@h2
= e

��(y����)��2�
2�2�

�4�
�
��(y� � ��)� �2�

�4
2
p
2��2�(y

� � ��)6| {z }
>0

vuuuut� (y� � ��)2�2�
��(y� � ��)� �2�| {z }
<0 from (C.5)

> 0: (C.6)

Hence, if h0 2 (0; 1) exists, it is a local minimum. Note that the expression under the
square root in (C.6) is never negative if (C.5) holds.1 This establishes that h0 is the

unique local extreme point, a minimum, i� A < y� < B; where

A :=
1

2
(�� +

q
��2 + 4�2�)

and

B :=
��(�2� � �2�)
2�2�

+
1

2

s
(�2� + �

2
�)(4�

2
� + ��

2(�2� + �
2
�))

�4�
:

Lemma C.2 On h 2 [0; 1]; if y� � B; the monopoly rent V has a global maximum,

which is h� = 1; whereas if y� � A, the global maximum is h� = 0:

1Calculating �2V (h)
�h2 and substituting for h0 is straightforward. However, the expression is lengthy and

reveals no additional insight. I therefore omit its exposition here.
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Proof. Recall that in (C.2) the term ���2y(y
� � ��) + �2�

�
(y� � ��)2 � �2y

�
alone deter-

mines the algebraic sign of the derivative, because the other terms are positive. It is

straightforward to show that

@V (h)

@h
> 0 on h 2 [0; 1] if y� � B

and
@V (h)

@h
< 0 on h 2 [0; 1] if y� � A:

Hence, the incumbent's optimal strategy is attained at the boundaries: h� = 1 if y� � B
and h� = 0 if y� � A: This establishes the lemma.

Lemma C.3 On h 2 [0; 1]; if A < y� < B, a unique cuto� ŷ exists such that if y� > ŷ
then h� = 1, whereas if y� < ŷ then h� = 0; and if y� = ŷ the incumbent is indi�erent

between h� = 1 and h� = 0:

Proof. From Lemma C.1 it is known that if the conjectured entry threshold belongs to

the interval A < y� < B; a unique local minimum h0 2 (0; 1) exists. This means that in
this interval, the (global) maximum of V is attained on the boundaries h� = 0 or h� = 1:

I prove existence and uniqueness of ŷ by examining the behavior of the di�erence in the

monopoly rent at the boundaries, V (y� j h = 0) and V (y� j h = 1) (see Figure C.2).

De�ne �V (y�) = V (y� j h = 1) � V (y� j h = 0). Note that ŷ solves �V (y�) = 0; which
cannot be done explicitly since no closed-form solution for ŷ exists. I therefore apply the

intermediate value theorem to establish the lemma.

Clearly, �V (A) < 0 and �V (B) > 0 from Lemma C.1. Therefore, according to the

intermediate value theorem, the continuous function �V (y�) must have at least one zero

on [A;B]: Since @�V (y�)
@y� > 0 for all y� 2 [A;B] (which I prove below), it follows that

�V (y�) has a unique zero.

First, di�erentiating �V (y�) with respect to y� yields

@�V (y�)

@y�
= f(y� j h = 1)y� � f(y� j h = 0)

���2� + y
��2�

�2� + �
2
�

;

and therefore proving @�V (y�)
@y� > 0 on [A;B] is equivalent to proving

f(y� j h = 1)
f(y� j h = 0)

y�
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2
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3
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���2� + y

��2�
� > 1:
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The solution is found by recognizing that e�x is an upper bound of 1
(x+1)2

on x 2 [0; 2]
and observing that 0 � (y����)2�2�

2�2�(�
2
�+�

2
�)
� 2 for y� 2 [A;B]: Then, for y� 2 [A;B];

e
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� 5
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> 1;

where the second line follows from using y� > �� and the third from (4.12) after some lines

of algebra. As a consequence, a unique solution ŷ 2 (A;B) exists such that �V (ŷ) = 0:
Hence, if y� > ŷ then h� = 1, whereas if y� < ŷ then h� = 0: By de�nition, y� = ŷ leaves

the incumbent indi�erent between h� = 1 and h� = 0. This establishes the lemma.

C.2 Proof of Proposition 4.2

By using (4.9) and (4.16), the incumbent's monopoly rent V in the mandatory hedge

disclosure regime is

V (y�(h); h) := �I

Z y�(h)

�1
E(� j y1; h)f(y�(h); h)dy1

= F (y�(h); h)� �I
�
�� � �2�

f(y�(h); h)

F (y�(h); h)

�
;

where F (y�(h); h) denotes the probability of remaining monopolist and �I

�
�� � �2�

f(y�(h);h)
F (y�(h);h)

�
denotes the value of incumbency conditional on y1 not exceeding y

�(h). Following the

decomposition proposed in (4.9), the total change in the monopoly rent V (y�(h); h) with

respect to h can be disaggregated into

dV (y�(h); h)

dh
=

dF (y�(h); h)

dh
� �I

�
�� � �2�

f(y�(h); h)

F (y�(h); h)

�
| {z }

>0 from (4.12)| {z }
\Probability E�ect"

+F (y�(h); h)| {z }
>0

� d

dh
�I

�
�� � �2�

f(y�(h); h)

F (y�(h); h)

�
| {z }

\Value E�ect"

:
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Proposition 4.2 follows immediately from showing that dV (y�(h);h)
dh

< 0 on h 2 [0; 1]: The
proof clearly involves two lemmas:

1. Lemma C.4: The probability of the incumbent remaining monopolist strictly de-

creases in the incumbent's hedging choice h; hence dF (y�(h);h)
dh

< 0:

2. Lemma C.5: The value of incumbency conditional on y1 not exceeding y
�(h)

strictly decreases in the incumbent's hedging choice h; hence
d
dh
�I

�
�� � �2�

f(y�(h);h)
F (y�(h);h)

�
< 0:

Both lemmas can be established as follows.2

Lemma C.4 The probability of the incumbent remaining monopolist strictly decreases in

the incumbent's hedging choice h; hence dF (y�(h);h)
dh

< 0:

Proof. Taking the total derivative of F (y�(h); h) with respect to h yields

dF (y�(h); h)

dh
=

@F (y�(h); h)

@y�(h)

dy�(h)

dh| {z }
\Strategic E�ect"

+
@F (y�(h); h)

@h

= f(y�(h); h)

�
��

2
�

�2�

�
K

1� �R
� ��
�
+
(y�(h)� ��)�2�

2�2y

�
= f(y�(h); h)

�2�
�2�

�
K

1� �R
� ��
�

| {z }
>0 from (4.3)

�
�1 + 1

2

�

< 0: (C.7)

The �rst term in the �rst line reects the incumbent's �rst-mover (i.e., Stackelberg leader)

position. This \strategic e�ect" results from the inuence of the hedging choice h on the

entry threshold and does not exist in the earlier analysis of unobservable hedging activity.

The second line follows from @F (y�(h);h)
@y�(h) = f(y�(h); h), dy�(h)

dh
= ��2�

�2�

�
K

1��R � ��
�
; and

@F (y�(h);h)
@h

= (y�(h)���)�2�
2�2y

f(y�(h); h); which follows along the lines from (4.14). The third

line substitutes y�(h) from (4.15).

2In what follows, I will omit the functional dependence of f(�) and F (�) on y�(h) and h for notational
convenience where possible.
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Lemma C.5 The value of incumbency conditional on y1 not exceeding y
�(h) strictly de-

creases in the incumbent's hedging choice h; hence d
dh
�I

�
�� � �2�

f(y�(h);h)
F (y�(h);h)

�
< 0:

Proof. Taking the total derivative of �I

�
�� � �2�

f(y�(h);h)
F (y�(h);h)

�
with respect to h yields

d

dh
�I

�
�� � �2�

f(y�(h); h)

F (y�(h); h)

�
= ��I�2�

df(y�(h);h)
dh

F (�)� dF (y�(h);h)
dh

f(�)
F (�)2 < 0 (C.8)

if the sign of the numerator in (C.8) is positive. This can be easily established by using
dF (y�(h);h)

dh
< 0 from (C.7) and

df(y�(h); h)

dh
=

@f(y�(h); h)

@y�(h)

dy�(h)
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+
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f(�)

> 0:

Observe that the second line follows from @f(y�(h);h)
@y�(h) = � (y�(h)���)

�2y
f(y�(h); h); dy�(h)

dh
=

��2�
�2�

�
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1��R � ��
�
and from using @f(y�(h);h)

@h
= ��2�((y�(h)���)2��2y)

2�4y
f(y�(h); h); which has been

derived in (C.3). The third line follows from substituting for (4.15). The threshold value

y� = K
1��R +

�2�
�2�

�
K

1��R � ��
�
follows from (4.15).
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C.3 A Formal Characterization of Positive Monopoly

Rents

In the following, I prove that the monopoly rent V is positive on h 2 [0; 1] if �� > ��;

which is equivalent to proving ��
�2�
> f(y�jh)

F (y�jh) :

Proof. Observe that f(y�jh)
F (y�jh) cannot be represented in terms of elementary functions. The

solution is found by recognizing an upper bound for f(y�jh)
F (y�jh) ; namely,

��1y
2

y����
�y

+

r�
y����
�y

�2
+ 4

>
f(y� j h)
F (y� j h) , for y

� > ��: (C.9)

Then, by utilizing y� � �� > 0 and �� > ��; it is straightforward to show that

��

�2�
> max

h2[0;1]
��1y

2

y����
�y

+

r�
y����
�y

�2
+ 4

=
2

y� � �� + ��
r�

y����
��

�2
+ 4

;

which establishes the claim. Inequality (C.9) follows from

2

x+
p
x2 + 4

>
'(x)

�(x)
; for x > 0

and

��1y
'(y

����
�y
)

�(y
����
�y
)
=
f(y� j h)
F (y� j h) ;

where '(x) denotes the pdf of the standard normal distribution and �(x) its cdf.
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