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PREFACE 

PPRREEFFAACCEE  
 

 

Finishing a Ph.D. dissertation is – taking a look at the dissertations of colleagues – 

almost equivalent to presenting metaphors, in order to describe the process of 

completing the study.  I will be no exception to this tradition.  Thinking back on my 

(academic and social) life as well as my hobbies and achievements, I would like to 

relate doing research to a specific area of sports:  jumping over bars.  Economists may 

call this a very specific subset in the area of sports, which is also the case for doing 

research on corporate risk management within the broad field of economic sciences. 

Jumping over 2.15m (or alternatively:  7 feet and 1 inch) without the use of 

cheating elements like pole vaults, trampolines, or dope, is a process that takes years 

of training.  Credits from the outside world easily go to the one who “completes the 

job”, being either the athlete or – in case of a dissertation – the Ph.D. student.  

However, to achieve such a goal in a more or less solitary environment, you need 

(quite) a little help and support from coaches, family and friends.  In the case of 

athletics:  your coach will help you to get better by changing major and minor details, 

whereas family and friends support you mentally, when mountains (bars) seem too 

high to be climbed (jumped).  The same holds for finishing a Ph.D. thesis:  it takes 

quite a few years of hard effort to finish the document – at least for the most of us.  

Despite the fact that the job is mainly done by the researcher him- or herself, support 

and help from others is important or, sometimes, even crucial. 

Within the academic context of the metaphor, I could never have finished this 

thesis without the support and inspiration of my supervisors Frans Tempelaar and 

Simon Benninga.  You have both trained me to think about relevant details and see 

opportunities to extend and improve existing literature, which resulted in the papers 

that lay the foundation for this dissertation.  Without your input, this thesis would 

never have been finished in the way it is.  Furthermore, I would like to thank Günther 

Franke, Jacob de Haan, and Ruud Koning for willing to participate as a member of my 
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manuscript committee.  Your thorough comments and suggestions definitely helped to 

improve my thesis in the final stages.  I also want to thank all my former colleagues at 

the University of Groningen.  Special words of thanks apply to Peter Smid (for getting 

me interested in doing research during my master’s thesis), Nanne Brunia (for loads 

of academic- and non-academic-related coffee talks), the secretaries office by means 

of Diana Kikkert, Janna van Dijken, and Netty Kempa (for great social interest), and 

Sebastiaan de Groot (for playing snooker and darts, for pleasant dinners before 

playing snooker and darts, for the cat, and – most importantly – for being a friend).  

Of course, I have also been stimulated by lots of people outside of the 

academic world.  Since I don’t want to run the risk of forgetting a single person (I am 

not as rational as people are assumed in this thesis), I will not name you all.  Two of 

you, however, are quite special to me.  I would specifically like to thank Richard van 

Delden and Frans Peter Posthumus for being great friends during the past, the present, 

as well as the future (I presume).  A special word of thanks applies to the both of you, 

for willing to perform as an active member during the defense of my thesis.  I greatly 

appreciate that you have accepted my request to become my paranymphs.  

Henk, Klaasje, Albert, and Anita:  it is not a lie for me to confess that over the 

last decade, you have become like family to me.  Thank you for the great, more than 

mental, support. 

To conclude, I would like to thank the most important people in my life.  My 

dear parents, you have always stimulated me to do whatever I wanted to do.  You 

raised me to the person I am today, by being there whenever I needed you.  I truly 

could not have wished for better parents.  Finally, Irma, thank you for the wonderful 

person you are.  During the latest years, you have spent too much time by yourself, 

because I had to work in the evening and during the weekend.  Without your 

flexibility, moral support, and love, we would not be here today.  In the future, I will 

definitely try to make up the sacrifices you made. 
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CHAPTER 1:  INTRODUCTION, BACKGROUND, AND MOTIVATION 

CChhaapptteerr  11    
  

IINNTTRROODDUUCCTTIIOONN,,  BBAACCKKGGRROOUUNNDD,,  
AANNDD  MMOOTTIIVVAATTIIOONN  

 

 

1.1 INTRODUCTION 

Over the last decades, risk analysis and corporate risk management activities have 

become very important elements for both financial as well as non-financial 

corporations.  Firms are exposed to different sources of risk, which can be divided 

into operational risks and financial risks.  Operational risks – or alternatively business 

risks – relate to the uncertainty regarding the firm’s investments and investment 

opportunities, and are influenced by the product markets in which a firm operates.  In 

addition to operational risks, unexpected changes in e.g. interest rates, exchange rates, 

and oil prices create financial risks for individual companies.  As opposed to 

operational risks, which influence a specific firm or industry, financial risks are 

market-wide risks that can affect the financial performance of companies in the whole 

economy.1  Both kinds of risk exposure can have substantial impact on the value of a 

firm.  In this context, we define corporate risk management as the process of trying to 

control the effect of these risk exposures on firm value. 

 
                                                           
1 Commodity price risk is often considered as a financial risk as well, despite the fact that this is a 

specific risk exposure for the industry in which a corporation operates.  That commodity price risk 
is usually qualified as a financial risk, is induced by the fact that there exist many derivative 
instruments in the financial markets with commodity prices as underlying assets.  This results in 
possibilities to efficiently transfer commodity price risk to other market participants. 
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There are several reasons to explain why corporate risk management has gained in 

popularity over the last decades.  The most important reason lies in the increased 

volatility of exchange rates, interest rates, and commodity prices, causing firms’ cash 

flows to become more uncertain.  Secondly, firms tend to focus more on their core 

business, which makes them less diversified.  As a consequence, the volatility of 

firms’ cash flows may increase.  A third reason for the growing importance of 

corporate risk management can be found in the globalization of business activities, in 

which competition has increased and profit margins have declined.  A final 

explanation we offer is the growing number of opportunities to manage risks.  Since 

the 1970s, there have been numerous financial innovations, including new financial 

products as mortgage-backed securities and derivative instruments such as options 

and swaps.  In addition to these financial innovations, new exchanges for futures, 

options, and other (complex) derivatives have been introduced and have become 

major markets, showing an explosion in trading volume and notional amounts 

outstanding.  As a consequence, risks such as exchange rate risks, interest rate risks as 

well as commodity price risks can nowadays be transferred quite efficiently among 

different market participants. 

 

Among others, Mason (1995) argues that firms engage in corporate risk management 

through insurance, diversification, and hedging activities.2  Buying insurance 
                                                           
2 In addition to these possibilities, there are other alternatives to manage risks.  For example, a 

firm’s choice of real production activities can also be used in managing risk exposures.  By 
moving production to the country in which products are sold, exposure to exchange rate risk can be 
decreased dramatically.  Furthermore, firm-specific risks can be reduced by geographical 
diversification, issuing hybrid securities like dual-currency and oil-indexed notes, as well as 
purchasing insurance.  Loss prevention and control, engaging in joint ventures, and the choice of 
technology, for instance, can all be implemented as a risk management tool for reducing 
production risks. 

 2



CHAPTER 1:  INTRODUCTION, BACKGROUND, AND MOTIVATION 

contracts implies transferring a risk exposure to an insurance company in exchange 

for the payment of a premium.  Insurance policies are usually employed to manage 

firm-specific risks like e.g. fire hazards.  Diversification means engaging in different 

business activities that are less than perfectly correlated, thereby reducing the 

volatility of a firm’s cash flows.  Hedging a risk exposure is usually done through 

buying or selling financial derivatives to mitigate the effect of a risk exposure. 

 

The standard literature on corporate risk management, which is analyzed in Chapter 2 

of this thesis, mainly focuses on the use of financial derivatives within firms’ risk 

management programs.  In general, derivatives can be used for hedging and 

speculation purposes.3 

Firms that hedge, use derivatives in order to reduce or eliminate the risks they 

face from possible adverse changes in certain risk exposures.  This is achieved by 

creating offsetting positions in derivative instruments.  Firms that speculate, on the 

other hand, apply derivatives in order to 1) increase the impact of risk exposures on 

firm value or 2) incorporate their market view into risk management programs.4  If 

managers of firms incorporate their personal view in the risk management decision, 

the total derivatives’ position may consist of a hedging part and a speculative part.5  

Stulz (1996) refers to this type of speculation as “selective hedging”.  In this thesis 
                                                           
3 In addition to hedging and speculation, derivatives can also be used for arbitrage purposes.  

Arbitrageurs take offsetting positions in different markets or instruments to lock in (risk-free) gains 
caused by market imperfections.  Since arbitrage is usually undertaken by professional financial 
parties like market makers and hedge funds, in this thesis we abstract from this motivation for the 
use of derivatives since our focus is on non-financial corporations. 

4 Several studies have documented that managers believe that they can create value for the 
shareholders by incorporating speculative elements into their risk management program (see e.g. 
Bodnar, Hayt, and Marston, 1998). 

5 Among others, Stulz (1996), Graham and Harvey (2001), and Brown, Crabb, and Haushalter 
(2002) discuss decision making based on market views. 
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corporate risk management comprises strategies to reduce risk as well as strategies for 

risk taking.6 

 In this dissertation, we concentrate on risk management behavior by non-

financial corporations, since managing financial risk exposures is not their core 

business. By managing financial risk exposures, non-financial corporations can focus 

primarily on business risks, which relate to their core business.  In contrast, by dealing 

in financial securities, financial institutions and financial intermediaries are by 

definition in the risk management business.  Merton (1989) even argues that a key 

feature of financial institutions is to bundle and unbundle different sources of risks.  

Financial institutions facilitate risk transfers in an increasingly complex area of 

financial instruments and financial markets;  risk management can be seen as a key 

area of business for financial institutions and intermediaries.  As a consequence, their 

motives for risk management are different from those of non-financial corporations.7 

 

 

1.2 APPROACH AND BACKGROUND 

The fact that individual firms are increasingly engaged in risk management practices, 

does not explain why this behavior can be rationalized.  Implicitly, the seminal work 

by Modigliani and Miller (1958) lays the foundation for the argument whether or not 

corporate risk management is relevant.  Modigliani and Miller (1958) show that, 
                                                           
6 Theories of corporate risk management mainly focus on hedging decisions by non-financial 

corporations.  In this thesis, we also provide rationales for why firms may increase risk exposures.  
Specifically, in Chapter 3 and 4 we show that it may be optimal to overhedge risk exposures. 
Although a rational decision, this may be qualified as speculation, since the exposure to a specific 
risk factor is increased – at least for certain states of the world.  Note that this does not necessarily 
mean that the firm’s net risk exposure is increased. 

7 For a discussion on risk management for financial institutions, see e.g. Saunders (1997) and 
Smithson (1998). 
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given complete and frictionless capital markets, the value of a firm is independent of 

the choice of its capital structure.  Based on arbitrage arguments, they show that 

individual investors can replicate the capital structure exposure of a firm through so-

called “home-made leveraging or de-leveraging”.  This analysis can easily be 

extended to risk management strategies, using similar straightforward arbitrage 

arguments.  If shareholders can costlessly replicate a firm’s financial risk management 

policy (“home-made risk management”), there is no use for firms to do it themselves.8  

As a consequence, from a shareholder’s point of view, both the choice of a firm’s 

capital structure as well as its corporate risk management decisions can only matter if 

capital markets exhibit some sort of imperfection.  In a pioneering article, Smith and 

Stulz (1985) provide theoretical rationales for why risk management at the firm level 

may exist.  The demand for risk management by individual firms can be motivated by 

relaxing some assumptions made by Modigliani and Miller (1958).  The reasons to 

engage in risk management at the firm level range from non-linearity of corporate tax 

rates, to costs of financial distress and agency problems (see Chapter 2).  Their 

approach has been well-accepted in the research on corporate risk management. 

 

The theory of the optimal choice under uncertainty has been applied to study risk 

management decisions from a different point of view (i.e., different from the 

framework provided by Modigliani and Miller).  Central in this line of research is the 

expected utility theory, introduced by Von Neumann and Morgenstern (1947).  The 

expected utility theory is a normative model that has dominated the theory of optimal 

                                                           
8 This result holds for all financial decisions.  See e.g. Miller and Modigliani (1961) for the 

irrelevance of a firm’s dividend policy. 
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decision making under risk and uncertainty.  In this model, risk-averse individual 

agents maximize the expected value of their utility function.9  A central and strong 

element in this line of research is that normative models provide rational procedures 

for how individual agents should make decisions.10 

 Baron (1970) and Sandmo (1971) are the first to study optimal production 

under uncertainty, given a risk-averse single owner of a firm, who maximizes a Von 

Neumann-Morgenstern utility function.11  They show that, for higher levels of 

uncertainty, optimal production decreases.  Their models have been extended by e.g., 

Danthine (1978), Holthausen (1979), and Feder, Just, and Schmitz (1980) to 

incorporate optimal hedging decisions as well.  A famous result is that, when 

production is non-stochastic, the well-known separation theorem applies.  Given the 

possibility of hedging with unbiased forward contracts,12 the optimal production 

decision is independent of the owner’s risk preferences and can be separated from the 

optimal hedging decision.  Furthermore, optimal risk management implies full 

hedging:  firms should hedge the price risk of production completely.  This model has 

been extended by numerous research to incorporate e.g. multi-period settings and 

multiple risk factors, and serves as the basis for our analyses in the Chapters 3 and 4. 

 

                                                           
9 In fact, utility maximization is more broad.  Agents can, of course, also maximize their expected 

utility under the assumption of risk-seeking behavior or risk neutrality.  In the economic literature, 
however, risk aversion is seen as a key element for the behavior of individual agents.  See e.g., 
Pratt (1964) and Arrow (1964). 

10 Descriptive models, as an alternative, intend to describe how agents make decisions, whether they 
might be rational or not.  See e.g., Kahneman and Tversky (1979) and Tversky and Kahneman 
(1986). 

11 In this line of literature, the production decision refers to the joint investment and operating 
activities of a firm. 

12 Unbiasedness implies that the current price of a financial contract equals its expected payoff.  We 
will discuss properties of unbiasedness in detail in Chapter 3 of this dissertation. 
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The theories presented above are designed to explain why risk management at the 

firm level may be undertaken.  Within the theory of corporate finance, firms are 

assumed to maximize shareholder value, in which managerial risk aversion is 

unimportant.  By imposing market imperfections, such as convex corporate taxes and 

costs of financial distress, specific costs are introduced for certain states of the world 

(see Chapter 2).  If a firm wishes to avoid these costs, it will behave as if it faces a 

concave objective function.  From this, it follows that the optimization problem for 

both the framework provided by Modigliani and Miller and the theory of optimal 

choice under uncertainty can be treated in a similar way.  In both cases, the decision-

maker faces a non-linear optimization problem, leading to a rational incentive to 

decrease the volatility of the firm’s cash flows.  In the case of utility maximization by 

a risk-averse manager, the objective function itself is concave, whereas in the case of 

the approach by Smith and Stulz (1985), market imperfections will cause the 

managers or owners of a firm to behave in a risk-averse manner. 

 

The existing literature on optimal risk management policies provides rationales for 

why individual firms should engage in corporate risk management strategies (see e.g., 

Smith and Stulz (1985) and Chapter 2 of this thesis).  That does not answer the 

question, however, how hedging should take place.  Should it be done by selling linear 

hedging instruments, such as forward contracts or, alternatively, by buying non-linear 

hedging instruments such as put options?  Furthermore, how much should firms 

hedge?  Is it rational to completely hedge certain risk exposures or should firms 

under- or overhedge?  Finally, do operational and hedging decisions interact, and if 

so, how do they interact? 
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In this dissertation we mainly build upon the theory of optimal choice in which both 

optimal production and hedging decisions are analyzed.  We have selected this 

approach because of the strong normative conclusions that can be drawn, in which 

optimal behavior can be specified.  From a theoretical point of view, we provide 

rational recommendations on the optimal choice of derivative instruments within 

corporate risk management policies at the firm level.  In our analysis, a key issue to 

explain a rational motive for risk management is the existence of market 

incompleteness. In this context, capital markets are defined as incomplete if the 

implicit private pricing systems, which are used by individual economic agents to 

value financial assets, differ from the equilibrium market pricing systems (i.e., the 

consensus in the market).  In this case, economic agents will, in general, disagree with 

the market about the pricing of financial instruments. 

 The previous arguments and assumptions are reflected in the main goal of this 

study: 

 

The main goal of this thesis is to extend the existing literature of 

corporate risk management to provide a better understanding of the 

interaction between optimal production and risk management decisions 

through the use of financial derivatives. 

 

In order to realize the goal, we define four research questions: 

1. Are optimal production and risk management decisions dependent on the type 

of derivative contract that can be used for risk management purposes? 
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2. Is it rational for firms to engage in full hedging, or should they over- or 

underhedge total price risk of production? 

3. Given the specific type of derivative contract and the optimal amount of 

production and risk management, is there separation between the optimal 

production and risk management decision? 

4. Do optimal production and risk management decisions change for different 

kinds of managerial compensation? 

 

 

1.3 OUTLINE OF THE THESIS 

The remainder of this thesis consists of four chapters.13  The purpose of Chapter 2 is 

twofold.  First of all, it provides a review of the literature regarding the possible 

rational motives for corporate risk management, which have been briefly introduced 

in Section 1.2.  Secondly, it serves as a background for the analytical studies in 

Chapter 3 and 4.  It is shown that market imperfections give rise to motives that may 

induce firms to engage in risk management policies.  The impact of market 

imperfections like exponentially increasing tax rates, costs of financial distress, and 

agency costs of debt will incur costs for the shareholders that can be eliminated or – at 

least – decreased by risk management strategies undertaken at the firm level.  

Furthermore, since the wealth of managers, which are hired to implement the optimal 

risk management policy, is often tied to the value and risk of the firm, managerial risk 

aversion may explain the corporate use of derivative instruments. 

                                                           
13  Note that the structure of this dissertation is essay-based, implying that the individual chapters can 

be read separately instead of subsequently.  Given this structure, relevant definitions and symbols 
are (re-)defined in each individual chapter. 
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 In Chapter 3, we develop a normative model of optimal corporate hedging and 

production decisions.  In this chapter, we first deal with the market conditions for the 

unbiasedness of derivative contracts, which is an ever recurring restrictive assumption 

in the optimal hedging literature.  We will show that restricting the probability 

distribution suffices for unbiasedness to hold and that, therefore, the standard 

assumption of risk neutrality is too restrictive.14  Furthermore, we will present the 

optimal production and hedging decisions of a competitive firm and show that, 

contrary to previous research, there is a hedging role for put options. 

 Chapter 4 studies the effect of the structure of managerial compensation on 

optimal production and hedging policies, employed at the firm level.  In the financial 

literature it is widely assumed that managerial compensation through call options 

gives rise to excessive risk taking since an increase in the volatility of the firm 

increases the value of managerial stock option holdings.  We will show that this is not 

necessarily true.  If the manager is compensated with at-the-money call options, 

hedging with unbiased forward contracts leads to the same optimal production and 

hedging decisions as if he were compensated with shares of stock.  However, if the 

manager of the firm can hedge with unbiased put options, optimal production and 

hedging decisions are not the same if he is compensated with either shares of stock or 

at-the-money call options.  It is optimal to hedge more of the risk exposure and to 

produce less than in the case of hedging with linear instruments. 

 Chapter 5, finally, concludes and summarizes this dissertation.  In this 

chapter, we review the results from the preceding chapters, discuss the relationships, 

                                                           
14 In the financial literature, unbiasedness is assumed to be possible only in risk-neutral and efficient 

markets.  In Chapter 3 we will show that these conditions are too restrictive. 
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and describe the contributions of this study to the literature on corporate risk 

management.  Furthermore, we discuss extensions for future research. 

 

 

 11
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CHAPTER 2:  AN OVERVIEW OF THE LITERATURE ON CORPORATE RISK MANAGEMENT  

CChhaapptteerr  22    
  

AANN  OOVVEERRVVIIEEWW  OOFF  TTHHEE  LLIITTEERRAATTUURREE  OONN  
CCOORRPPOORRAATTEE  RRIISSKK  MMAANNAAGGEEMMEENNTT** 

 

 

2.1 INTRODUCTION:  MOTIVES FOR CORPORATE RISK MANAGEMENT 

Financial risk analysis and corporate risk management are important activities within 

financial as well as non-financial corporations.  Firms are exposed to different sources 

of business and financial risks (risk exposures), which can affect the value of the firm.  

Business risks relate to the firm’s investments as well as its investment opportunities, 

whereas financial risks relate to the way these investments are funded.  As introduced 

in Chapter 1, corporate risk management is defined as the process of trying to 

influence the effect of these risk exposures on firm value.  Managing risk can come in 

two forms:  hedging a risk exposure is the process of trying to reduce the dependence 

of firm value on this risk exposure, whereas speculation means increasing the 

dependence on a risk exposure.  In this chapter, we will review the literature on the 

use of derivative securities to alter different risk exposures of a firm, like exposures 

from exchange rate risk, interest rate risk, or commodity price risk.15,16  A study by 
                                                           
*  An earlier version of this chapter has been published under the same title as a SOM Research 

Report in 2001. 
15  Overall derivatives usage has increased tremendously in recent years.  Data obtained from the 

Bank for International Settlements show that the outstanding amount of OTC-derivatives has 
increased with 70% from June 2001 till June 2003.  The total notional amount outstanding 
approximately equals $ 170 trillion in 2003. 

16 As argued in Chapter 1, the focus of this chapter is on non-financial corporations.  Financial 
institutions are both users and providers of financial derivatives and could, therefore, face other 
factors affecting its risk management strategy.  For an analysis on the relationship between 
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Rawls and Smithson (1990) shows that financial executives rank corporate risk 

management as one of their most important objectives, just behind minimizing 

borrowing costs and maintaining or improving the firm’s credit rating.  As this 

chapter shows, these three objectives are linked. 

 

Despite the growing popularity of corporate risk management, there is a broad 

discussion within the academic literature with respect to the possible contribution of 

corporate risk management to shareholder value.  Under the assumptions of the 

seminal work by Modigliani and Miller (1958), in which they assume a perfect capital 

market, financial decisions have no impact on the value of a firm.  Firm value is 

created by making profitable investments and the way these investments are financed 

(i.e., by issuing debt or equity) is completely irrelevant.  The financing policy only 

defines the way in which value is distributed among the different claimants. 

Central in the Modigliani-Miller framework is the idea that some well-defined 

assumptions hold.  Given perfect capital markets without information asymmetries, 

absence of taxes (or – alternatively – absence of discriminatory corporate and 

personal taxes) as well as non-existence of transaction costs, individual investors are 

always able to perfectly replicate the financial decisions made by the firm (in the case 

of Modigliani and Miller (1958):  the firm’s debt/equity decisions).  This causes the 

financial decisions undertaken at the firm level to be completely irrelevant, since 

individual investors can achieve the same profile by replication, so-called home-made 

leverage.  These irrelevance propositions can be extended to all financing decisions, 

                                                                                                                                                                      
corporate risk management and firm value for financial institutions, see e.g., Allen and Santomero 
(1998). 
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like a firm’s dividend or risk management policy.17  Given the same underlying 

stringent assumptions, then, based on arbitrage arguments, there is no use for 

corporate risk management in the idealized Modigliani-Miller world.  If shareholders 

want to alter their personal exposure towards certain risks, they can do it on their own, 

since all financial claims can be replicated perfectly by other financial instruments.  

Individual investors can therefore achieve the same risk-return profile by so-called 

home-made hedging. 

 

Within the field of corporate finance, it has been recognized from the beginning that 

the assumptions of the idealized Modigliani-Miller framework are not met in practice.  

Over the last three decades, many papers have been written about possible motives for 

risk management practices to be undertaken at the firm level.  The rationale behind 

the existence of corporate risk management is, in the first place, that it adds value to 

the firm in ways shareholders cannot achieve on their own.  If capital markets are 

perfect in the sense of Fama and Miller (1972, p 177), in which 1) there are no 

transactions costs, 2) there is equal access to financial opportunities by firms and 

individuals, and 3) investors perceive that there are always [perfect – CMO] 

substitutes for any securities of a firm, then individual investors can always replicate 

the financial decisions undertaken by the firm.  Any failure of the critical “equal 

access assumption” can lead to a preference for risk management at the firm level 

over risk management by individuals, implying that the rationale for corporate risk 

management can be motivated by market imperfections.  Relaxing the assumptions 

made by Modigliani and Miller, therefore, leads to the possible motives for the 

                                                           
17  See e.g., Miller and Modigliani (1961) on the irrelevance of a firm’s dividend policy. 
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existence of derivatives within corporate risk management programs since, given 

these relaxations, individuals cannot replicate the firms financial decisions.  For 

instance, Mayers and Smith (1982), Smith and Stulz (1985), Smith (1995), and Stulz 

(1996) show that hedging can increase firm value for three reasons:  1) hedging may 

add value in case a firm faces a progressive tax rate, 2) hedging may be beneficial 

when there are expected costs from financial distress, and 3) hedging can effectively 

mitigate agency problems.  These three motives can all be seen in the framework of 

shareholder value maximization.  This implies that, when the underlying market 

frictions exist, hedging may be a value-increasing strategy for a corporation.  As will 

be shown is this chapter, individual investors cannot achieve these cost reductions 

themselves leading to a rational reason for risk management to be undertaken at the 

firm level.  A fourth motive for the existence of corporate risk management is of a 

somewhat different category.  Among others, Smith and Stulz (1985), Stulz (1996), 

Tufano (1996), and Hentschel and Kothari (2001) argue that the risk attitude of 

managers may also explain the use of derivatives within the risk management 

program of a firm, if a manager’s personal wealth depends on firm value.  As will be 

shown in this chapter, when managerial expected utility is a concave function of firm 

value, managers will be inclined to reduce financial risks by hedging if their future 

wealth is a linear function of firm value.  However, if a manager’s future wealth is a 

convex function of firm value (e.g., when he is rewarded with call options on future 

firm value), this manager may be inclined to relatively higher risk-taking behavior 

(less hedging), because a larger volatility of the value of a firm increases his personal 

wealth. 
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The value of a firm can be influenced by, for instance, changes in exchange rates, 

interest rates, or commodity prices.  Therefore, a corporate risk manager must 

understand how the overall risk exposure of a firm is related to the different types of 

manageable risks.  It is very important that the exposures are quantified correctly, 

otherwise the hedge will lead to an inappropriate result.18  After the exposures are 

quantified, the possible hedging instruments must be chosen.  In order to hedge the 

different kinds of risk, firms can rely on a number of derivative instruments like, for 

instance, forwards, futures, swaps, over-the-counter options, exchange-traded options, 

structured derivatives, and hybrid debt.  As Smith, Smithson, and Wilford (1990) 

show, these so-called building blocks can be combined to construct any desired 

position which implies that, in theory, any risk exposure can be managed.  However, 

this is only possible under perfect capital markets with rational agents, which is, in 

practice, not the case.  So, in “the real world” it will be impossible to perfectly hedge 

every exposure.  Nevertheless, as this chapter will show, the motives for corporate 

risk management still hold. 

 

The purpose of this chapter is to give a critical review of the theoretical motives and 

determinants for the use of derivative instruments by non-financial corporations.  

Furthermore, we discuss the empirical findings regarding some important studies.  

The findings of this chapter will help to determine whether the theoretical motives are 

indeed observed in practice.  The remainder of this chapter is organized as follows.  In 

Section 2.2 it is shown that hedging can increase firm value if firms face a progressive 

                                                           
18  See Stulz and Williamson (1997) for an analysis of the identification and quantification of risk 

exposures. 
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tax function.  Section 2.3 relates to the benefits of hedging in situations of expected 

costs of financial distress.  In addition, Section 2.4 deals with the motive that the 

corporate use of derivatives can be used to mitigate suboptimal investment policies.  

The possibility that the risk attitude of managers may explain the use of derivatives in 

the risk management policy of a firm is analyzed in Section 2.5, after which Section 

2.6 contains an overview of some important empirical evidence on corporate risk 

management.  Section 2.7, finally, concludes with a summary. 

 

 

2.2 FIRST MOTIVE:  REDUCTION OF EXPECTED TAXES 

2.2.1 Theory 

Among many others, Mayers and Smith (1982), Smith and Stulz (1985), Rawls and 

Smithson (1990), and Stulz (1996) argue that hedging pre-tax income can increase 

firm value.  The line of reasoning is that this will only happen if the firm under 

consideration is liable to a progressive effective marginal tax rate (implying a convex 

tax function).19  The remainder of this section will show that, from the viewpoint of 

value maximization, hedging can reduce the firm’s expected tax liability by 

decreasing the volatility of its pre-tax income.  As a consequence, lowering the 

expected tax payments increases the present value of the firm. 

 

                                                           
19  Another tax motive for hedging (at the investor’s level) may lie in discrepancies between personal 

and corporate tax levels (See e.g., Farrar and Selwyn (1967) and Brennan (1970) for an analysis on 
the relevance of a firm’s dividend policy).  In this section, however, we focus on the value-
enhancing possibilities of hedging at the level of the firm and abstract from the individual investor 
who may attempt to maximize his income after taxes. 
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To illustrate the possible benefits of hedging earnings before taxes, we follow Smith 

and Stulz (1985), and assume a highly stylized one-period model in which there are 

only two possible future states of the world.  The firm’s pre-tax income in these two 

states of the world is given by either  or .  Furthermore, for now assume that the 

firm is an all-equity financed firm.20  The tax-consequences of hedging for the two 

possible states of the world are depicted in Figure 2.1.  The possible states of the 

world are ordered from “bad” states to “good” states. 

1Y 2Y

 
Figure 2.1:  The effect of hedging on the expected tax payments 

Pre-tax income

Tax liability

1Y 2Y[ ]E Y

UE T⎡ ⎤⎣ ⎦
[ ]E YT

F

HT

 

 

In Figure 2.1,  represents the firm’s pre-tax income at time 1 if state 1 occurs, 

whereas  implies pre-tax income at time 1, given state 2.  The expected income for 

1Y

2Y
                                                           
20  If the firm is an all-equity financed firm, we can abstract from tax deductions from financing.  Tax 

deductions complicate the analysis, but do not change the result of the advantages of hedging pre-
tax income.  See e.g., Smith and Stulz (1985). 
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the firm is given by [ ]E Y .  The possible corporate tax liabilities are given by the 

convex dotted line, exhibiting a strictly progressive tax rate.  Since the firm is obliged 

to pay corporate taxes, the expected time-1 tax liability, given the fact that the firm 

does not engage in a risk-management policy, is given by UE T⎡ ⎤⎣ ⎦ , which is the 

probability-weighted average of the taxes given state 1 and the taxes given state 2.  

Because the tax schedule is strictly convex  the corporate tax amount regarding 

expected pre-tax income <[ ]E YT UE T⎡ ⎤⎣ ⎦ .  The expected corporate taxes are therefore 

higher than the taxes regarding expected income. 

 Since the effective corporate tax payments, for the case that the firm does not 

hedge, are a strictly convex function of pre-tax income, the tax payments 

disproportionally increase in pre-tax earnings.  Therefore, a higher volatility of pre-tax 

earnings implies higher expected tax payments.  To explain this, consider the 

following situation.  If the firm does not hedge, its expected tax liability equals 
, which is the probability-weighted average of the taxes in state 1 and state 2.  

In the standard literature of finance, the world is usually assumed to be risk-neutral, 

implying that the prices of derivative instruments are unbiased.  Given the possibility 

of perfect hedging, the manager of a firm can make sure that pre-tax income is equal 

to 

UE T⎡ ⎤⎣ ⎦

[ ]E Y  since future income equals expected income given unbiasedness.21  As a 

consequence, the (certain) tax liability for this situation equals .  Because of the 

convexity of the tax schedule <

[ ]E YT

[ ]E YT UE T⎡ ⎤⎣ ⎦ ,22 and firm value increases by the present 

value of the savings on the tax payments.  However, a more realistic view of the 

                                                           
21  Unbiasedness of the forward price occurs under risk-neutrality or if restrictions on the probability 

distribution are assumed.  See Benninga and Oosterhof (2004); see also Chapter 3 of this 
dissertation. 

22  This can easily be shown applying Jensen’s inequality. 
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world makes this argument even stronger.  If we assume a world of risk-aversion, 

future certainty-equivalent income will be less than the expected income, that is, 

[ ]F E Y< .  If the firm can make sure that its future income equals F, the certain tax 

liability will be HT , which is even less than under the assumption of unbiasedness.23  

Summarizing, by hedging the pre-tax income perfectly, firm value will increase by the 

present value of the reduction in the expected tax liability. 

 

Suppose we now turn to a more realistic setting, in which more than two states of the 

world can occur.  Within this setting, if the firm does not hedge, the present value of 

the expected tax payments UE T⎡ ⎤⎣ ⎦  will be equal to 
1

N

j j j
j

q τ
=

Y⋅ ⋅∑ , in which  

{ }1 2, ,... Nq q q q=  is a vector of Arrow-Debreu state prices regarding state j, with 

{ }1, 2,...,j = N .24  jτ  is a vector of corporate tax rates regarding pre-tax income in 

state j.  If the firm is able to create a perfect hedge (i.e., the forward price is unbiased 

and future income equals [ ]E Y ), the present value of the tax payments HT  equals 

1

N

j j j
j

q τ
=

⋅ ⋅∑ Y , where jY  is a vector of (certain) income before taxes in case of a perfect 

hedge.  Since this hedge is perfect jY Y= 25 and, consequently, 

1

N
H

j
j

T Y qτ
=

= ⋅ ⋅∑ 1 f

Y
r

τ ⋅
=

+
, where 

1

1
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j
j

r
q

=

=

∑
 is defined as the risk-free rate of interest.  

Since 
1

(1 )
N

j j f
j

Y q Y
=

⎛ ⎞
= ⋅ ⋅ +⎜ ⎟
⎝ ⎠
∑ r , it follows that 

1 f

Y
r

τ ⋅
+

 =  
1

N

j j
j

q Yτ
=

⋅ ⋅∑ .  The difference 

                                                           
23  Note that in the standard literature, unbiasedness goes along with risk-neutrality.  In Chapter 3 of 

this dissertation, we will show that this assumption is too restrictive and, restricting the probability 
distribution, suffices for unbiasedness (see also Benninga and Oosterhof, 2004). 

24  The state price regarding state j, jq , can be defined as “the price today, of receiving one currency 
of payoff in the future, if and only if state j occurs”.  Thus, a state price can be seen as a risk-
adjusted discount factor. 

25  Henceforth, a bar will be used to denote a non-random parameter. 
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between the value of a hedged and an unhedged firm therefore equals 

1 1

 -  
N N

j j j j j
j j

q Y q Yτ τ
= =

⋅ ⋅ ⋅ ⋅∑ ∑ , which is positive.26  This implies that, if hedging is perfect 

and costless, firm value increases by the present value of the reduction in the expected 

taxes, i.e., 
1 1

N N

j j j j j
j j

q Y q Yτ τ
= =

⋅ ⋅ − ⋅ ⋅∑ ∑ .  If hedging is not costless, the difference 

between the value of a hedged and an unhedged firm will be the maximum amount 

shareholders are willing to pay for hedging.  It should be noted that the hedge does not 

necessarily have to be perfect in order to increase firm value (i.e., if the hedge is less 

than perfect, firm value will also increase but less than for the case of a perfect 

hedge).27  In this case, the present value of the expected tax liability equals 

, in which  is a vector of pre-tax incomes when the firm engages in an 

imperfect hedge.  Because hedging reduces uncertainty,  is less volatile than  

and, as a consequence, the expected tax payments will be lower.  Therefore, firm 

value increases by .  Thus, given the convexity of the tax 

schedule and costless hedging, the expected value of the tax liabilities depends on the 

effectiveness of the hedge, and lies somewhere in between the perfect hedge and the 

no-hedge case. 

1

N

j j j
j

q τ
=

⋅ ⋅∑ Y

Yτ

                                                          

jY

jY jY

1 1

N N

j j j j j j
j j

q Y qτ
= =

⋅ ⋅ − ⋅ ⋅∑ ∑

 

Given the analysis above, it should be clear that hedging can raise firm value if it is 

possible to reduce the expected amount of tax liabilities.  Then the next question 

might be:  “How much should a firm hedge?”.  The preceding analysis implies that, if 

 
26  This is implied by the definition of a concave function. See also footnote 22. 
27  In an imperfect hedge, cash flows are still uncertain, but they are less volatile than without 

hedging. 
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costless hedging is possible, firms facing a strictly convex tax schedule should hedge 

all the risk of pre-tax income.  This is not necessarily the case when hedging is costly.  

If the present value of the expected tax reduction is larger than the costs of hedging, 

firms should also hedge all the risk of pre-tax income.  If this is not the case, firms 

have to look at the marginal trade-off between the reduction in expected taxes and the 

costs of hedging.  Of course, the optimal hedge ratio is calculated by the point where 

marginal benefits of hedging equal the marginal costs.  Thus, if the use of derivatives 

is not costless, firms’ hedge ratios should vary between zero and 100%. 

 

2.2.2 Empirical implications 

The possible advantages of hedging pre-tax income rely on a number of factors.  First 

of all, the more convex the effective marginal tax schedule, the greater the possible 

benefits from hedging pre-tax earnings.  The convexity of the tax schedule is extended 

by tax preference items such as investment tax credits, tax loss carrybacks, and tax 

loss carryforwards.  Investment tax credits (ITC’s) offset a stated maximum fraction 

of a corporation’s tax liability.  The major effect of ITC’s is to shift the effective tax 

structure down to reflect the value of the tax credit.  Tax loss carrybacks and tax loss 

forwards decrease the tax liability because profits in one year can be offset by losses 

in another year.  This induces the marginal tax schedule to become convex over a 

larger region, which increases the potential benefits of hedging.  Firms with more tax 

preference items are therefore more likely to hedge their pre-tax income.  A second 

rationale for hedging is that the more volatile the pre-tax income stream, the greater 

the possible advantages of hedging.  Finally, hedging pre-tax income is induced by the 

probability of encountering in the convex part of the tax schedule.  Because small 
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firms are expected to have lower earnings before taxes, they are more likely to be in 

the progressive region of the tax schedule.  As a consequence, small firms are more 

likely to hedge pre-tax income.  Therefore, it is hypothesized that small firms with tax 

preference items and a relatively high volatility of income-before-taxes, can be 

expected to gain most from hedging pre-tax income. 

With respect to the size of the firm, however, it can be argued that, if the 

expected gain from hedging pre-tax income depends on transaction costs, larger firms 

are expected to gain more from hedging because transaction costs usually exhibit 

economies of scale.  Furthermore, and maybe even more important, larger firms are 

probably in a better position of bearing the costs of setting up a risk management 

program and contracting capable employees.  In this case, larger firms can be 

expected to enter into hedging activities more often.  Thus, theory cannot predict a 

clear relation between firm size and hedging activities.  The empirical evidence on 

firm size is presented in Subsection 2.6.6. 

 

 

2.3 SECOND MOTIVE:  REDUCTION OF EXPECTED COSTS OF FINANCIAL 

DISTRESS 

2.3.1 Theory 

The second motive for hedging at the firm level relates to situations in which there are 

expected costs of financial distress.  Among others, Mayers and Smith (1982), Smith 

and Stulz (1985), Froot, Scharfstein, and Stein (1993), and Nance, Smith, and 

Smithson (1993) show that hedging may increase firm value, given the possibility of 

financial distress with – more importantly – costs associated with financial distress.  
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According to Rawls and Smithson (1990), the expected costs of financial distress are 

driven by two factors: 1) the probability of encountering financial distress if the firm 

does not hedge, and 2) the costs imposed by a possible bankruptcy.  These costs can 

be substantial, not only because of the direct costs of a bankruptcy (e.g., legal costs of 

lawyers) but especially because of the indirect costs.  First of all, suppliers of the firm 

will offer less attractive payment conditions if a firm is engaged in financial problems.  

Secondly, signs of financial distress will lead to decreases in sales since this is an 

indication to customers that service and warranties may cease in the future (loss of 

reputation).  Thirdly, (new) employees will demand higher salaries since they run the 

risk of losing their job and, therefore, future income. 

 

In order to analyze the value-enhancing effects of hedging with respect to a reduction 

in the expected costs of financial distress, we again follow Smith and Stulz (1985) and 

assume a one-period model in which there are two possible future states of the world.  

For simplicity, we abstract from corporate tax payments (i.e., we set 0cτ = ).28  Future 

income in the two states of the world is again given by  and , in which income  

is assumed to be income before direct costs of financial distress.29  The firm has 

issued a zero-coupon bond, with a principal equal to B.  Furthermore, assume that this 

debt obligation matures at a single time 1.  At time 1 all cash flows are paid to the 

different claimants.  If income  is below B, bankruptcy is declared, in which 

shareholders receive nothing whereas bondholders receive income minus the costs of 

1Y 2Y jY

jY

                                                           
28  If we would include taxes in the analysis it would complicate the analysis.  However, the basic 

message will be the same.  In fact, shareholder value would increase even further if the firm can, 
by decreasing the possibility of default, simultaneously increase its debt level.  A higher level of 
debt increases the tax shield and thereby adds to shareholder value. 

29  So, the cash flow paid to the claimants will be lower in the case of financial distress, because costs 
of financial distress have to be paid first. 
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bankruptcy.  If future income exceeds B, bondholders are fully repaid.  Shareholders 

receive income minus the payment to the bondholders.  Assume the states of the 

world are ordered such that 1Y B Y2< < , implying bankruptcy is declared if state 1 

occurs.  The consequences of hedging on the expected costs of financial distress are 

shown in Figure 2.2, in which the expected costs of financial distress are given by 

[ ]E C .  The dotted line represents the (direct) costs of financial distress. 

 
Figure 2.2:  The effect of hedging on the expected costs of financial distress 

 

Income 

Costs of 
financial distress 

[ ]E C

[ ]E YB 2Y1Y

 

If the firm decides not to hedge, current firm value  equals 0V ( )1 1 1 2q Y C q Y2⋅ − + ⋅ , 

where  represents the state price regarding state j, with jq { }1, 2j = . As an alternative, 

given the possibility to engage in a perfect hedge in which future income is larger than 

the obligations to the bondholders, financial distress and – consequently – costs of 
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financial distress will be avoided.  The necessary condition for not entering into 

financial distress is that the future income in all states of the world has to exceed the 

promised payment to the bondholders.  Given costless and perfect hedging, firm value 

increases by the present value of the expected costs of financial distress, i.e., firm 

value increases to 0 0 1V V q C= + ⋅ 1 , where 0V  is the current firm value in case of a 

perfect hedge.30 

 If we, again, turn to a more general setting in which there are N states of the 

world, the present value of the expected costs of financial distress equals , 

with M states of the world with associated costs of financial distress.31  If perfect 

hedging can avoid bankruptcy, firm value will be equal to 

1

M

j j
j

q C
=

⋅∑

( )
1 11

N N
j

j j j
j jf

Y C
q Y C q Y

r= =

−
⋅ − = = ⋅

+∑ j∑ , since 0jC =  for all states of the world.  This 

implies that firm value increases by 
1

M

j
j

q C
=

j⋅∑ , which is the present value of the 

expected costs of financial distress.  If this perfect hedge cannot avoid bankruptcy, it 

may still be the best policy for the firm to hedge.  As long as the present value of the 

costs of financial distress, , is larger than its certain distress cost equivalent, 
1

M

j
j

q C
=

⋅∑ j

1 f

C
r+

, it will still be optimal for the firm to hedge, even though this will result in 

bankruptcy.32, 33  The bondholders become the new owners of the firm, and some 
                                                           
30  Note that if the firm does not hedge, there are also indirect costs of financial distress because of the 

current possibility of a bankruptcy.  If hedging can avoid bankruptcy, the increase in firm value 
will be even larger since indirect costs of financial distress will also be avoided.  For instance, 
lower contracting costs and higher sales will increase future income and, thereby, firm value. 

31  Note that state 1 M N< < .  So, 
1 1

<
M N

j j
j j

q q
= =
∑ ∑ . 

32  Note that this is a specific situation in which the best solution is that managers act in the interest of 
the firm as a whole, and not in the interest of the shareholders.  Since firm value is increased by a 
certain bankruptcy, shareholders may be compensated by the bondholders.  The saved costs of 
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expected costs of financial distress will be avoided.  If it is impossible to create a 

perfect hedge, the present value of the expected costs of financial distress is equal to 

, where  equals the cost of financial distress regarding the hedged income 

.  For this case, there are S states of the world with associated costs of financial 

distress.  Because the hedge is not perfect,  still exhibits some volatility, but the 

variation in income is less than .34  Given hedging, the increase in firm value is 

, which equals the present value of the saved expected costs of 

financial distress for some states of the world. 
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j
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Concluding, if costless hedging can decrease the expected costs of financial 

distress, it will increase firm value. However, if hedging is costly, firms should, again, 

consider the marginal trade-off between the benefits of hedging (i.e., the reduction in 

expected costs of financial distress) and the costs of hedging. 

 

2.3.2 Empirical implications 

From the preceding theoretical analysis, it follows that if hedging can lower the 

expected costs of financial distress, it will increase firm value as long as hedging is 

not too expensive.  Warner (1977) indicates that smaller firms deal with relatively 

high costs of financial distress (i.e., especially the indirect costs of financial distress 

 
financial distress may be divided by both parties.  However, agency problems complicate the 
situation.  See Section 2.4. 

33  Note that this results also holds if a less than perfect hedge cannot avoid a bankruptcy with 
certainty.  In this case, there is a specific subset of states of the world in which the firm goes 
bankrupt.  See footnote 34. 

34  Note that there are less (i.e., M-S+1) states of the world with costs of financial distress.  As a 

consequence . ∑∑∑
===
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are disproportional to firm size, implying a higher impact on smaller firms).  This 

implies that, from a theoretical point of view, small firms are more likely to hedge.  

Because the possibility of a bankruptcy is larger when firms have more fixed claims, 

then, ceteris paribus, firms with higher levels of debt are also more likely to hedge.  

Furthermore, the probability of encountering a situation of financial distress is 

extended if a firm’s income is highly volatile or if it has a lower credit rating.  So, 

small firms with higher debt ratios, lower credit ratings, and a volatile income stream 

are expected to gain the most from hedging.  However, if smaller firms face higher 

costs of hedging, they are less inclined to hedge.  Again, like in Section 2.2, there is 

no clear prediction whether or not smaller firms should hedge more or less than larger 

firms.  Empirical research should provide evidence whether the hypothesis of 

reductions in tax payments and costs of financial distress, or economies of scale 

explains hedging activities. 

 

 

2.4 THIRD MOTIVE:  REDUCTION OF AGENCY COSTS OF DEBT 

2.4.1 Theory 

Hedging can be a value-increasing strategy if it mitigates suboptimal investment 

policies, thereby reducing agency costs of debt.  This suboptimality (i.e., the agency 

costs of debt) can result from adverse selection, induced by specific risk-sharing 

relations between financing participants in financially-distressed firms.  Usually, the 

adverse selection problem comes in two forms. 
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The first one is the so-called underinvestment problem in the case of debt 

overhang (see e.g. Myers, 1977).35  Myers shows that investment opportunities can be 

seen as options.  The management of a firm in financial distress (acting in the interest 

of shareholders) may give up some of the profitable investment opportunities, because 

the shareholders have to pay for the investment, whereas the gains accrue primarily to 

the bondholders.  Forgoing these investment opportunities is a rational decision if too 

little of the value of the potential new investment goes to the shareholders.  Thus, 

although the investment is a project with an overall positive net present value (NPV), 

from the viewpoint of the shareholders the NPV may be negative, since they have to 

pay for the whole investment.  Shareholders, acting in their own interest, will wish to 

forego these investment opportunities, which causes overall firm value to decline. 

 The second form of adverse selection is called the risk-shifting problem, 

essentially introduced by Jensen and Meckling (1976).  With risk-shifting, a firm’s 

management may engage in risky investment opportunities with a negative NPV, 

because potential gains accrue to the shareholders whereas the potential losses are 

borne by the bondholders. 

 Rational bondholders anticipate this opportunistic behavior, which induces 

them to protect themselves by increasing the required rate of return.  Furthermore, 

bondholders can  impose debt covenants, which put restrictions on the investment and 

financing policies.  These covenants are value-reducing since the managerial degrees 

                                                           
35  Froot, Scharfstein, and Stein (1993) provide an alternative explanation for underinvestment, in 

which risk management can increase shareholder value by harmonizing financing and investment 
policies.  When raising external capital is costly (i.e., debt and equity financing is associated with 
agency as well as transaction costs, causing the marginal cost schedule to increase), firms may 
underinvest.  Risk management can mitigate the underinvestment problem since it ensures the 
availability of more internally-generated cash, which can be used to undertake investment 
opportunities, even in the bad states of the world. 
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of freedom are decreased.  If hedging can mitigate the debtholders’ expected 

opportunities of being expropriated, it will reduce the cost of debt financing, which 

increases firm value.  In this context, it is important that the firm has to credibly 

precommit on a hedging strategy in order to reduce the agency costs of debt.  The 

effects of hedging on the agency costs of debt are shown in Figure 2.3.36  The analysis 

is adapted from Bessembinder (1991). 

 
Figure 2.3:  The effect of hedging on the underinvestment problem 
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36  Note that the example is based on the underinvestment and not on the risk-shifting problem.  

However, reducing the underinvestment problem also reduces the risk-shifting problem.  If 
hedging shifts individual default states to non-default ones, it can increases the number of future 
states in which the equity-holders are the residual claimants.  Therefore, a larger fraction of 
benefits from investing (i.e., a larger percentage of the NPV) accrues to the equityholders, which 
will make them less inclined to underinvest.  Furthermore, a larger fraction of the costs of 
investing in high-risk, negative NPV projects accrues to the shareholders.  Therefore, shareholders 
are also less likely to engage in risk-shifting behavior. 
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Assume the firm has issued a zero-coupon bond with a principal equal to B.  Suppose 

this debt obligation matures at time 1.  Furthermore, suppose initial income is strictly 

and linearly increasing in the different future states of the world and presented by the 

line .  Bankruptcy will be declared if income is less than B, which happens for 

states of the world to the left of state .37  Suppose the firm has an investment 

opportunity, which results in an incremental future income I.  This investment 

opportunity has to be financed by the shareholders.  If the firm decides to invest, 

future state-contingent income shifts up to the line , where .  In the 

absence of agency costs, firm value would increase to 
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 is the current cost of investing.  However, part of the increase in firm value 

accrues to the bondholders; i.e., 
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⋅ ⋅∑ , where jλ  is the proportion of 

incremental income going to the bondholders.38  This value is given by the vertically-

shaded area in Figure 2.3.  Thus, the incremental value for the shareholders equals 

, which will be the maximum amount 

shareholders are willing to pay for the investment.39  Because only part of the 

incremental value accrues to shareholders, they will be inclined to underinvest since, 

for them, some overall positive NPV-projects have a negative NPV.  This is the case 

for investments for which 
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37  The states are ordered from ‘bad’ states of the world to ‘good’ states of the world. 
38  For  1 j M≤ ≤ 1jλ = .  For M j C< < , 0 j 1λ< <  and monotonically decreasing.  For , j C≥

0jλ = . 
39  Remember that the shareholders have to pay for the whole investment.  However, only part of the 

NPV  accrues to them. ( )1
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j M

q λ
=

⎛ ⎞
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⎝ ⎠
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able to hedge future income perfectly.  As a consequence, assume that by hedging 

perfectly, future income becomes state-independent at level Y .  If the firm decides to 

invest, this level will shift up to IY .  Bondholders are certain to be completely repaid 

implying that the full incremental value of the investment goes to the shareholders.  

The underinvestment as well as the risk-shifting problem disappears, which reduces 

the agency costs of debt to zero.40 

If it is, contrary to the previous analysis, not possible to create a perfect 

hedge, future income in different states of the world is assumed to be given by the 

line .  The investment shifts this line up to .  Bondholders will be repaid in all 

states of the world greater than 

jY I
jY

DS .  The value of the investment accruing to the 

bondholders now equals 
1

S

j j
j

q λ
=

I⋅ ⋅∑ , where jλ  is the proportion of incremental 

income for the bondholders in case of an imperfect hedge.41  In Figure 2.3, this value 

is represented by the horizontally-shaded area, and is less than in the no-hedging case; 

i.e.,  
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.  Since 

shareholders now gain more from the investment, they are more likely to invest, 

thereby reducing the underinvestment problem.  This will induce bondholders to 

lower the required rate of return on their loans.  Firm value is increased because 

agency costs are reduced. 

 
40  Both underinvestment as well as the risk-shifting problems are completely eliminated.  See 

footnote 36. 
41  Note that for , Dj ≤≤1 jλ

~ =1.  For SjD << , jλ
~ < 1 and monotonically decreasing.  For , Sj ≥

jλ
~ =0. 
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The preceding analysis implies that reducing agency costs can only be done if 

hedging effectively switches some individual future default states to non-default 

states, thereby increasing the total number of non-default states.  As a result, the 

number of future states in which the debtholders will not be paid is reduced, which 

induces the value of debt to be less sensitive to the value of incremental investments.  

Therefore, shareholders gain more from additional investments, which increases their 

willingness to provide funds for projects with a positive NPV.  Furthermore, because 

shareholders will potentially lose more if they invest in high-risk projects, the risk-

shifting problem will also be reduced.  The net effect of hedging is that bondholders 

will require a lower rate of return, which adds value to the firm.  Since, by hedging, 

shifting default-states to non-default states of the world can be achieved at the firm 

level only, shareholders cannot do this by home-made hedging (i.e., individual 

investors cannot replicate the firm’s decisions).  Given this setting, hedging only adds 

value if it is undertaken at the (corporate) firm level. 

 

2.4.2 Empirical implications 

Both the underinvestment as well as the risk-shifting problem is more pronounced in 

Myers’ (1977) case of debt-overhang.  As a result, firms with high financial leverage 

are more likely to use derivatives in order to reduce the volatility of the firm, thereby 

increasing firm value.  Furthermore, since firms with more growth options in their 

investment opportunity set are more likely to suffer from agency problems, these 

firms have a greater incentive to undertake a hedging program to reduce the volatility 

of the firm’s cash flow.  Growth options are usually estimated by the market-to-book 

value.  So, it can be expected that firms with a higher market-to-book ratio more 
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frequently use derivatives to hedge their risks.  Furthermore, firms spending a 

relatively large amount on research and development (R&D) are expected to 

experience more growth in the future.  Therefore, firms with higher expenditures on 

R&D should more frequently use derivatives to hedge the volatility of firm value.  

From the preceding arguments, we can hypothesize that highly-levered firms with a 

relative large amount of growth options are expected to gain the most from hedging, 

since hedging reduces their agency costs of debt. 

 

 

2.5 FOURTH MOTIVE:  MANAGERIAL UTILITY MAXIMIZATION 

2.5.1 Theory 

The three motives for corporate risk management, as discussed in the Sections 2.2 

through 2.4, are based on maximizing shareholder value.  The fourth argument to 

explain the existence of corporate risk management belongs to a different category, 

because it is based on managerial utility maximization.42  Among others, Stulz (1984), 

Smith and Stulz (1985), and Tufano (1996) argue that managerial risk attitude can 

explain the corporate use of derivatives, if a manager’s expected utility depends on 

the distribution of future firm value.  Corporate risk management changes the 

distribution of future firm value and, as a consequence, a manager’s expected utility.  

This aspect is even more pronounced because managers are relatively undiversified 

since most of their wealth is tied to the firm.  As a consequence, they may be 

                                                           
42  In the Sections 2.2 through 2.4, managers are supposed to act in the interest of shareholders.  In 

this section, managers act in their own interest. 
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particularly interested in pursuing their personal preferences instead of creating 

shareholder value.43 

 

Following the previous sections, we assume a one-period model in which an all-equity 

firm’s income at time 1 will be paid to the shareholders of the firm.  Furthermore, 

assume that the firm is not obliged to pay corporate taxes, implying that cτ  is set to be 

zero.  Finally, suppose that the manager, who is responsible for the hedging policy, is 

strictly risk averse such that his expected utility is a strictly concave function of his 
future consumption, i.e., , with ( )jE U c⎡⎣ ⎤⎦ ( ) 0jU c′ > , and ( ) 0jU c′′ < , where  

denotes managerial consumption in state j.  Suppose the manager’s utility is 

completely tied to the value of the firm because his total wealth consists of  shares 

of stock.44  The manager’s expected consumption equals 

jc
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where jπ  is the probability that state j occurs and  represents the according stock 

price of the firm.  If firm value is hedged perfectly 
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Since the utility function is strictly concave, it follows from Jensen’s inequality that 

the utility of the expected consumption is larger than the expected utility of 
consumption, i.e., ( ) ( )jU E c E U cj

⎡ ⎤⎡ ⎤ >⎣ ⎦ ⎣ ⎦ .  Utility will be maximized if firm value is 

hedged completely.45  However, this argument only holds if the forward price is 

assumed to be unbiased.46  If this is not the case, the manager has to give up some 
                                                           
43  Note that also non-monetary items such as reputation, awards, and promotion can be important to 

managers.  See e.g. the pathbreaking paper by Jensen and Meckling (1976) on agency costs.  If 
managers own a fraction of the shares of the firm, this partial ownership may cause them to work 
less hard and consume more perquisites since the other owners bear (the biggest) part of the costs.  
Adequate compensation structures may mitigate these agency costs of equity. 

44  We assume that the manager is not allowed to trade company stocks in the capital market. 
45  For a formal proof, see Theorem 3.2 in Chapter 3 of this dissertation. 
46 For an analysis of unbiasedness, see Chapter 3.  See also footnote 21. 
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future income by hedging, since the hedged consumption will be less than the 

expected consumption.  The manager will have to make a trade-off between the loss 

in wealth, and the decrease in uncertainty.  So, if a manager’s wealth is largely and 

directly tied to firm value, he will be inclined to reduce financial risks by hedging and, 

under some circumstances, will hedge completely. 

 Suppose now that a manager earns a basic wage W  and is, in contradiction to 

stock compensation, additionally rewarded a total number of  call options on the 

future stock price of the firm.  For this case, his total time-1 consumption equals 

Cn

j S jc W n V X
+

⎡= + ⋅ −⎣ C ⎤⎦ , where CX  is the exercise price of the call options.  Being 

awarded call options will make the manager’s payoff a convex function of firm value.  

As option theory shows, a higher volatility makes options more valuable,47  which 

causes the manager to face a trade-off when hedging the firm’s exposure.  On the one 

hand, hedging is utility-enhancing since he is risk averse, whereas, on the other hand, 

hedging will make the calls less valuable since the volatility of firm value is 

decreased.  Combining these two determinants, the manager is expected to hedge less 

if he obtains call options in his compensation plan as compared to being rewarded in 

shares of stock.  More specifically, it may be in the manager’s interest to increase risk 

since he is downside-protected by his basic wage, but profits from the upside potential 

by effectively exercising the call options.  Therefore, even though the manager is risk 

averse, he will be inclined to relatively higher risk-taking behavior because a higher 

volatility of the firm may increase his personal utility of wealth.  Of course, the degree 

of derivatives’ use depends on a number of factors.  It can be expected that managers 

hedge less if 1) they have a relatively large amount of call-option features in their 

                                                           
47  See e.g., Black and Scholes (1973). 
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bonus schemes, 2) the options are at-the-money, since, in this case, they are most 

sensitive to changes in volatility,48 and 3) the manager is less risk-averse. 

 

In this section, managers act in their own interest instead of in the interest of 

shareholders.  The previously mentioned compensation schemes will probably not 

cause managers to act in the interest of shareholders.  Of course, managerial utility 

maximization can be linked to shareholder value maximization through proper 

management compensation schemes.  By establishing an adequate compensation 

contract, shareholders may provide effective incentives for proper risk-taking 

behavior of management, which results in value-maximizing decision making.  

However, due to information asymmetry, incomplete contracting, and agency 

problems between shareholders and management, this might be a difficult, if not 

impossible, task (see e.g., Jensen and Meckling, 1976). 

 

2.5.2 Empirical implications 

Maximization of management utility depends on the way personal wealth is linked to 

firm value.  If a manager owns a significant fraction of the firm, he can be expected to 

hedge more of the firm’s risks.  As a consequence, this gives an incentive for closely-

held corporations to engage in hedging more frequently, since the managers/owners of 

these corporations do not hold well-diversified portfolios.  Therefore, assuming risk 

aversion, they have incentives to reduce the volatility of firm value.  As a 

                                                           
48  Note that if the options are far in-the-money (i.e., the delta is approximately 1) and the time-to-

maturity is relatively short, the manager’s payoff will again be a linear function of firm value.  
Then, risk-averse managers will be inclined to hedge more, since the option behaves like a stock.  
If the options are far out-of-the-money, the manager’s total payoff behaves like a zero-coupon 
bond, which is also insensitive to changes in volatility. 
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consequence, one may expect closely-held firms to engage in hedging programs.  For 

publicly-held firms this need not be the case.  The risk management program depends 

on the managerial incentive schemes and performance measures.  If the manager is 

compensated in such a way that his income linearly depends on the value of the firm, 

one may expect the firm to hedge.  However, the more call-option-like features in the 

incentive scheme, the less the manager is expected to hedge.  As a matter of fact, it 

may be advantageous for managers to increase the firm’s financial and business risks. 

 

 

2.6 EMPIRICAL EVIDENCE ON CORPORATE RISK MANAGEMENT 

ACTIVITIES 

2.6.1 Introduction 

Several recent articles present empirical evidence on corporate risk management 

activities undertaken by non-financial corporations.  In attempting to identify the 

importance of the various explanations for corporate risk management, three 

approaches have been used:  survey analysis, regression analysis, as well as 

simulation analysis. 

 Survey analysis can greatly contribute to the understanding of empirical firm 

behavior, in particular when it comes to its qualitative dimensions.  The goal of 

survey analysis is to provide a detailed description of derivatives usage and the 

motives for engaging into risk management practices.  However, a potential problem 

with survey analysis is that some firms might view the information requested in the 

survey as proprietary.  Furthermore, management might, for example, be reluctant to 

admit in a survey that it employs derivatives to speculate rather than for hedging 
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purposes.  Some of these expected biases might be circumvented through 

sophisticated use of regression analysis.  However, regression models do have some 

inherent explanatory limitations.  A potential weakness of cross-section regression 

analysis stems from the fact that it might require the selection and specification of 

intervening variables or proxies for relevant firm characteristics.  Furthermore, the 

derived regression coefficients are based on past information and may not hold for the 

firm (or the set of firms) in the future.  In case there are several risk factors acting 

simultaneously, one needs to obtain the joint distribution of these factors, 

incorporating their covariation.  If the relationship between firm value and the 

different risk factors can be analyzed, it is possible to use this analysis in a Monte 

Carlo simulation.  An advantage of simulation analysis is that it does not assume the 

future to be similar to the past, and it can deal with any kind of non-linearity and path-

dependency. 

 

This section gives an overview of some evidence about corporate risk management by 

survey, regression, and (Monte Carlo) scenario analyses.  The empirical findings 

regarding scenario analysis, however, are rather limited.  To date, only a paper by 

Graham and Smith (1999) and one by Graham and Rogers (2002) discuss the tax 

advantages of hedging.  The results from regression analysis are summarized in Table 

2.1.  Most studies concern firms from the U.S. and focus on exchange-rate, interest-

rate, and commodity price risk.  These results, as well as the results from survey and 

Monte Carlo analysis, are discussed in the following subsections.  The different 

survey studies that will be discussed are presented in Table 2.2. 
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Table 2.1: Empirical evidence for regression studies on corporate risk 

management 
Expected

sign
NSS1 Mian2 BB3 FCC5 GMS6 HH7 AO8

Expected taxes
Tax loss carryforwards +    -    -*** +** + -** + + +
Tax credits + +*** +*** +** +
Income in progressive region + +** -*** +** 

Costs of financial distress
Leverage + - +*** + + + -* +*** +
Interest coverage ratio - - - -* -

Agency costs
R&D-to-value or sales + +** +* +*** +** 

Market-to-book value + - -** - +*** -
Earnings-to-price - +***

Asset growth-to-cash flow + -
PPE-to-size - -**

Managerial utility
Managerial option ownership ? - +* +*** -
Managerial share ownership + - - +* -* +

Firm size
Market value ? +*** +*** +*** + + +*** +***

Total assets ? +*** + +***

Sales ? +***

Sign found and
level of significance

Tufano4

Variable

*,**, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. 
1  Empirical evidence by Nance, Smith, and Smithson (1993) for 169 US corporations. 
2  Empirical evidence by Mian (1996) for 3,022 US corporations. 
3  Empirical evidence by Berkman and Bradbury (1996) for 116 New Zealand corporations. 
4  Empirical evidence by Tufano (1996) for 48 US gold-mining corporations.  The first column shows 

the results between mediocre users (i.e., with a delta smaller than 40%) and non-users.  The second 
column shows the results between heavy users (i.e., with a delta larger than 40%) and mediocre 
users. 

5  Empirical evidence by Fok, Carroll, and Chiou (1997) for 369 US corporations. 
6  Empirical evidence by Géckzy, Minton, and Schrand (1997) for 372 US corporations. 
7  Empirical evidence by Haushalter (2000) for 100 US oil and gas producers. 
8  Empirical evidence by Allayannis and Ofek (2001) for 323 US corporations. 
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Table 2.2:  Summary data for surveys on corporate risk management 

Study Year Country Response rate Observations

Bodnar, Hayt, Marston, and Smithson 1994 USA 26% 530
Bodnar, Hayt, and Marston 1995 USA 18% 350
Alkebäck and Hagelin 1996 Sweden 77% 163
Berkman, Bradbury, and Magan 1996 New Zealand 64% 79
Bodnar, Hayt, and Marston 1997 USA 21% 399
De Ceuster, Durinck, Laveren, and Lodewijckx 1997 Belgium 22% 73
Mallin, Ow-Yong, and Reynolds 1997 UK 29% 231
Bodnar and Gebhardt 1997 Germany 34% 126
Bodnar, De Jong, and Macrae 1998 The Netherlands 50% 84
Pramborg 2003 Sweden - Korea 41%-16% 103-60
Saito and Schiozer 2004 Brazil 20% 57

 

2.6.2 Evidence regarding expected taxes 

In Section 2.2 it is argued that firms are more likely to hedge if they 1) are in the 

progressive region of the marginal tax schedule and 2) have more tax preference 

items.  Hedging decreases the expected tax liability by reducing the variability of pre-

tax income.  The existing empirical literature, as presented in Table 2.1, has 

developed different methods to measure the convexity of the corporate tax schedule 

and test the tax hypothesis, like tax loss carry forwards, investment and foreign tax 

credits49, as well as the likelihood that pre-tax income falls in the progressive region 

of the tax code.  Of these measures, the most popular variable is based on reported tax 

loss carry forwards or a dummy variable indicating the presence of such an item on 

the balance sheet.50  However, as presented in Table 2.1, evidence from regression 

                                                           
49  Note that, instead of measuring tax function convexity, the existence of foreign tax credits could 

also proxy the presence of foreign operations and, therefore, exposure to currency risk.  
Furthermore, investment tax credits may indicate that the firm faces more investment opportunities 
(i.e., there may be agency costs involved). 

50  Variables based on the tax loss carry forward implicitly assume that firms with such tax shields 
face a convex tax function, which need not be true.  Graham and Rogers (2002) find no correlation 
between the existence of tax loss carry forwards and convexity.  Furthermore, existing tax loss 
carry forwards may provide a disincentive to hedge because hedging reduces the possibility of 
higher income and therefore the chance to use the tax loss carry forwards. 

 42



CHAPTER 2:  AN OVERVIEW OF THE LITERATURE ON CORPORATE RISK MANAGEMENT  

analysis is mixed.  Only regarding the existence of tax credits, empirical evidence 

seems to support the hypothesis that firms use derivative instruments in order to 

reduce the expected tax payments.  This is consistent with the finding presented by 

Brown (2001), who argues that corporate risk managers indicate that tax reduction is 

not a motivation for hedging. 

 

The variables within regression analyses try to measure the convexity of the tax 

schedule, thereby providing information about the possible existence of a tax 

advantage.  The level of this possible advantage, however, cannot be quantified.  

Graham and Smith (1999) apply a Monte Carlo simulation approach to derive the 

possible quantitative benefits of hedging pre-tax income.  Using Compustat data, they 

simulate tax savings for a large number of listed American firms.  Their analysis 

indicates that tax savings from hedging can be substantial, in some extreme cases 

approaching as much as 50% of total taxes for a reduction of 5% in the volatility of 

earnings before taxes.  These tax savings can be worth millions of dollars.  This 

analysis is extended by Graham and Rogers (2002), who indicate that firms do not 

hedge in response to tax schedule convexity.  However, by hedging, firms do increase 

their debt capacity, thereby increasing the tax shields of debt and, therefore, firm 

value.51  So, if applied correctly, hedging pre-tax income can lead to substantial 

increases in firm value. 

 

                                                           
51  The average increase in firm value equals 1.1%, implying an incremental tax benefit of 

approximately $32 million. 

 43



CHAPTER 2:  AN OVERVIEW OF THE LITERATURE ON CORPORATE RISK MANAGEMENT  

In addition to regression and simulation analysis, some other researchers have 

performed survey analyses to investigate whether firms hedge in order to minimize 

expected tax payments.  Bodnar et al. (1995, 1996, 1998) conduct different follow-up 

surveys among non-financial U.S. listed firms.  According to these firms, their most 

important objective for hedging is managing cash flows, which is, according to 

Bodnar et al. consistent with the standard economic explanations of the potential 

benefits of hedging, like reducing expected taxes.  Since managers may be reluctant to 

give the real reason for hedging this, as an alternative to shareholder value 

maximization, might also show that this reduction in cash flow volatility is for reasons 

of risk aversion (i.e., managerial utility maximization).  The latter argument may even 

be more reasonable as managers do not explicitly state that they actively manage pre-

tax income in order to reduce the expected tax payments.  Similar studies have been 

conducted by Berkman, Bradbury, and Magan (1997) in New Zealand, Bodnar and 

Gebhardt (1999) in Germany, Alkebäck and Hagelin (1999) for Swedish corporations, 

De Ceuster et al. (2000) in Belgium, Mallin, Ow-Yong, and Reynolds (2001) in the 

UK, Bodnar, De Jong, and Macrae (2003) for the Netherlands, and Alkebäck, 

Hagelin, and Pramborg (2006) in Sweden.52  The results from these surveys are 

similar to the pioneering surveys in the US:  none of the recipients argue that they use 

derivatives to minimize expected tax payments. 

 

                                                           
52  There are more studies performed on the use of derivative instruments by non-financial firms (see 

e.g., Block and Gallagher (1986), Dolde (1993), Phillips (1995), Grant and Marshall (1997), 
Hakkarainen et al. (1998) and Loderer and Pichler (2000)).  These studies, however, focus on 
different sets of questionnaires, which makes them less suitable for comparison. 
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Overall, empirical evidence about hedging in order to reduce tax obligations is mixed, 

although Graham and Smith (1999) show that hedging earnings before taxes can have 

a substantial impact on firm value.  A variable that has not been used in the previous 

analyses is the volatility of pre-tax income.  As shown in Section 2.1, firms with a 

higher volatility of pre-tax income are more likely to hedge.  However, a problem 

with applying this volatility as a variable is the interrelation between hedging and 

volatility.  Because hedging decreases the volatility of pre-tax income it is probably 

difficult to find an empirical relation between the level of hedging and the volatility of 

the pre-tax income.  It seems that the only way to deal with this problem is applying a 

simulation approach like Graham and Smith (1999). 

 

2.6.3 Evidence regarding expected costs of financial distress 

In Section 2.3, it is shown that firm value can be increased if hedging can lower the 

expected costs of financial distress.  Therefore, most empirical studies use proxies for 

the probability of encountering in financial distress.  Within these studies, the two 

preferred measures are the level of leverage and the interest cover ratio.  From a 

theoretical point of view, the value of hedging is greater for firms facing higher levels 

of debt and lower interest cover ratios.53  Higher leverage implies a greater probability 

of facing financial distress, whereas firms with a lower interest cover ratio might not 

generate enough cash from their operations to honor the promised payments on their 

debt.  The results presented in Table 2.1 show that empirical evidence regarding costs 

of financial distress is not very strong.  Five studies find the expected positive relation 

                                                           
53  Smaller firms are also expected to have a higher probability of encountering in financial problems.  

The effect of firm size, however, is examined in Subsection 2.6.6. 
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between hedging and leverage.  The level of significance, however, is not very strong.  

However, as Nance, Smith, and Smithson (1993) remark, this lack of significance 

might be explained by possible interrelations between leverage and growth 

opportunities (i.e., firms with more growth opportunities have less leverage and 

should hedge more).54  Furthermore, consistent with theory, in all papers a negative 

relation between hedging and the interest coverage ratio is found.  Nevertheless, only 

Fok, Carroll, and Chiou (1997) find a significant negative relation.55  Summarizing, 

empirical evidence suggests that firms with a higher leverage and a lower interest 

coverage ratio hedge more, although the empirical relations are not very strong. 

 

As has been mentioned in the previous subsection, Bodnar et al. (1995, 1996, 1998) 

conclude from their surveys that US non-financial firms most often use derivatives in 

order to manage cash flow volatility.  Bodnar, De Jong, and Macrae (2003) present 

similar results for the Netherlands.  They conclude that this is consistent with 

minimizing costs of financial distress.  Berkman, Bradbury, and Magan (1997) find 

that non-financial corporations from New Zealand most often engage in risk 

management practices to reduce the volatility of accounting earnings, followed by 

managing cash flows and firm value.56  Although it is not mentioned by Berkman, 

Bradbury, and Magan, this could be seen as trying to reduce expected costs of 

                                                           
54  Another point of concern is that the costs of financial distress are assumed to be constant across 

firms.  This approach fails to look at the interrelation between capital structure and costs of 
financial distress.  Firms with high exogenous costs of financial distress might choose a low level 
of debt and vice versa. 

55  However, if firms have large internal cash buffers to pay their obligations, a low interest coverage 
ratio is not a good indication for the possibility of encountering financial distress. 

56  Similar results can be found for surveys in Germany by Bodnar and Gebhardt (1999), Sweden:  
Alkebäck and Hagelin (1999), Belgium: De Ceuster et al. (2000), UK:  Mallin, Ow-Yong, and 
Reynolds (2001), and Alkebäck, Hagelin and Pramborg for Sweden (2006). 
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financial distress.57  However, in none of the studies, managers explicitly state that 

they hedge in order to avoid certain costs of financial distress.  As mentioned in the 

previous subsection, managing cash flow or accounting earnings can also be seen in 

the light of maximizing managerial utility:  by reducing the volatility of cash flow or 

accounting earnings, managers may pursue their own goals (i.e., they maximize their 

own expected utility of wealth).58 

 

It can be concluded that empirical evidence does not provide very strong results for 

the hypothesis that corporate managers try to increase firm value by hedging, in order 

to minimize the expected costs of financial distress.  One of the problems of 

regression analysis may be that the variables used do not capture the expected costs of 

financial distress.59  An alternative variable that may be used is Altman’s Z-score 

(1968) to proxy changes in the probability of financial distress.  A modified Z-score 

has been used by MacKie-Mason (1990) and Graham, Lemmon, and Schallheim 

(1998).  Furthermore, a variable relating the variability of the firm’s earnings (i.e., an 

approximation for the possibility of default) with asset intangibility (i.e., an 

approximation for the loss of firm value at default) can be used.  However, again, the 

problem of the interrelation between the volatility of the firm’s earnings and hedging 

appears.  Finally, credit ratings can be used to proxy for the possibility of 

encountering financial distress. 
                                                           
57  Of course, managing cash flow volatility is different from managing earnings volatility.  However, 

it can be expected that the two are reasonably well correlated, such that similar conclusions may be 
drawn from the management of both kinds of volatility. 

58  In a study performed by Rawles and Smithson (1990), corporate risk managers argue that 
improving a firm’s credit rating is one of the most important objectives of hedging company cash 
flow.  If managers do hedge to improve the credit rating, this can be seen as reducing the costs of 
financial distress. 

59  See e.g. footnote 54 and 55. 
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2.6.4 Evidence regarding agency costs of debt 

In Section 2.4, it was shown that hedging can increase firm value if it can decrease the 

agency costs of debt.  It can be argued that agency costs are more pronounced when 1) 

a firm has a higher level of financial leverage, and 2) a firm has more growth or 

investment opportunities.  The most commonly used proxies for investment 

opportunities have been a firm’s market-to-book ratio and (scaled versions of) R&D.60  

The rationale for using the market-to-book value is that the market value of the firm 

represents the value of the assets in place and the value of the investment 

opportunities the firm faces.  Expenditures on R&D, as an alternative, should provide 

information about the development of future projects.  As can be derived from Table 

2.1, the only significant variable is the scaled version of R&D.  All three regression 

analyses including this variable show that there is a significant positive relation 

between hedging and activities on R&D.  For the other variables trying to capture 

possible growth opportunities, the evidence is less convincing.61  Furthermore, as 

shown in Subsection 2.4.3, the evidence regarding leverage is also mixed.  

Summarizing, the empirical evidence on the agency costs of debt leads to the 

conclusion that firms facing more growth opportunities (as measured by expenditures 

on R&D) seem to hedge in order to minimize these agency costs of debt. 
                                                           
60  Froot, Scharfstein, and Stein (1993) argue that expenditures on R&D could also be a proxy for the 

extent of information asymmetry about the quality of the firm’s projects or the financial constraints 
it faces.  The lack of guarantees makes it harder for these firms to get external financing.  This may 
also lead to underinvestment (see footnote 35).  Furthermore, Gay and Nam (1998) argue that 
“bad” managers may hide their quality by spending more on R&D or by mimicking hedging 
strategies pursued by “good” managers. 

61  In contrast to the studies as presented in Table 2.1, Deschmukh and Vogt (2005) test a single 
explanation for risk management rather than trying to distinguish among the different explanations.  
Their results indicate that investment spending is less sensitive to cash flow for firms that hedge.  
Similar evidence is found by Allayanis and Mozumdar (2000).  Minton and Schrand (1999) find 
that cash flow volatility is associated with lower rates of investment and higher costs of external 
capital, supporting the argument in footnote 35. 
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Within the different surveys on corporate risk management, Bodnar et al. (1995, 

1996, 1998), among others,62 argue that U.S. non-financial firms use derivatives in 

order to reduce the agency costs of debt.  However, since the explicit argument is not 

stated by the corporate managers, it might also imply that managerial risk aversion 

can be the driving factor behind reducing the company cash flow or earnings.  

Furthermore, if hedging activities are indeed applied correctly (i.e., to enhance 

shareholder value), it will be hard to conclude whether this is done in the light of 

reducing tax payments, costs of financial distress, and/or agency costs of debt. 

 

In conclusion, it can be stated that empirical evidence reasonably supports the 

hypotheses regarding reducing agency costs of debt.  From the evidence presented 

above, it seems that firms with more growth opportunities and low accessibility to 

external financial capital are more likely to hedge cash flows in order reduce agency 

costs of debt.63 

 

2.6.5 Evidence regarding managerial utility maximization 

Section 2.5 suggests that managers can use derivatives in order to maximize their own 

expected utility of wealth.  This can be the case because they have a large proportion 

of their wealth invested in the firm, which might induce them to hedge more.  

However, when managers’ compensation contracts contain a relatively large 

proportion of call-option-like features, they may be inclined to hedge less, or even 

                                                           
62  Again, similar conclusions are drawn for other countries.  See also footnote 56. 
63  In a study by Rawles and Smithson (1990), risk managers state that minimizing borrowing costs is 

one of the objectives of hedging.  This is in line with the hypothesis of reducing agency costs of 
debt. 
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speculate.  As shown in Table 2.1, empirical evidence regarding managerial option 

ownership is mixed.  Tufano (1996) and Géckzy, Minton, and Schrand (1997) find a 

significant positive relation between managerial option ownership and the use of 

derivative instruments.64  However, it remains unclear whether these derivatives are 

used for hedging or for speculation purposes. Empirical evidence on the relation 

between managerial share ownership and the use of derivatives is also not very 

conclusive.  Tufano (1996) finds a significant positive relation,65 whereas Fok, 

Carroll, and Chiou (1997) find a negative relation. 

 

Overall, we can conclude that empirical evidence regarding management utility 

maximization is not very conclusive.  A big problem, however, is that the precise 

composition of managerial compensation schemes is unknown.  The exact sensitivity 

of managerial wealth to changes in firm volatility is needed to be able to draw any 

conclusions in the direction of whether or not derivatives are used to enhance or 

maximize the expected utility of management.66 

 

2.6.6 Evidence regarding firm size 

From the theoretical arguments in the Sections 2.2 through 2.4, it is impossible to 

predict a clear relation between firm size and corporate risk management activities.  

Smaller firms are more likely to be in the progressive region of the marginal tax 

schedule, which makes the potential tax advantages by hedging most pronounced for 

                                                           
64  Note that Tufano only finds a significant positive relation for part of the sample.  See Table 2.1. 
65  A more recent study by Petersen and Thiagarajan (2000) confirms the managerial-utility 

maximization hypothesis for the gold mining industry in the U.S. 
66  Next to the compensation structure, it will be a hard, if not impossible, task to get information on 

the exact details of managerial utility functions. 
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relatively small firms.67  Furthermore, smaller firms face relatively high costs of 

financial distress.  This also supports the hypothesis that smaller firms should gain 

more from hedging than larger firms.68  However, because smaller firms probably face 

substantially higher transaction costs of hedging, it also possible that larger firms are 

more likely to use derivative instruments in their risk management programs.  From 

Table 2.1, it can be concluded that the theory of transaction costs dominates the 

motives for reducing expected taxes and costs of financial distress.  In almost all 

papers, a significant positive relation between firm size and the use of derivative 

instruments is found.  Larger firms are probably in a better position to set up a risk 

management program and contract specialized employees. 

 

The previous results are confirmed by findings from survey analyses. Bodnar et al. 

(1995, 1996, 1998) show that the use of derivatives is most common among large 

firms, followed by medium and small firms.  These findings are confirmed for all of 

the other survey analyses presented in Table 2.2.  The survey results corroborate the 

suggestion that initiating and maintaining a risk management program is associated 

with significant fixed costs.  Because of economies of scale, these costs may make 

derivatives usage uneconomical for smaller firms, despite the potential larger benefits.  

Especially the costs of setting up a risk management program and contracting 

specialized and highly-qualified employees may outweigh the theoretical benefits of 

hedging for smaller firms. 

                                                           
67  See Section 2.2. 
68  See Section 2.3. 
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 Therefore, we can conclude that from all the possible determinants of 

corporate risk management, firm size gives the most pronounced explanation for the 

corporate use of derivatives. 

 

 

2.7 CONCLUSIONS 

This chapter gives a theoretical and empirical overview of the motives for corporate 

hedging.  From a theoretical point of view, hedging can increase firm value if it 

reduces the expected tax liability, expected costs of financial distress, and agency 

costs of debt.  These beneficial reductions can only be achieved by the firm itself, 

since the relevant value-increasing hedging decisions cannot be replicated by 

individual investors.  Furthermore, utility maximization by the manager/owner of a 

firm can explain the corporate use of derivatives for hedging purposes.  If managerial 

wealth depends on future firm value, then hedging decisions by the management of 

the firm can be applied to increase their personal expected utility of wealth. 

Empirical evidence, given regression and survey analysis, regarding tax 

hypothesis is mixed.  Graham and Smith (1999) and Graham and Rogers (2002), who 

apply a Monte-Carlo simulation approach, however, show that the potential gains of 

hedging pre-tax income can be substantial.  Empirical evidence regarding a reduction 

in the expected costs of financial distress is also rather inconclusive.  Empirical 

evidence for reducing the agency costs of debt is more supportive.  Firms with more 

growth opportunities, as measured by R&D, and limited access to external financial 

capital seem to hedge cash flows in order to reduce the agency costs of debt.  

Evidence for the use of derivatives in order to maximize managers’ expected utility is 
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also mixed.  Only Tufano (1996), studying the gold-mining industry, does find 

evidence that managers use derivatives in order to maximize their own expected 

utility of wealth.  Evidence regarding firm size, finally, is very convincing.  Large 

firms, as compared to small firms, make far greater use of derivatives.  This evidence 

is confirmed by both regression as well as survey analysis.  This may show that 

transaction costs of hedging play an important role in explaining the corporate use of 

derivatives.  Larger firms are in a better position of bearing the large initial costs of 

setting up a risk management program, and contracting specialized employees.  

However, it may be the case that many firms are simply not sufficiently acquainted 

with the potential benefits of hedging, like minimizing expected tax payments and 

costs of financial distress.  As shown in this chapter, these benefits can be large. 
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CChhaapptteerr  33    
  

HHEEDDGGIINNGG  WWIITTHH  FFOORRWWAARRDDSS  AANNDD  PPUUTTSS    
IINN  CCOOMMPPLLEETTEE  AANNDD  IINNCCOOMMPPLLEETTEE  MMAARRKKEETTSS**  

 

 

3.1 INTRODUCTION 

This chapter considers income uncertainty and optimal hedging decisions by a 

competitive commodity producer, which have been the object of considerable 

research.  We examine two issues which are not addressed or have caused some 

confusion in the hedging literature.  We first derive general conditions under which 

forward and/or put price unbiasedness occurs.  Contrary to the traditional belief that 

unbiasedness occurs only under risk-neutrality, we show that restrictions on the 

probability distribution suffice for unbiasedness, even if consumers are assumed to be 

strictly risk averse.  Second, we examine the optimal production and hedging 

decisions by a risk-averse producer.  Hedging is utility-enhancing for this producer 

only if his private state prices (derived from the marginal rates of substitution) differ 

from the market state prices.  If the producer’s state prices are derived from his 

marginal rates of substitution, he will perceive an unbiased market forward contract to 

be overpriced and an unbiased market put price to be underpriced.  Contrary to the 

                                                           
*  This chapter has been published under the same title in the Journal of Banking and Finance, 2004, 

Vol. 28, pp. 1-17 (co-authored with Simon Benninga). 
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previous literature we show there is a hedging role for put options together with 

forward contracts. 

 In a pioneering article, McKinnon (1967) presents a model of a commodity 

producer, who minimizes income volatility in a mean-variance framework.  He 

shows that the correlation between stochastic price and production is crucial in 

the optimal hedging decision.  A missing feature in McKinnon’s model is that 

production cannot be chosen.  Baron (1970) and Sandmo (1971) develop a model 

of optimal production under price uncertainty, which is extended by Danthine 

(1978), Holthausen (1979), and Feder, Just, and Schmitz (1980) to incorporate 

optimal hedging decisions as well.  They show that, when output is nonrandom, 

the well-known separation theorem holds.  The optimal production decision is 

independent of the producer’s risk preferences and expectations, and can be 

separated from the optimal hedging decision.  If the forward price is unbiased, the 

optimal production decision is to produce until the marginal costs equal the 

forward price and the optimal forward position is a full hedge. 

 The results above – extended by Benninga, Eldor, and Zilcha (1983), and 

Lapan, Moschini, and Hanson (1991) – apply to a competitive producer who faces 

price risk only.  For most commodities, however, a producer faces multiple 

sources of risk.  Lapan and Moschini (1994) consider a producer facing price, 

production, and basis risk.  They derive an exact solution to the optimal hedging 

problem under the assumption that price, production, and basis risk are joint-

normally distributed and that the producer maximizes an exponential utility 

function.  An important finding is that the optimal hedge depends on the degree of 

risk aversion, even if the forward price is assumed to be unbiased. 
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 The use of options as a hedging instrument has been examined much less 

than the use of futures.  Lapan, Moschini, and Hanson (1991) consider a producer 

facing price and basis risk and compare the use of futures to put options as a 

hedging device.  They show that, when the futures price is unbiased, options are 

redundant hedging instruments since futures provide a payoff that is linear in 

price risk.  Moschini and Lapan (1995) study the problem of a producer facing 

price, (non-linear) basis, and production risk.  They provide analytical solutions 

to the use of futures contracts and straddles, assuming an exponential utility 

function and joint-normal distributions between the risk factors.  Under the 

assumption of unbiased forward and straddle prices, they show that the optimal 

strategy is to buy straddles along with a short position in futures.  Batterman, 

Braulke, Broll, and Schimmelpfennig (2000) compare the use of forward 

contracts and put options within a one-period utility framework.  They show that, 

in case of unbiased put prices, the optimal hedging strategy is to overhedge and 

the optimal output decision is to produce up to a point where the marginal costs 

are less than the forward price (assuming unbiasedness of the forward price).  

Furthermore, forwards will always be preferred to puts when both instruments are 

perceived as unbiased predictors of future payoffs. 

 In all of the above papers, hedging is the result of well-specified risks and 

the availability of derivatives markets, which allow the complete or partial 

(through cross-hedging) hedging of these risks.  An innovative paper by Franke, 

Stapleton, and Subrahmanyam (1998) examines the hedging motive when there 

are unhedgeable background risks.  This hedging behavior has similar origins to 

that discussed in this chapter:  where individuals disagree strongly with the 
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market prices (whether through greater background risk or for the unspecified 

reasons in this chapter), they will be more strongly motivated to use non-linear 

derivative instruments to try to complete the market. 

 This chapter has two purposes.  First, we examine the conditions under which 

forward contracts and/or put options are unbiased.  It is sometimes argued that 

unbiasedness of derivative instruments only occurs under risk-neutrality.69  We show 

that this is not true, and that restricting the probability distribution is sufficient for 

unbiasedness of forward and put prices.  Second, we examine the impact of 

unbiasedness on optimal hedging and production decisions.  Our model extends 

previous research by showing that there is a hedging role for put options even if only 

price is stochastic.  We also show that, compared to the possibility of hedging with 

unbiased forward contracts, the use of puts reduces production. 

 The remainder of this chapter is organized as follows.  Section 3.2 

introduces the general model specifications in which the conditions for the 

forward price and the put price to be unbiased are derived.  In Section 3.3, we 

derive the optimal production and risk management decisions for a risk-averse 

producer.  We examine the possibility of optimal hedging and production under 

market completeness and under market incompleteness.  Section 3.4 concludes 

this chapter. 

 

 

                                                           
69 Among others, Chiang and Trinidad (1997), Wu and Zhang (1997), and Baillie and Bollerslev 

(2000) argue that forward unbiasedness occurs under the joint assumptions of efficient markets and 
risk-neutral consumers. 
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3.2 UNBIASEDNESS OF FORWARD AND PUT PRICES 

3.2.1 The model 

We consider a two-date framework where today is denoted as time 0 and tomorrow as 

time 1.  Time 1 has N states of the world.  We examine an asset S, having a spot price 

 today and 0S { }NSSSS <<<= ...~
21  prices in the states of the world tomorrow.  The 

state probabilities are given by { }1 2 N, ,...,π π π π= , and the state prices by which 

financial assets are priced are denoted as { }1 2 Nq q ,q ,...,q= . 

Assets are priced by the state prices.  For example, the equilibrium risk-free 

rate of interest  is given by fr
1

1
1
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j
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r =

=
+ ∑ .  In general, given the state prices, any 

asset having state-dependent payoffs { }1 2 NA A , A ,..., A=  will have price today 
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j j
j

A q A
=

= ∑ .  As shown by Beja (1972), we can write the value  as a function of 

the discounted expected payoff plus a covariance term representing the risk of the 

asset: 
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For future reference we note that in the case of a single representative consumer with 

a Von Neumann-Morgenstern time-additive utility function, the state prices are 

derived from the consumer’s marginal rates of substitution 
( )
( )0

j
j j
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q

U c
δπ

′
=

′
, where 

δ  is the consumer’s pure rate of time preference, jπ  is the probability of state j, and 

 is consumption in state j.  At this point we leave open the question of whether the 

market state prices are determined by the individual consumer’s marginal rates of 

jc
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substitution (see Section 3.3).  Suppose the size of optimal consumption is correlated 

to the commodity price so that Nccc <<< ...21 .  Since the utility function is concave, 

it follows that for time-additive utility: 

 

(3.2) 
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Before deriving the optimal production and hedging decisions in the next section, we 

first examine the conditions under which forward contracts and put options will be 

unbiased. 

 

3.2.2 Unbiasedness of the forward price 

In this subsection we derive conditions for the forward price to be unbiased.  Let F 

denote the forward price at date 0 for the delivery of one unit of the asset at date 1.  

By definition of the forward price, F is set so that the time-0 cost is zero: 
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Solving equation (3.3) for the forward price gives 
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+ ∑ 0 .  This forward price is unbiased if F E S⎡ ⎤= ⎣ ⎦ .  

As shown above, we can write: 
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Solving for F gives: 

 

(3.5) ( )1 ,f
qF E S r Cov S
π
⎛ ⎞⎡ ⎤= + + ⎜ ⎟⎣ ⎦ ⎝ ⎠

 

 

Thus, the forward price is unbiased if and only if ,qCov S
π
⎛ ⎞ 0=⎜ ⎟
⎝ ⎠

.  As the lemma 

below shows, the covariance is zero for two cases: 

 

Lemma 3.1:  The forward price is unbiased if and only if one of the following holds: 

1. The state prices are derived from a risk-neutral representative consumer. 

2. The consumer is risk averse and there is one restriction on the probability 

distribution. 

 

Proof: 

 Part 1:  In this case the state prices are given by 
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 Part 2:  Given the market state prices  and the asset prices , unbiasedness 

of the forward price imposes restrictions on the state probabilities.  When there are N 

states of the world, forward unbiasedness occurs if 
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.  Given 

the state prices and the asset prices, this equation can be solved for any state 
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probability kπ .  This means that unbiasedness imposes the following general 

restriction on kπ : 
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where state .  || Nk ≤≤1

 

The first result in Lemma 3.1 is standard, since under risk-neutrality all asset prices 

are unbiased.  The second part of the lemma shows that risk-neutrality is not a 

necessary condition for forward unbiasedness.  The restriction in equation (3.6) 

depends on all the other probabilities and on the state prices, meaning that both the 

probability distribution and the state prices can have any form.  Note that if there are 

only two states of the world, this restriction implies that 1
1

1 2

q
q q

π =
+

 and 

2
2

1 2

q
q q

π =
+

.70  For three or more states, this restriction is unrelated to the degree of 

risk aversion of the consumers. 

 

3.2.3 Unbiasedness of the put price 

Let denote the time-0 put price with an exercise price equal to X.  The put is 

unbiased if it equals the discounted expected put payoffs.  Since we can write the put 

price as 

( )P X

 

                                                           
70  We thank an anonymous referee of the Journal of Banking and Finance for pointing this out. 
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(3.7) ( )
1

,
1

N

j j
j f

E X S qP X q X S Cov X S
r π

+

++

=

⎡ ⎤⎡ ⎤−⎣ ⎦⎢ ⎥ ⎛ ⎞⎣ ⎦ ⎡ ⎤⎡ ⎤= − = + −⎜ ⎟⎣ ⎦ ⎣ ⎦+ ⎝ ⎠
∑  

 

put price unbiasedness occurs if and only if 0qCov , X S
π

+⎛ ⎞⎡ ⎤− =⎜ ⎟⎣ ⎦⎝ ⎠
.   

 

Lemma 3.2:  The put price is unbiased if and only if one of the following holds: 

1. The state prices for every state in which the put is in the money are risk-

neutral prices. 

2. The forward price is unbiased and the put is either always in or out of the 

money. 

3. A restriction on the probability distribution similar to that derived in 

Lemma 3.1 for forward prices is imposed. 

 

Proof:   

 Part 1:  We start by recalling from equation (3.7) that71 

1

1

,
1

N

j jN
j

j j
j f

X S
qCov X S q X S

r

π

π

+

+ + =

=

⎡ ⎤−⎣ ⎦⎛ ⎞⎡ ⎤ ⎡ ⎤− = − −⎜ ⎟ ⎣ ⎦⎣ ⎦ +⎝ ⎠

∑
∑  

Now suppose that the put option is exercised in states 1, ..., k of the world, i.e., that 

.  In this case the put price is unbiased if and only if 1 1 ...k k kS X S S+ −> > > > > 1S

( )
( )

( )1

1 1
, 0

1 1

k

j jk k
j j

j j j j
j jf f

X S
qCov X S q X S q X S

r r

π
π

π
+ =

= =

−
⎛ ⎞⎛ ⎞⎡ ⎤− = − − = − − =⎜ ⎟⎜ ⎟⎣ ⎦ ⎜ ⎟+ +⎝ ⎠ ⎝ ⎠

∑
∑ ∑  

                                                           
71 Since [ ] [ ] [ ] ( )E A B E A E B Cov A,B⋅ = + , the covariance term ( ) [ ] [ ] [ ]Cov A,B E A B E A E B= ⋅ − . 
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Since the factors ( ) 0, 1,...,jX S j− > = k , it follows that the put is unbiased if and 

only if 1
1

j

j f

q
rπ

=
+

 for every state in which it is exercised. 

 Part 2:  Suppose that 1X S< , so that the put is always out of the money.  In 

this case, ( )
1

0
N

j j
j

P X q X S
+

=

⎡ ⎤= − =⎣ ⎦∑ , so that the put is unbiased.  On the other 

hand, if the put is always in the money, i.e., NX S≥ , then: 

( )
1 1

1 1

N

j j
j f

f f

E X S qP X q X S Cov , X S
r

E X S E X SqCov , X S
r r

π

π

+

++

=

⎡ ⎤⎡ ⎤−⎣ ⎦⎢ ⎥ ⎛ ⎞⎣ ⎦ ⎡ ⎤⎡ ⎤= − = + −⎜ ⎟⎣ ⎦ ⎣ ⎦+ ⎝ ⎠

⎡ ⎤ ⎡ ⎤− −⎛ ⎞⎣ ⎦ ⎣ ⎦= + − =⎜ ⎟+ +⎝ ⎠

∑
 

since the forward is unbiased. 

Part 3:  Similar to deriving the restriction imposed on the probability 

distribution in case of forward unbiasedness, we can solve for put unbiasedness as 

well.  Given the market state prices and the asset prices, unbiasedness of the put price 

imposes a restriction on the probability distribution.  Again, when there are N states of 

the world, unbiasedness of the put price occurs if 

( ) ( ) 1

1

1

1

N

j j N
j

f N
j

j
j

q X S
P X r X S

q
π

+

j j

+=

=

=

⎡ ⎤−⎣ ⎦
⎡ ⎤⋅ + = = −⎣ ⎦

∑
∑

∑
.  Given the state prices  and 

the asset prices , this equation can be solved for any state probability 

q

S kπ .  This 

means that unbiasedness imposes the following general restriction on kπ : 
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(3.8) 

( ) [ ]( ) [ ]

[ ] [ ]

1

1:

1

N

j j N NN
j j k

j
j

k
k N

P X
X S X S X S

q

X S X S

π

π

− + + +

= ≠

=
+ +

⎛ ⎞
⎡ ⎤− − − − + −⎜ ⎟⎣ ⎦

⎝ ⎠

=
− − −

∑
∑

 

 

where state .  || Nk ≤≤1

 

Note the similarity between equations (3.6) and (3.8).  Also note that the conditions in 

part 1 of Lemma 3.2 are close to risk-neutrality, which occurs if and only if 
1

1
j

j f

q
rπ

=
+

 for all states j.  If the put price is unbiased for all exercise prices X, then 

there is risk-neutrality,72 so that the forward price is also unbiased.73 

 

3.2.4 Joint forward and put unbiasedness 

Up to now we have only considered the possibility of forward unbiasedness or put 

unbiasedness.  Forward and put unbiasedness occurs if both 0qCov ,S
π
⎛ ⎞ =⎜ ⎟
⎝ ⎠

 and 

0qCov , X S
π

+⎛ ⎡ ⎤− =⎜ ⎣ ⎦⎝ ⎠
⎞
⎟

                                                          

.  If we abstract from risk-neutrality, this only occurs if there 

are two restrictions on the probability distribution, and we simultaneously have to 

solve 

 
72  As an alternative for imposing risk-neutrality in case of N possible exercise prices, we can also 

restrict all the probabilities up to state 1−N  simultaneously, such that , 0qCov X S
π

+⎛ ⎞⎡ ⎤− =⎜ ⎟⎣ ⎦⎝ ⎠
 for 

each individual exercise price (irrespective of the prevailing state prices). 
73 Of course, in risk-neutrality all asset prices are unbiased. 
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1

1

1

N

j j N
j

j jN
j

j
j

q S
F S

q
π=

=

=

= =
∑

∑
∑

 and ( ) ( ) 1

1

1

1

N

j j N
j

f jN
j

j
j

q X S
P X r X S

q
π

+

j

+=

=

=

⎡ ⎤−⎣ ⎦
⎡ ⎤⋅ + = = −⎣ ⎦

∑
∑

∑
.  

This occurs if there are two states k and l (with lk < ) for which the following 

restrictions hold: 

 

[ ] [ ] ( )

[ ] [ ]

1 1 1

1

1 N N N

j j l j j k j N
j : j k ,l j : j k ,l j : j k ,lk

j
j

k
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S q
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π π π

π
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= ≠ = ≠ = ≠

=

+ +
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⎜ ⎟⎜ ⎟⎛ ⎞⎛ ⎞⎜ ⎟⎜ ⎟+ − − + − + − −⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠⎜ ⎟⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠=

− − −

∑ ∑ ∑
∑

 

(3.9)  

 

[ ]
( )

[ ] [ ]

1

1

1

N

j j k N
j : j k ,l

k j N
j : j k ,lk

j
j : j k ,l

l

l k k l

S F X S
P X

S X
S q

S X S S X S

π
π

π

+

+= ≠

= ≠

= ≠

+ +

⎛ ⎞⎛ ⎞
− + −⎜ ⎟⎜ ⎟

⎜ ⎟⎝ ⎠ ⎡ ⎤+ − −⎣ ⎦⎜ ⎟
⎜ ⎟
⎜ ⎟
⎝ ⎠=

− − −

∑
∑

∑
jS

                                                          

 

 

where state . Nlk ≤≤≤1

 

Given these restrictions on the probability distribution, both forward contracts as well 

as put options are unbiased predictors of the expected payoff.  Contrary to the 

traditional belief that unbiasedness of derivative instruments only occurs under risk-

neutrality, it can also occur for any probability distribution.74 

 

 
74 The technical restrictions derived in this section ensure that forward and/or put price unbiasedness 

occurs.  The numerical effect of unbiasedness on the probability distribution will, of course, 
depend on the form of the probability distribution in relation to the risk-free rate of interest. 
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3.3 OPTIMAL PRODUCTION AND HEDGING BY A RISK-AVERSE PRODUCER 

3.3.1 Introduction 

In the previous section we have proved some general statements about state price 

mathematics.  We now introduce a producer who maximizes a utility function which 

includes production and hedging.75  We assume that the producer’s state prices 

(denoted { }P
jq ) are not necessarily the same as the market state prices which 

determine the prices of the forward contract and the put contract (from now on we 
denote these prices by { }M

jq ).  In order to derive optimal production and risk 

management decisions, we must first say something about the market conditions.  We 

say that markets are complete if the producer’s state prices and the market state prices 

are the same.76  In Theorem 3.1 we prove that in complete markets there is no 

advantage to the producer in hedging, either by using puts or by using forward 

contracts.  The market is incomplete if the producer’s and the market state pricing 

system are not the same.  Since a private implicit pricing system (i.e., the state prices 

from which all financial assets are perceived to be priced) is derived from individual 

utility functions, the producer’s state prices may differ from the consensus in the 

market.  In this case, the producer disagrees with the market about the pricing of 

forward contracts and put options, and the producer’s valuation of forward and 

put contracts (by using his private state prices) differs from that of the market.   

 

                                                           
75 We assume that both the market and the producer have the same (subjective) state probabilities π. 
76 This will happen, for example, if the producer is also the representative consumer. 

 67



CHAPTER 3:  HEDGING WITH FORWARDS AND PUTS IN COMPLETE AND INCOMPLETE MARKETS 

3.3.2 Optimal production and hedging in complete markets 

The producer faces uncertainty because the future price of goods sold is random.  At 

time 0 the producer, with initial wealth , chooses the output y to his production 

function; these inputs cost , where C  is a strictly convex cost function.  At time 

1, uncertainty regarding the commodity price is resolved:  in each state of the world, 

the producer produces output y and realizes the proceeds from his sales, given the 

stochastic commodity price.  

0W

( )C y

 If the producer has access to forward and put markets, he has to choose how 

many forward contracts ( ) and how many puts ( ) to buy or sell in order to solve 

the following problem: 

Fn Pn

 

(3.10) 

( ) ( ) ( )

( ) ( )

( )

0
1

0 0

. .

N

j j
j

P

j j P j F j

Max E U c U c U c

s t
c W C y n P X

c S y n X S n F S

δ π
=

+

⎡ ⎤ = +⎣ ⎦

= − −

⎡ ⎤= ⋅ + − + −⎣ ⎦

∑

 

 

Before turning to the optimal production and risk management decisions we first 

examine the covariance factors 
PqCov ,S
π

⎛ ⎞
⎜ ⎟
⎝ ⎠

 and 
PqCov , X S
π

+⎛ ⎞⎡ ⎤−⎜ ⎟⎣ ⎦⎝ ⎠
. 
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Lemma 3.3:  Suppose the producer does not have access to either put or forward 

markets.  If the producer’s state prices are derived from his marginal rates of 

substitution, then the covariance term 0
PqCov ,S
π

⎛ ⎞
<⎜ ⎟

⎝ ⎠
 and 0

PqCov , X S
π

+⎛ ⎞⎡ ⎤− >⎜ ⎟⎣ ⎦⎝ ⎠
.  

Thus, for this case, both the put and the forward prices are biased. 

 

Proof:  When the cost function is strictly convex, there is a unique solution for 

optimal production  and to state prices *y
( )

( )( )
*

*
0

j jP
j

U S y
q

U W C y

π
δ

′ ⋅
=

′ −
.  This implies that 

the covariance factor can be written as: 

 

( )
( ) ( )

( )
0

0

*
j j

* *P
jj

j j *
j j

U c

U c U cq
Cov ,S Cov ,S Cov ,S

U c

π
δ

δ
π π

⎛ ⎞′
⎜ ⎟

⎛ ⎞′ ′⎛ ⎞ ⎜ ⎟
⎜ ⎟= =⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟′⎜ ⎟⎝ ⎠ ⎝ ⎠

⎜ ⎟⎜ ⎟
⎝ ⎠

j ,  

 

where  denotes consumption given optimal production.  Given a strictly concave 

utility function, 

*c
( )
( )0

*
j

*

U c

U c

′

′
 is a decreasing function in S, which results in a negative 

covariance factor 
PqCov ,S
π

⎛ ⎞
⎜
⎝ ⎠

⎟  and a positive covariance term 
PqCov , X S
π

+⎛ ⎞⎡ ⎤−⎜ ⎟⎣ ⎦⎝ ⎠
. || 

 

The first-order conditions of (3.10) with respect to production, the number of 

forwards, and the number of puts are given by: 
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(3.11) 
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∑

∑

 

 

Theorem 3.1:  If the producer is representative in the sense that his marginal rates of 

substitution are equal to the market state prices, then an incremental purchase of the 

forward or the put contract does not increase the producer’s welfare.  In this case 

neither hedging with puts or forwards is preferable one over the other. 

 

Proof:  As shown in Lemma 3.3, there is a unique solution to the optimal production 

decision which gives state prices 
( )

( )( )
*

*
0

j j
j

U S y
q

U W C y

π
δ

′ ⋅
=

′ −
.  Now suppose the producer 

is trying to decide whether to add a small quantity  forwards or  puts to his 

position.  His expected utility will now be: 

F Pn n

 
( )( ) ( ) ( )( )

( )( )
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0

*

1

,

 

F P P

N

j j F j P j
j

E U c n n U W C y n P X

U S y n S F n X Sδ π
+

=

⎡ ⎤ = − −⎣ ⎦

⎡ ⎤+ ⋅ + ⋅ − + −⎣ ⎦∑
 

 

Consider the choice of forward contracts first.  Using a standard first-order Taylor 

series expansion, it is clear that: 
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( )( ) ( )( ) ( )( )
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where  is the expected utility and  is the optimal production in case 

the firm does not hedge.  It is obvious that hedging adds value if and only if 

.  However, dividing the previous equation by 

 yields 

( )( 0 0E U c ,⎡⎣
*y

( ) ( )*

1

0
N

F j j j
j

n U S y S Fδ π
=

′ ⋅ ⋅ − >∑

( )( 0 0U c ,′
( )
( )( ) ( ) ( )

*

1 10, 0

N N
j

F j j F j j
j j

U S y
n S F n q

U c
δ π

= =

′ ⋅
⋅ − = ⋅ −

′∑ ∑ S F , 

which equals zero by definition of the forward price.  This proves the theorem for 

forwards.  The proof for puts is similar.  || 

 

Thus, if the producer is the representative agent, hedging with forward contracts or 

put options does not improve his personal utility of wealth, since buying or selling 

financial instruments is always a zero-NPV investment.  There will be welfare 

improvements only if the producer’s implicit state prices differ from the pricing for 

the forward/put contracts.  Thus, hedging can only add value if there is some kind of 

market incompleteness. 

 

3.3.3 Optimal production and hedging in incomplete markets 

When markets are incomplete, the producer’s marginal rates of substitution are 

different from the market prices.  In this case the use of forwards and put options can 

lead to welfare improvements.  Suppose that the producer’s state prices are derived 

from his marginal rates of substitution from maximization problem (3.10), leading to 
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state prices 
( )

( )( )
*

*
0

j jP
j

U S y
q

U W C y

π
δ

′ ⋅
=

′ −
.  Furthermore, suppose that the market forward 

price is unbiased.  Then: 
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If the producer agrees with the market valuation, then: 

 

(3.13) 1
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N
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j j N

j
j jN
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= =
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However, by Lemma 3.3, .  From this we conclude that if the forward 

price is unbiased (using market state prices), then the producer views the market 

forward price as being overpriced.  A similar statement is true for puts. 

1

N

j j
j

F π
=

< ∑ S

 Thus, if the market prices are unbiased, then the producer thinks that the 

market forward price is too high and the put price is too low.  Therefore, the optimal 

forward position for the producer is to short the forward contract and to go long the 

put contract. 
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Theorem 3.2:  If the market forward price is unbiased and markets are incomplete, 

the producer will engage in a full hedge.  There will be separation between the 

production and hedging decision, even though the producer perceives the forward 

price to be overpriced.77 

 

Proof:  We consider a producer who maximizes his expected utility using forwards 

only: 
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1jP
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, implying that the producer 

perceives the market forward price to be overpriced (by Lemma 3.3).  The 

superscripts M and P are added to distinguish between the market forward price and 

the producer’s private valuation of the forward price.  The first-order conditions for 

the producer are given by: 

 

 
77 Note that we explicitly distinguish between the market forward price, which is given to the 

producer, and his private valuation which he would be willing to pay for the forward contract, 
given his private state prices. 
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(3.15) 
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However, since both the producer and the market face the same probability 

distribution, the producer perceives the market forward price as being unbiased and 

the optimization problem becomes a standard decision.  Look at the choice of the 

number of forward contracts first.  The first-order condition can be rewritten as: 
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Since is zero by definition of an unbiased market forward price, the 

first-order condition is zero if and only if 

( M
jE S F⎡ −⎣

( ) ( )( ), 0M
j jCov U c S F′ − = .  If the 

producer engages in a full hedge, i.e., Fn y= − , marginal utility is constant and the 

covariance term will be zero.  Thus, even though the producer perceives the forward 

to be overpriced, he still engages in a full hedge.  Now consider the optimal 

production decision.  Dividing the first-order condition through ( )0U c′  yields: 
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However, since the producer engages in a full hedge ( )U c′  is constant which allows 

us to rewrite the first-order condition as:78 
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This completes the proof.  || 

 

By Theorem 3.2, production takes place up to the point where the marginal costs 

equal the current spot price (or alternatively:  production takes place up to the point 

where the forward marginal costs equal the market forward price).  The optimal hedge 

is a full hedge and the optimal production decision is to produce until the marginal 

costs of production equal the current spot price.  Thus, the producer’s risk preferences 

do not influence his optimal production decision, nor his optimal forward hedge.  This 

proof differs from the traditional papers on optimal hedging and production, in which 

the producer agrees with the market valuation of the forward.79  Even though the 

producer does not agree with the market valuation of the forward contract (according 

to his private valuation, the forward is overpriced), he still engages in a full hedge and 

there is separation between the production and hedging decision. 

 
78 A bar ( ¯ ) is used to denote a nonrandom variable. 
79 See e.g., Benninga, Eldor, and Zilcha (1983, 1985). 
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Lemma 3.4:  If the market valuation of the put is unbiased and if producer and 

market agree on the interest rate, then the producer will view the put as underpriced.  

Thus the optimal hedging position for the producer will be long in the put.80 

 

Proof:  If the market valuation of the put is unbiased, we must have the general 

restriction on the probability distribution, as given in equation (3.8).81  We will now 

show – by contradiction – that the producer cannot agree with the market valuation of 

the put.  If the market put price is unbiased then we have 
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∑
.  Now we will show that the 

producer does not agree with the market valuation of the put.  To see this, we proceed 

by contradiction by saying that if the producer would agree with the market put price, 

then: 
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However, from Lemma 3.3 ( ) ( )
1

1
N

f j
j

P X r X Sπ j

+

=

⎡ ⎤⋅ + > −⎣ ⎦∑ , from which we can 

conclude that if the market put price is unbiased, then the producer will view the put 

option as being underpriced.  This implies that the optimal put position will be long.  || 

                                                           
80 Remember that an unbiased put price means that the forward put price equals the expected payoff. 
81 We assume that at least one state of the world generates a positive payoff. 
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Theorem 3.3:  If the market put price is unbiased, then the optimal put position 

depends on producer access to the bond market.  This can result in a full hedge, in an 

overhedge, and in an underhedge. 

 

Proof:  If the producer can use put options only, his maximization problem becomes: 

 

(3.16) 
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which results in the following first-order conditions: 

 

(3.17) 
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Consider the choice of the optimal number of put options first. The question is, 

whether the producer – as in the case of hedging with forwards discussed above – will 

engage in a full hedge. Dividing the first-order condition by ( )0U c′  and rewriting 

shows us: 
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Case 1:   

If the producer has full access to the bond market then 
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 must be zero in order to 

have an optimum.  As shown by Battermann, Braulke, Broll, and Schimmelpfennig 

(2000) this results in overhedging. 

 

Case 2:   

If the producer would like to borrow but cannot (e.g., because he has restricted 

borrowing) the term 
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In order to set the marginal utility equal to zero, the covariance term must be positive; 

this means that for this case the producer buys fewer puts than in case 1, but still has a 

positive put position by Lemma 3.4.  Since setting the covariance equal to zero (as in 

case 1) leads to overhedging we know that choosing the optimal number of put 

options can lead to the possibility of full hedging, underhedging, and overhedging. 

 

Case 3:   

If the producer would face a binding lending constraint, then the term 
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( )0
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( ) ( )
( )

( )
( )0 0

0
00

1 0
1

j j
j j

P f

U c U cdE U c
E X S E Cov , X S

dn U c r U c
δ δ

+ +

>
<>

⎛ ⎞⎡ ⎤ ⎛ ⎞′ ′⎡ ⎤⎣ ⎦ ⎡ ⎤ ⎜ ⎟⎡ ⎤ ⎜ ⎡ ⎤ ⎟= − ⋅ − + −⎢ ⎥⎣ ⎦ ⎣ ⎦⎢ ⎥⎣ ⎦ ⎜ ⎟′ ′⎜ ⎟+⎢ ⎥⎣ ⎦ ⎝ ⎠⎝ ⎠
=

 

Thus, at an optimum, the covariance term must be negative, which means that the 

producer overhedges.  Note that in this case, the producer overhedges even more than 

in case 1.  || 

 

The results are summarized in Figure 3.1. 
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Figure 3.1:  Optimal hedging in the case of put options 
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The benchmark case where the producer has full access to the bond market is in given 

by the dot and results in overhedging.  In this case, the covariance term 
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 is zero.  The thin part of the line is the case where the 

producer has restricted borrowing, which implies a positive covariance term.  

Depending on the size of the covariance, this will result in the possibility of 

underhedging, full hedging and overhedging.  If the producer faces a restricted 

lending constraint (i.e., 
( )
( )0

0j
j

U c
Cov , X S

U c
δ

+⎛ ⎞′
⎜ ⎡ ⎤ ⎟− <⎣ ⎦⎜ ′⎝ ⎠

⎟
), his optimal put position is 

given by the thick part of the line.  In this case, the producer overhedges, and even 

more than in the benchmark case 1. 
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Theorem 3.4:  If the producer uses put options in his optimization problem, he will 

decrease total production relative to hedging with unbiased forward contracts.82 

 

Proof:  A long position in puts increases future consumption in the states of the world 

where the put ends up in the money.  This means that buying puts (weakly) decreases 

the producer’s implicit state prices because of two reasons.  Recall that the producer’s 

implicit state prices are given by 
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′
. 

 Since buying puts increases future consumption in the “bad” states of the 

world, the numerator for these states of the world decreases because of declining 

marginal utility.  Since buying puts also decreases current consumption the 

denominator increases which will make the state prices go down for every state of the 

world.  Thus, buying more puts decreases all implicit state prices.  Now suppose we 

have an equilibrium in which the producer does not use puts, so that : 0n =P
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If we now add put options by increasing , this decreases the implicit state prices 

and therefore decreases .  Puts therefore lead to a reduction in output.  || 

Pn

y

                                                           
82  Note that, if no derivatives are available for hedging purposes, production price risk is at a 

maximum.  If puts are introduced, they can partially eliminate price risk, which gives the producer 
an incentive to increase production. As a result, optimal production given put hedging is in 
between the no-hedging and the hedging-with-forwards case. Furthermore, note that this theorem 
assumes that the producer does not have access to risk-free borrowing and lending.  We thank 
Günther Franke for pointing this out. 
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The previous theorems have discussed the (separate) use of puts and forwards in the 

producer’s decision.  The next theorem proves properties of the combined use of these 

instruments. 

 

Theorem 3.5:  If the market forward price and the market put price are unbiased, the 

producer will decrease his total production, buy put options and fully hedge his total 

output with forward contracts. 

 

Proof:  If the producer can use unbiased forwards and puts, he has to solve the 

following maximization problem: 
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resulting in the following first-order conditions: 
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Consider the choice of the number of puts first.  As shown in Theorem 3.3, the 

optimal number of put options depends on the producer’s access to the bond market, 

which can result in underhedging, overhedging, and full hedging.  Furthermore, 

similar to Theorem 3.4, this results in the producer lowering his output related to the 

case in which he can hedge with unbiased forward contracts.  Finally, the second part 

of equation (3.19) is solved if the producer, as can be expected, fully hedges his total 

output.  || 

 

Contrary to the traditional papers on optimal hedging and producing, there is a 

hedging role for both forwards and options, even if there is only one stochastic factor. 

 

 

3.4 CONCLUSIONS 

In this chapter, we examine two issues which have caused some confusion in the 

optimal hedging literature.  We derive general conditions under which market prices 

for forward and put contracts can both be unbiased; this is to hold under risk neutrality 

or if a technical condition related on the state probabilities holds.   

 Our second line of research relates to optimal hedging by a producer who can 

use both puts and forwards to hedge production.  This problem has interest mainly in 

the case where the producer’s state prices are different from the market state prices:  if 

both market and private state prices are identical, then hedging by producers is not an 

issue. 

 When the market state prices differ from the producer’s private state prices, 

we show that unbiasedness of the forward price will lead to a full hedge, even though 
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the producer will consider the forward contract to be overpriced.  Furthermore, the 

production and hedging decisions can be separated.  Unbiasedness of the put price 

will lead to the producer taking a long position in the put.  The optimal put position 

depends on the producer’s access to the bond market.  This can lead to underhedging, 

full hedging and overhedging.  Furthermore, if the producer uses puts to hedge his 

price exposure, optimal production will decrease.  Finally, if both the prices of 

forward contracts as well as put options are unbiased there is a hedging role for put 

options. 
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CChhaapptteerr  44    
 

TTHHEE  EEFFFFEECCTT  OOFF  MMAANNAAGGEERRIIAALL  
CCOOMMPPEENNSSAATTIIOONN  OONN  OOPPTTIIMMAALL  PPRROODDUUCCTTIIOONN  
AANNDD  HHEEDDGGIINNGG  WWIITTHH  FFOORRWWAARRDDSS  AANNDD  PPUUTTSS 

 

 

4.1 INTRODUCTION 

This chapter considers the effect of managerial compensation on the desired 

production and hedging policies for a competitive commodity producer.  Over the last 

three decades, optimal production and hedging policies by competitive commodity 

producers have been the object of considerable research.  Furthermore, company stock 

and call options have become a very important component in managerial 

compensation plans.  For instance, Hall and Murphy (2002) report that stock-based 

compensation for CEOs in the S&P 500 grew from 30% of total compensation in 

1992 to 56% in 1998.  This growth in equity-linked compensation is primarily due to 

a rise in call-option grants, growing from 23% in 1992 to 48% of total compensation 

in 1998.  Hall (2002) argues that this proportion of equity-linked compensation further 

increases to 66% in 2001.83  Within managerial payment programs, especially call 

compensation is highly criticized because managers are accused of enriching 

themselves at the expense of shareholders.  Since the value of a call is a positive 

function of the volatility of the firm, managers may be inclined to increase firm risk in 

                                                           
83 Presentation at the HBS Executive Compensation Workshop on October 10, 2002. 
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order to maximize the expected payoff on their calls.  This argument, however, 

ignores that unlike outside investors, managers are usually not well-diversified since 

most of their capital is tied to the value of the firm.  This is caused by the fact that 

managers are prohibited from trading in their own company’s stock, short-selling this 

company stock, or hedging company call options.  If they were able to do so, a 

manager could sell all firm-related wealth and invest optimally on the capital market 

line.  However, since a large proportion of the manager’s wealth is generally tied to 

the value of the firm, both in the case of company stock as well as call compensation, 

it is essential to assume that this manager is risk averse and maximizes his expected 

utility of future consumption.  This implies that the manager faces a trade-off between 

increasing company risk (thereby increasing the value of his calls) and decreasing 

company risk because he is risk averse.  This causes a possible conflict of interest 

between the stockholders and the managers of the firm, since diversified stockholders 

are concerned about maximizing the market value of the firm, whereas managers want 

to optimize their expected utility of consumption.   

 

This chapter analyzes the effect of managerial risk aversion on both optimal 

production as well as risk management decisions by the use of forward contracts and 

put options.  By combining the literature of optimal hedging with the literature on 

managerial compensation, we are able to evaluate the relationship between managerial 

compensation, risk taking and managerial behavior.  Equity-linked pay, such as stock 

and call-option compensation, is usually introduced to mitigate the standard manager-

shareholder conflict:  securities are granted to inspire the manager of the firm to act in 

the interest of shareholders, by tying managerial compensation to the market value of 
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the firm.  In the context of this debate, we examine whether managers are given the 

right incentives for choosing the hedging policy preferred by the owner of a firm.  If a 

manager is given the right incentives, his preferred production and hedging strategies 

will coincide with those of the owner, resulting in incentive compatibility between the 

optimal decisions for the manager and the shareholders of the firm. 

The amount of compensation paid to managers has been a hot item in recent 

years. Opponents of equity-linked compensation often argue that managers receive 

exorbitantly high pay levels in case of stock and call compensation.  Hall and Murphy 

(2000, 2002) and Meulbroek (2000), however, argue that due to the fact that managers 

are less diversified than the marginal investor on the stock market, the managerial 

value of equity-linked compensation is much less than the market value.  First of all, 

since managers are undiversified and risk averse, the managerial discount rate is 

(partly) determined by undiversifiable risks, which increases this discount rate.  

Secondly, the fact that the options are not tradable, further decreases the managerial 

value relative to the market value.  Jensen and Murphy (1990) argue that, for 

providing the right incentives, it is less important how much managers are paid than 

the way in which they are paid (i.e., it is the kind of compensation that matters). 

 Surprisingly, this type of managerial compensation analysis has not yet been 

introduced into the corporate hedging literature.84  Therefore, this chapter extends the 

existing literature by analyzing the effect of the two most common compensation 

                                                           
84  There is a sizable literature on hedging and production.  Among many others, Danthine (1978), 

Holthausen (1979), and Feder, Just, and Schmitz (1980) examine optimal hedging and production 
decisions and show that, in case of unbiased forward prices, the well-known separation theorem 
holds and that the optimal hedge is given by a full hedge.  Optimal production and put hedging has 
also been examined by Battermann, Braulke, Broll, and Schimmelpfennig (2000) and Benninga 
and Oosterhof (2004).  They show that the optimal put hedge is an overhedge and that optimal 
production is higher with forward than with put hedging. 
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schemes on the optimal hedging policy by a competitive firm.  We examine the 

optimal production and hedging strategies for the manager of a competitive 

commodity firm who is granted a cash-based salary in combination with either shares 

of stock or, as an alternative, at-the-money call options.85  The manager can hedge 

commodity price risk with either forward contracts or put options, for both of which 

the pricing is assumed to be unbiased.86  Within this analysis, we extend the existing 

line of literature by assuming that markets are incomplete in the sense that the implicit 

pricing system of individual agents may differ from the consensus in the market (see 

also Chapter 3).87  Since a private implicit pricing system (i.e., the state prices from 

which all financial assets are perceived to be priced) is derived from individual utility 

functions, managerial state prices may differ from those of the primary owner of the 

firm (the latter will also be indicated as “the producer”, in accordance with Chapter 

3).  Furthermore, both sets of prices may differ from the market state prices.  As a 

consequence, any agent in the economy may agree or disagree with the market prices 

which, from an empirical point of view, is to be expected.  Since all individuals have 

different preferences, the private value of a state-dependent security may differ among 

these individuals.  However, by definition of competitive markets, the market price of 

any tradable asset is given and cannot be influenced by any individual, i.e., also not by 

the manager of the firm nor the producer himself.  Optimal decision making is 

therefore driven by the differences between the fixed market prices and perceived 

                                                           
85  Among many others, Hall and Murphy (2000, 2002) report that managerial stock options are 

usually issued at the money. 
86  See Chapter 3 for a detailed analysis of pricing unbiasedness. 
87  In general, in incomplete markets there is no unique implicit price system.  However, for ease of 

exposition, we assume that the prevailing asset prices in the market are considered to be based on a 
consensus set of state prices, to be labeled as market state prices. 
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private prices (i.e., the price the manager or producer are willing to pay, given their 

utility functions). 

 

In this chapter, we derive a number of new results.  First, we show that if the manager 

can use unbiased forward contracts to hedge the firm’s commodity price risk, then 

both stock as well as at-the-money call compensation will result in the well-known 

full hedging and separation theorems.  Furthermore, since full hedging is also optimal 

for the primary owner of the firm, this implies that there is incentive compatibility 

between the owner and the manager of the firm.  This result is independent of the 

assumption of market incompleteness.  Second, if the manager uses unbiased put 

options as a hedging device, this results in overhedging the commodity price risk 

exposure for both cases of equity-linked compensation.  Furthermore, given hedging 

with unbiased put options, the well-known separation theorem does not hold.  The 

overhedge decreases as managerial equity-linked compensation increases and the 

overhedge also decreases as the manager’s degree of risk aversion increases.  

Numerical exercises confirm the theorems and lemmas derived, and show that 

incentive compatibility between the manager and the primary owner of the firm rarely 

ever occurs.  However, under reasonable parameter values, the desired strategies do 

not differ very much implying that the primary owner of the firm is not harmed too 

much by the hedging and production strategies, which are suboptimal from his point 

of view. 

 The remainder of this chapter is organized as follows.  Section 4.2 sets out our 

model.  In Section 4.3, we derive the optimal hedging strategies if the manager can 

hedge commodity price risk with forward contracts, whereas Section 4.4 analyzes the 

 89



CHAPTER 4:   THE EFFECT OF  MANAGERIAL COMPENSATION ON OPTIMAL  
 PRODUCTION AND HEDGING WITH FORWARDS AND PUTS 

impact of managerial compensation on optimal hedging with put options.  Section 4.5 

provides a numerical analysis of the analytical results derived before.  We summarize 

our findings in Section 4.6. 

 

 

4.2 THE MODEL 

We employ a two-date framework where today is denoted as time 0 and the future as 

time 1. At time 1, N possible states of the world can occur.  The model’s single asset 

has a spot price  today and 0S { }1 2= NS S ,S ,...,S  prices in the states of the world 

tomorrow.  The state probabilities are given by { }1 2 N, ,...,π π π π= , and the implicit 

state prices by which financial assets are priced are denoted as { }1 2 Nq q ,q ,...,q= .  

The essence of our analysis is that the market is assumed to be incomplete in the sense 

that there is no unique state-price vector, and private implicit state prices will, in 

general, differ across individual agents on the market.  This will cause the manager to 

value financial claims according to his private personal state prices and – therefore – 

hedge commodity price risk according to these private values (see Benninga and 

Oosterhof, 2004).  Recall from Chapter 3 that the private state prices are derived from 

his utility function and given by 
( )
( )0

j
j j

U c
q

U c
δπ

′
=

′
, in which δ  is the manager’s pure 

rate of time preference.  Consider a firm, which has already decided on its production 

technology and sells a single product in a competitive market.  Henceforth, we will 

call the initial owner of this firm the producer.  Consider the situation in which the 

producer has employed a manager who is responsible for the production and hedging 

policy of the firm.  This manager is granted cash in combination with either shares of 
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stock or call options in his compensation plan.  The manager is, however, prohibited 

from selling his shares and call options at date 0.88 

 We assume that, at time 0, the manager has to derive the optimal production 

and risk management decisions and that output y is non-stochastic at time 1.  The cost 

function  is strictly increasing and convex such that ( )C y ( )0 0C ≥ , , and 

.  The producer faces uncertainty because the future price of the products 

sold is random.  At time 1, uncertainty regarding this commodity price is resolved.  

Furthermore, if the manager has decided to hedge, the forward and put contracts may 

pay off at this time.  Assuming that the producer invests the initial wealth  at the 

risk-free rate of interest, future firm value  and stock price  are given by: 

( ) 0C y′ >

( ) 0C y′′ >

0W

jY jV

 
(4.1) ( )( ) ( ) ( ) ( ) ( )( )0 1 1

+
⎡ ⎤= − ⋅ + + ⋅ + ⋅ − + ⋅ − − ⋅ +⎣ ⎦j f j F j P P j PY W C y r S y n S F n X S P X rf  

(4.2) j
j

V

Y
V

n
=  

 

where  is the risk-free rate of interest,  is the number of forward contracts with a 

forward price equal to F, 

fr Fn

Pn  is the number of puts with an exercise price of PX  and a 

price equal to ( )PP X , whereas  represents the total number of shares outstanding. Vn

 We assume that the manager, who is responsible for the hedging and operating 

policies of the firm, maximizes a strictly concave Von Neumann-Morgenstern utility 

function U defined over his future consumption .  Since the manager is strictly risk 

averse,  and 

jc

( ) 0jU c′ > ( ) 0jU c′′ < .  We consider the two most common 
                                                           
88  Since stock and call compensation is issued to motivate managers to act in the interest of 

shareholders, it is essential that they are non-tradable and that managers are not allowed to short-
selling company stocks and options.  If the manager can sell or hedge his equity-linked 
compensation, his personal wealth is not tied to the value of the firm, giving him no incentives at 
all to act in the interest of shareholders.  
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compensation schemes for the manager.  We first analyze the case where the 

manager’s salary is paid in cash and shares of stock.  Secondly, we consider the effect 

of managerial compensation by cash and call options on the optimal hedging and 

production policies. 

 With respect to the first case, suppose for now that the manager owns a total 

number of  shares of stock.  Besides making the optimal production decision, the 

manager can also choose the number of forward and put contracts to hedge price risk 

exposure.  However, since his personal wealth depends on the value of the firm, he 

can use these derivatives in order to maximize his expected utility of consumption.  In 

this case his maximization problem becomes: 

Sn

 

(4.3) 

( ) ( )
1F P

N

j jn ,n ,y j

j S j

Max E U c U c

s.t.
c W n V

δ π
=

=⎡ ⎤⎣ ⎦

= + ⋅

∑
 

 

where δ is the manager’s pure rate of time preference,  is consumption in state j, 

and 

jc

W  is his cash-based salary.  The relevant first-order conditions for solving 

optimization problem (4.3) in case of forwards, puts, and production, respectively, are 

given below: 
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(4.4) 

( ) ( )( )

( )( )

( ) ( ) ( ) ( )( )( )

1

,

0

N
S

j j j
jF V

S
j j

V

S
j j j j

V

dE U c n U c S F
dn n

n E U c S F
n
n E U c E S F Cov U c S F
n

δ π

δ

δ

=

⎡ ⎤⎣ ⎦ ′= ⋅ ⋅ −

⎡ ⎤′= ⋅ ⋅ −⎣ ⎦

⎡ ⎤ ⎡ ⎤′ ′= ⋅ ⋅ − + −⎣ ⎦ ⎣ ⎦

=

∑

 

(4.5) 

( ) ( ) ( )( )( )
( ) ( )( )( )
( ) ( )( ) ( )( )( )

1
1

1

1 ,

0

N
S

j j P j P f
jP V

S
j P j P f

V

S
j P j P f j P j

V

dE U c n U c X S P X r
dn n

n E U c X S P X r
n
n E U c E X S P X r Cov U c X S
n

δ π

δ

δ

+

=

+

+ +

⎡ ⎤⎣ ⎦ ′ ⎡ ⎤= ⋅ ⋅ − − +⎣ ⎦

⎡ ⎤′ ⎡ ⎤= ⋅ ⋅ − − +⎣ ⎦⎢ ⎥⎣ ⎦

⎡ ⎤⎡ ⎤′ ′⎡ ⎤ ⎡= ⋅ ⋅ − − + + − ⎤⎣ ⎦ ⎣⎣ ⎦ ⎢ ⎥⎣ ⎦

=

∑

⎦

 

(4.6) 

( ) ( ) ( )( )( )

( ) ( )( )( )

( ) ( )( )( ) ( ) ( )( )( )( )( )

1

1

1

1 ,

0

N
S

j j j f
jV

S
j j f

V

S
j j f j j f

V

dE U c n U c S C y r
dy n

n E U c S C y r
n
n E U c E S C y r Cov U c S C y r
n

δ π

δ

δ

=

⎡ ⎤⎣ ⎦ ′ ′= ⋅ ⋅ − +

⎡ ⎤′ ′= ⋅ ⋅ − +⎣ ⎦

⎡ ⎤⎡ ⎤′ ′ ′ ′= ⋅ ⋅ − + + − +⎣ ⎦ ⎣ ⎦

=

∑

1

 

 

Recall from Chapter 3 that the forward price is said to be unbiased if 

, and that the put price is unbiased if 
1

N

j j
j

F E S Sπ
=

⎡ ⎤= =⎣ ⎦ ∑

( ) ( ) ( )
1

1 1

N

j P j
P j j

P
f f

X SE X S
P X

r r

π
+

+

=

⎡ ⎤−⎣ ⎦⎡ ⎤−⎣ ⎦= =
+ +

∑
.89  If the forward and the put price are 

unbiased, equations (4.4) and (4.5) reduce to: 

 

(4.7) 
( ) ( ) ( )( ), 0S

j j
F V

dE U c n Cov U c S F
dn n

δ
⎡ ⎤⎣ ⎦ ′= ⋅ ⋅ − =  

                                                           
89  For details on unbiasedness of forward and put prices, see e.g., Benninga and Oosterhof (2004) 

(i.e., see Chapter 3 of this dissertation). 

 93



CHAPTER 4:   THE EFFECT OF  MANAGERIAL COMPENSATION ON OPTIMAL  
 PRODUCTION AND HEDGING WITH FORWARDS AND PUTS 

(4.8) 
( ) ( )( ), 0S

j P j
P V

dE U c n Cov U c X S
dn n

δ
+⎡ ⎤⎣ ⎦ ′ ⎡ ⎤= ⋅ ⋅ − =⎣ ⎦  

 

The second case to consider is when the manager is rewarded a cash-based salary and 

additionally receives a number of call options on the firm’s stock price, exercisable at 

time 1.  Again, the manager can choose the number of forward and put contracts, as 

well as total production of the firm.  If the manager is awarded a total number of  

calls with an exercise price equal to 

Cn

CX , his maximization problem becomes: 

 

(4.9) 

( ) ( )
1F P

N

j jn ,n ,y j

j C j C

Max E U c U c

s.t.

c W n V X

δ π
=

+

=⎡ ⎤⎣ ⎦

⎡ ⎤= + ⋅ −⎣ ⎦

∑
 

 

The relevant first-order conditions for solving the optimization problem (4.9) in case 

of the optimal number of forwards, puts and production, respectively, are: 

 

(4.10) 

( ) ( )( )

( )( )

( ) ( ) ( ) ( )( )( )

1

,

0

N
C

j j j
jF V

C
j j

V

C
j j j j

V

dE U c n U c S F
dn n

n E U c S F
n
n E U c E S F Cov U c S F
n

δ π

δ

δ

=

⎡ ⎤⎣ ⎦ ′= ⋅ ⋅ −

⎡ ⎤′= ⋅ ⋅ −⎣ ⎦

⎡ ⎤ ⎡ ⎤′ ′= ⋅ ⋅ − + −⎣ ⎦ ⎣ ⎦

=

∑
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(4.11) 

( ) ( ) ( )( )( )
( ) ( )( )( )
( ) ( )( ) ( )( )( )

1
1

1

1 ,

0

N
C

j j P j P f
jP V

C
j P j P f

V

C
j P j P f j P j

V

dE U c n U c X S P X r
dn n

n E U c X S P X r
n
n E U c E X S P X r Cov U c X S
n

δ π

δ

δ

+

=

+

+ +

⎡ ⎤⎣ ⎦ ′ ⎡ ⎤= ⋅ ⋅ − − +⎣ ⎦

⎡ ⎤′ ⎡ ⎤= ⋅ ⋅ − − +⎣ ⎦⎢ ⎥⎣ ⎦

⎡ ⎤⎡ ⎤′ ′⎡ ⎤ ⎡= ⋅ ⋅ − − + + − ⎤⎣ ⎦ ⎣⎣ ⎦ ⎢ ⎥⎣ ⎦

=

∑

⎦

 

(4.12) 

( ) ( ) ( )( )( )

( ) ( )( )( )

( ) ( )( )( ) ( ) ( )( )( )( )( )

1
1

1

1 ,

0

N
C

j j j f
jV

C
j j f

V

C
j j f j j f

V

dE U c n U c S C y r
dy n

n E U c S C y r
n
n E U c E S C y r Cov U c S C y r
n

δ π

δ

δ

=

⎡ ⎤⎣ ⎦ ′ ′= ⋅ ⋅ ⋅ ⋅ − +

⎡ ⎤′ ′= ⋅ ⋅ ⋅ − +⎣ ⎦

⎡ ⎤⎡ ⎤′ ′ ′ ′= ⋅ ⋅ − + + − +⎣ ⎦ ⎣ ⎦

=

∑

1

 

 

If the prices of the forward contracts and the put options are unbiased, equations 

(4.10) and (4.11) reduce to: 

 

(4.13) 
( ) ( ) ( )( ), 0C

j j
F V

dE U c n Cov U c S F
dn n

δ
⎡ ⎤⎣ ⎦ ′= ⋅ ⋅ − =  

(4.14) 
( ) ( )( ), 0C

j P j
P V

dE U c n Cov U c X S
dn n

δ
+⎡ ⎤⎣ ⎦ ′ ⎡ ⎤= ⋅ ⋅ − =⎣ ⎦  

 

Thus, if both the prices of forward contracts and put options are unbiased predictors of 

their future payoff, the optimal hedging policy is to choose the number of forward 

contracts and put options such that the covariance between the marginal utility of 

managerial consumption and the payoff on the derivative instruments is zero.  Given 

unbiasedness of forward and put prices, this optimization problem holds for any 

compensation package.  Specifically, in the case of this chapter it holds for equations 

(4.7), (4.8), (4.13), and (4.14). 
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4.3 OPTIMAL HEDGING AND PRODUCTION WITH FORWARD CONTRACTS 

In this section, we derive the effect of stock and call compensation on the optimal 

production and hedging policy, given the availability of unbiased forward contracts.  

We consider the case where the manager is awarded a cash-based salary equal to W  

and additionally receives a total number of  shares of stock or, alternatively,  

call options.90 

Sn Cn

 

Theorem 4.1:  If the forward price is unbiased, a manager who is compensated with 

either shares of stock or at-the-money call options will fully hedge the firm’s 

commodity price risk.  Furthermore, there will be separation between the hedging and 

the production decision. 

 

Proof:  Consider the case where the manager has been awarded call options in his 

compensation plan.  Since the call options have been issued at the money, the exercise 

price of the call options, CX , equals: 

 

(4.15) 
( )0 0

0
1

N

C j j
j V

W S y C y
X V q V

n=

+ ⋅ −
= = =∑  

 

Since consumption for the manager is given by j C jc W n V X
+

C⎡ ⎤= + ⋅ −⎣ ⎦ : 

 

                                                           
90  Note that we implicitly assume that the present value managerial compensation payments – 

whether this concerns cash, call options, or stocks – is already incorporated into current firm value 
(i.e., firm value , by means of , has been decreased by the present value of these payments). 0V 0W
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( ) ( )( ) ( ) ( )0

j

       if 

1

       if 

=

≤

− ⋅ + + ⋅ + ⋅ −
= + ⋅ − = + ⋅

>

j

j C

f j F j
j C j C C

V

C

c W

V X

W C y r S y n S F
c W n V X W n

n
V X

 

 

If we consider the benchmark case of a full hedge, in which ynF −= , then the time-1 

stock price is given by: 

 

(4.16) 

( )( ) ( ) ( )

( )( ) ( )

0

0

1

1

f j j
j

V

f

V

W C y r S y y S F
V

n

W C y r F y
n

− ⋅ + + ⋅ + ⋅ −
=

− ⋅ + + ⋅
=

 

 

Hence, since the call options are issued at the money, the payoff on a call option 

always equals: 

 

(4.17) 

( )( ) ( ) ( )( )

( )( ) ( )

( )( )

0 0

0 0 0

0 0

1

1

+

+

+

⎡ ⎤− ⋅ + + ⋅ − − + ⋅
⎡ ⎤− = ⎢ ⎥⎣ ⎦ ⎢ ⎥⎣ ⎦

⎡ ⎤− ⋅ + + ⋅ − ⋅
= ⎢ ⎥
⎢ ⎥⎣ ⎦
⋅ − + ⋅

=

f
j C

V

f f

V

f

V

W C y r F y W C y S y
V X

n

W C y r S r y S y
n

r W C y S y
n

0

 

 

which shows that, upon exercise, the call is always in the money.  Since the payoff is 

strictly constant, it is independent of .  This means that utility, and therefore jS
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marginal utility, is also constant which implies that the optimal hedge is a full hedge 
since the covariance term ( ) ( )( ,j jCov U c S F′ − )  is zero.  This satisfies first-order 

condition (4.13).  A full hedge is therefore the optimal policy for a risk-averse utility-

maximizing manager.  Now consider the optimal production decision.  Multiplying 

first-order condition (4.12) by V

C

n
n

 and dividing by ( )0U c′  yields: 

 
( )

( )
( )
( ) ( )( )( )

( )( ) ( )
( ) ( )( ) ( )

( )

10 0

0 0

1

1 1

N
jV

j j f
jC

f f

U cdE U c n S C y r
dy n U c U c

U c U c
E S C y r E Cov S C y r

U c U c

δ π

δ δ

=

′⎡ ⎤⎣ ⎦ ′⋅ = ⋅ ⋅ − +
′ ′

,
⎡ ⎤ ⎛′ ′

⎡ ⎤′ ′= − + + − +⎜ ⎟⎢ ⎥⎣ ⎦ ⎜ ⎟′ ′⎢ ⎥

⎞

⎣ ⎦ ⎝

∑

⎠

 

However, since the manager engages in a full hedge, ( )U c′  is constant (i.e., 

( ) ( )U c U c′ ′= ) which allows us to rewrite the first-order condition as:91 

 
( )

( ) ( )( ) ( )
( ) ( )( ) ( )

( )
( )( )

( )

( )

0 0

1 1

1

1

1

V
f f

C

f

f

f

dE U c U c U cn E S C y r E Cov S C y r
dy n U c U c U c

E S C y r

r

F C y
r

S C y

δ δ
⎡ ⎤

0

,
⎡ ⎤ ⎛′ ′⎣ ⎦ ⎡ ⎤′ ′⋅ = − + + − +⎜ ⎟⎢ ⎥⎣ ⎦ ⎜ ⎟′ ′⎢ ⎥

⎞
′⎣ ⎦ ⎝

⎡ ⎤ ′− +⎣ ⎦=
+

′= −
+

′= −

⎠

                                                          

 

This completes the proof in the case of call compensation.  The proof for the case of 

stock compensation is similar.92  || 

 
91  Henceforth, a bar ( ¯ ) is used to denote a non-random variable. 
92  See e.g., Holthausen (1979), Feder, Just and Schmitz (1980), and Benninga and Oosterhof (2004).  

See also Theorem 3.2 in Chapter 3 of this dissertation. 
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By Theorem 4.1, production is extended up to the point where the marginal costs of 

production equal the current spot price and the optimal forward position is to fully 

hedge the firm’s price risk exposure.  Thus, the risk preferences of the manager do not 

influence his optimal production decision, nor the optimal forward hedge.  This 

implies that the optimal hedge is a full hedge and that there is separation between the 

production and hedging decision.  Furthermore, note that Theorem 4.1 shows that the 

optimal hedging policy for the manager is exactly the same as if he were the owner of 

the firm.  This implies that the manager exactly hedges in the way the owner of the 

firm should want him to (i.e., there is incentive compatibility).  This implication 

deserves some further attention.  If the owner of a firm can hedge the firm’s price 

exposure with unbiased forward contracts, this results in a risk-free gain since the 

forward price is greater than the current spot price.  Naturally, this is the optimal 

result for any risk-averse agent in the economy, so this result also applies directly to 

the manager in case he becomes a partial shareholder.  The same argument holds in 

the case of granting the manager with at-the-money call options.  Since the exercise 

price of the call options equals the current spot price of the firm, hedging the price 

risk of the firm with unbiased forward contracts leads to a risk-free gain since future 

firm value is always greater than current firm value (which equals the exercise price 

of the calls).  Again, a full hedge is the optimal position for any risk-averse agent in 

the economy.  Thus, even though the manager can be awarded the two most common 

kinds of compensation, in both cases, he will engage in a full hedge and there is 

separation between the production and hedging decision. 
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4.4 OPTIMAL HEDGING AND PRODUCTION WITH PUT OPTIONS 

4.4.1 Optimal hedging and production decisions 

In this section, we analyze the effect of managerial compensation on the optimal 

production and hedging policy if the manager can hedge the firm’s commodity price 

exposure with put options.  First consider the case where the manager is awarded a 

cash-based salary and a total number of  shares of stock.  If the manager uses puts 

for hedging purposes, the time-1 stock price equals:93 

Sn

 

(4.18) 
( )( ) ( ) ( ) ( )( )0 1 1f j P P j P f

j
V

W C y r S y n X S P X r
V

n

+
⎡ ⎤− ⋅ + + ⋅ + ⋅ − − ⋅ +⎣ ⎦

=  

 

and, assuming unbiased put prices, the manager has to satisfy first-order equation 

(4.8).94 

 

Theorem 4.2:  If the manager is compensated with shares of stock, hedging with 

unbiased put contracts results in overhedging the firm’s commodity price risk. 

 

                                                           
93  Like in Theorem 4.1, we again implicitly assume that the present value of managerial 

compensation payments – whether this concerns cash, call options, or stocks – is already 
incorporated into current firm value.  See also footnote 90. 

94  A more or less similar analysis can be found in Battermann, Braulke, Broll, and Schimmelpfennig 
(2000) and Benninga and Oosterhof (2004).  See also Chapter 3 of this dissertation. 
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Proof:  First note that the value of the firm  equals: jV

 

(4.19) 

( )( ) ( ) ( ) ( )( )

( )( ) ( ) ( ) ( )( ) ( )

0

0

1 1

1 1

f j P P j P f
j

V

f P P f j P
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n

W C y r n X P X r S y n

n

− ⋅ + + ⋅ + ⋅ − − ⋅ +
=

− ⋅ + + ⋅ − ⋅ + + ⋅ −
=

 

 

if the put expires in the money, and that: 

 

(4.20) 
( ) ( )( ) ( )0 1P P f j

j
V

W C y n P X r S y
V

n
− − ⋅ ⋅ + + ⋅

=  

 

if the put expires out of the money.  Consider the benchmark case of a full hedge.  In 

this case, equations (4.19) and (4.20) reduce to: 

 

(4.21) 
( )( ) ( ) ( ) ( )( )0 1 1f P P

j
V

W C y r y X P X r
V

n

− ⋅ + + ⋅ − ⋅ +
=

f
     if  j PS X≤

(4.22) 
( )( ) ( ) ( ) ( )( )0 1 1f j P

j
V

W C y r y S P X r
V

n

− ⋅ + + ⋅ − ⋅ +
=

f
     if  j PS X>

 

Examination of equations (4.21) and (4.22) shows that the stock price is constant until 

the exercise price is reached, and strictly increasing in  afterwards.  Managerial 

marginal utility of consumption is therefore constant until the exercise price is 

reached, and strictly decreasing in  thereafter.  Since the put payoff is – as a 

consequence – a constant and decreasing function in , this implies a positive 

covariance between managerial marginal utility of consumption and the put payoff 

S

S

S
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(i.e., ).  If the producer has full access to the bond 

market, the covariance term must be zero (see Theorem 3.3 in Chapter 3).  The 

manager must therefore increase the put position in order to maximize his personal 

utility of consumption, which results in overhedging.  This completes the proof.  || 

( )( ),j P jCov U c X S
+

′ ⎡ ⎤− >⎣ ⎦ 0

 

Theorem 4.3:  If the manager’s compensation package consists of cash and at-the-

money call options on the time-1 stock price then, given unbiasedness of the put price, 

the optimal hedge is an overhedge using at-the-money put options. 

 

Proof:  If the manager hedges the producer’s price risk with at-the-money put 

options, the exercise price of the put equals 0
1

N

P j j
j

X q S S
=

= ⋅ =∑ .  Furthermore, since 

the put price is unbiased ( ) ( )
1

1
N

P f j P j
j

P X r X Sπ
+

=

⎡ ⎤⋅ + = −⎣ ⎦∑ .  This results in the time-

1 stock price equaling: 

 

(4.23) 
( )( ) ( ) ( ) ( )( )0 1 1f j P P j P f

j
V

W C y r S y n X S P X r
V

n

+
⎡ ⎤− ⋅ + + ⋅ + ⋅ − − ⋅ +⎣ ⎦

=  

 

Assume that the manager fully hedges total production, implying that .  

Depending on whether the put expires in or out of the money, there are four 

possibilities for future firm value and, therefore, managerial consumption.  Take a 

look at the situation where the put expires in the money, i.e., 

Pn y=

jS X P< .  In this case 

the stock price is constant and given by: 
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(4.24) 

( )( ) ( ) ( ) ( )( )
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n

W C y r S y y P X r
n

W C y y P X r S y
n

+
⎡ ⎤− ⋅ + + ⋅ + ⋅ − − ⋅ +⎣ ⎦

=

⎡ ⎤− ⋅ + + ⋅ + ⋅ − − ⋅ +⎣ ⎦=

− ⋅ + + ⋅ − ⋅ ⋅ +
=

− − ⋅ ⋅ + + ⋅
=

 

Given that ( )
F

C n
yCySWX −⋅+

= 00 , it can be concluded that Cj XV
>
< . 

 So, if the put ends in or at the money, it is not immediately evident whether the 

call options expire in, at, or out of the money.  The payoff on a call option, which is 

given by: 

 

(4.25) 

( ) ( )( ) ( ) ( )( )

( )( ) ( ) ( )

0 0 0

0

1

1

P f
j C

V

f P f

V

W C y y P X r S y W S y C y
V X

n

r W C y y P X r
n

0

+

+

+

⎡ ⎤− − ⋅ ⋅ + + ⋅ − + ⋅ −
⎡ ⎤− = ⎢ ⎥⎣ ⎦ ⎢ ⎥⎣ ⎦

⎡ ⎤⋅ − − ⋅ ⋅ +
= ⎢ ⎥
⎢ ⎥⎣ ⎦

 

 

can therefore be both positive as well as zero, depending on the initial wealth of the 

firm and the commodity price at time 1.  In order to analyze the covariance term 

, we have to consider the following 2 cases: ( )( ),j P jCov U c X S
+

′ ⎡ −⎣ ⎤⎦

 

Case 1:  The first case to consider is when initial firm wealth 

( )
( ) ( )

0

1P f

f

y P X r
W C y

r
⋅ ⋅ +

> + .  Given initial firm wealth  being larger than this 0W
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threshold, we have to consider the effect of the put payoff on managerial 

consumption: 

a) If the put option expires in the money, the call options pay off a strictly 

positive and fixed amount equaling 
( )( ) ( ) ( )0 1f

j C j C
V

r W C y y P X r
V X V X

n
+ ⋅ − − ⋅ ⋅ +

⎡ ⎤− = − =⎣ ⎦
P f .  Managerial 

consumption  is therefore constant and equals jc

( )( ) ( ) ( )0 1f P
C

V

r W C y y P X r
W n

n

⎛ ⎞⋅ − − ⋅ ⋅ +
⎜ ⎟+ ⋅
⎜ ⎟
⎝ ⎠

f . 

b) If the put option expires out of the money, the call options pay off a strictly 

increasing and positive amount which equals 
( )( ) ( ) ( )( )0 0 1f j P

j C j C
V

W C y r y S S P X r
V X V X

n
+ − ⋅ + ⋅ − − ⋅ +

⎡ ⎤− = − =⎣ ⎦
f

.   

Managerial consumption is therefore also strictly positive and increasing and 

equals 
( )( ) ( ) ( )( )0 0 1f j P f

C
V

W C y r y S S P X r
W n

n

⎛ ⎞− ⋅ + ⋅ − − ⋅ +
⎜ ⎟+ ⋅
⎜ ⎟
⎝ ⎠

. 

 

Case 2:  The second case to consider is where the initial wealth of the firm 

( )
( ) ( )

0

1P f

f

y P X r
W C y

r
⋅ ⋅ +

≤ + .  Again, given that  is smaller than this threshold, 

we have to consider the following possibilities for future managerial consumption: 

0W

a) If the put expires in the money, the call options expire out of the money, 

meaning that .  Managerial consumption is therefore equal to 

the cash-based salary 

0j CV X
+

⎡ ⎤− =⎣ ⎦

W . 
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b) If the put expires out of the money, then, depending on the value of , the 

call options expire in or out of the money. 

jS

i. If the commodity price 
( ) ( )( ) ( )( )0 01P f f

j

y P X r S W C y r
S

y

⋅ ⋅ + + − − ⋅
≤  

the call options expire out of the money, i.e., .  

Therefore, in this case, managerial consumption is constant and equals 

the cash-based salary 

0j CV X
+

⎡ ⎤− =⎣ ⎦

W . 

ii. If the commodity price 
( ) ( )( ) ( )( )0 01P f f

j

y P X r S W C y r
S

y

⋅ ⋅ + + − − ⋅
> , 

the call options expire in the money and will, therefore, payoff a strictly 

increasing and positive amount which is equal to 
( )( ) ( ) ( )( )( )0 0 1f j P f

j C j C
V

W C y r y S S P X r
V X V X

n
+ − ⋅ + ⋅ − − ⋅ +

⎡ ⎤− = − =⎣ ⎦ .  

In this case, the manager’s total consumption at time 1, , equals jc

( )( ) ( ) ( )( )0 0 1f j P f
C

V

W C y r y S S P X r
W n

n

⎛ ⎞− ⋅ + ⋅ − − ⋅ +
⎜ ⎟+ ⋅
⎜ ⎟
⎝ ⎠

. 

 

From this we can conclude that, given a full put hedge, managerial consumption is 

strictly constant until a threshold is reached and strictly increasing afterwards.  In case 

1, where the call always expires in the money, this threshold equals the exercise price 

of the put.  As long as the put is in the money, firm value and, as a consequence, 

managerial consumption is constant.  When the exercise price is reached, firm value is 

a strictly increasing function in , and since the call is always in the money, it is also 

strictly increasing for states of the world where .  In case 2, where the call 

options do not always payoff, the situation is a little less obvious.  If the put option 

S

jS X> P
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expires in the money, the payoff on the calls is always zero.  This payoff remains zero 

until this call ends in the money, which will happen for a threshold value of .  

Managerial consumption is strictly increasing after this threshold.  These results imply 

that the marginal utility of managerial consumption is constant and strictly decreasing 

after the threshold.  Since the put payoff, in either case, is also a strictly decreasing 

function in  until the exercise price is reached and constant thereafter, the 

covariance term 

jS

jS

( )( ),j P jCov U c X S
+

′ ⎡ −⎣ ⎤⎦  is positive.  This implies that the manager 

must increase the put position to maximize his personal utility of wealth, resulting in 

overhedging to satisfy first-order condition (4.14).  This completes the proof.  ⎢⎢ 

 

From Theorems 4.2 and 4.3, it is clear that the optimal put position is to overhedge 

total production.  The following theorem, therefore, analyzes this optimal production 

decision. 95 

 

Theorem 4.4:  Hedging with unbiased put contracts leads to a decrease in production 

relative to hedging with unbiased forward contracts. 

 

Proof:  Consider the case of compensation with call options.  The first-order 

condition that needs to be satisfied by the manager equals 
( ) ( ) ( )( )(

1
1

N
C

j j j f
jV

dE U c n U c S C y r
dy n

δ π
=

⎡ ⎤⎣ ⎦ ′ ′= ⋅ ⋅ ⋅ ⋅ − + =∑ ) 0 .  Multiplying by V

C

n
n

 and 

dividing by  yields: ( )0U c′

                                                           
95  Note that we assume that risk-free lending and borrowing is not possible.  See also footnote 82. 
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So, the first-order condition is satisfied if and only if ( ) ( )
( )1 0

N
j

j j
j

U c
C y S

U c
π δ

=

′
′ =

′∑ .  

Remember that the state prices  are defined as jq
( )
( )0

j
j j

U c
q

U c
δπ

′
=

′
.  From Theorem 

4.3 it is clear that the optimal put position is long.  A long position in a put option 

increases future consumption in the states of the world where the put expires in the 
money which causes, because of declining marginal utility, ( )jU c′  to decrease.  

Furthermore, by paying for the put options today, ( )0U c′  increases.  The implies that 

buying puts will make the implicit state prices go weakly down for every state of the 

world.  Now suppose we have an equilibrium in which the manager does not buy puts, 

so that .  Recall that the first-order condition is satisfied if 0Pn =

( ) ( )
( )1 0

N
j

j
j

U c
C y S

U c
π δ

=

′
′ =

′∑ j .  Consequently, if the manager engages in a long position 

in puts by increasing Pn , this decreases the implicit state prices and therefore leads to 

a reduction in output y.  This completes the proof.  The proof for stock compensation 

is similar.  || 

 

4.4.2 Properties of the optimal hedging decisions 

The Theorems 4.2, 4.3, and 4.4 in the previous subsection show that if a manager is 

rewarded equity-linked compensation and can hedge with unbiased put contracts, this 

results in overhedging.  Furthermore, there will be a decrease in production.  This 
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shows that, contrary to hedging with unbiased forward contracts, hedging with puts 

and equity-linked compensation does not lead to the well-known full hedging and 

separation principles.  Since the amount of the overhedge is dependent on several 

variables we now turn to the properties of this overhedge.96 

 

Lemma 4.1:  If the put price is unbiased, the overhedge decreases as the fraction of 

stock or call compensation increases. 

 

Proof:  Consider the case of stock compensation.  From Theorem 4.2 we know that, 

given full hedging and unbiasedness of the put price, the covariance term 
 is strictly positive.  Assume for now that the manager’s 

total wage is fixed.  An increase in stock compensation therefore leads to a reduction 

in his cash wage.  The manager’s total time-1 consumption therefore equals: 

( )( ),j P jCov U c X S
+

′ ⎡ −⎣ ⎤⎦

 

( )
1

0

N

j S j j
j

S j

c W n q V n V

W n V V

=

⎛ ⎞
= − +⎜ ⎟
⎝ ⎠

= + −

∑ S j
 

 
Since, for analyzing the covariance term ( )( ),j P jCov U c X S

+
′ ⎡ ⎤−⎣ ⎦  the fixed part (i.e., 

0SW n V− ) is unimportant, we can rewrite consumption as .  If the manager 

receives relatively more shares of stock, his equity-linked consumption  increases 

for all states of the world.  Given the strict convexity of the utility function, and 

*
j Sc n V= j

                                                          

*
jc

 
96  Note that in the following two lemmas, the results hold for a given level of production.  If 

production volume is assumed to be endogenous, it is necessary to analyze the joint impact of the 
compensation package on hedging and production. 
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therefore, the strict concavity of managerial marginal utility of consumption, the 
covariance term ( )( )* ,j P jCov U c X S

+
′ ⎡ −⎣ ⎤⎦  decreases.  Therefore, the manager must 

increase the put position less to force the covariance term to be zero, resulting in less 

overhedging.  Since optimal decision making is independent of the amount of cash 

compensation, this result holds irrelevant of whether we assume total compensation to 

remain constant.  This implies that any increase in the fraction of stock compensation 

(i.e., as a proportion of firm value), decreases the optimal overhedge.  This completes 

the proof.  The proof for call compensation is similar  || 

 

Lemma 4.2:  If the put price is unbiased, the overhedge decreases as the manager 

becomes more risk averse. 

 

Proof:  The proof is similar to that of Lemma 4.1.  Given unbiasedness of the put 

price and full hedging with puts, the covariance term ( )( ),j P jCov U c X S
+

′ ⎡ ⎤−⎣ ⎦  is 

strictly positive.  If a manager is more risk averse, marginal utility will be less 

increasing, which causes the covariance term ( )( ),j P jCov U c X S
+

′ ⎡ ⎤−⎣ ⎦  to be less 

positive.  The manager must therefore increase the put position by a smaller amount, 

resulting in less overhedging.  This completes the proof.  || 

 

4.4.3 Conclusions 

In Theorems 4.2, 4.3, and 4.4, as well as in the previous two lemmas, it is shown that 

incentive compatibility between the manager and the primary owner of the firm can 

normally not be expected.  This can be explained by the fact that – contrary to 
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hedging with unbiased forward contracts – the optimal decisions in case of hedging 

with put options depend on individual utility functions and, therefore, on the implicit 

private pricing system.  Because the utility functions of the manager and the producer 

will normally differ and, as a result, also the private state prices will not coincide, 

only in incidental cases will the optimal decisions be the same.  To give a logical case 

of incentive compatibility:  if the primary owner as well as the manager of the firm 

both own half of the shares and have the same utility function with the same level of 

risk aversion, the desired hedging and production policies are exactly the same.  In 

this very specific case, incentive compatibility occurs. 

 Given compensation with call options in addition to cash, incentive 

compatibility between the manager and the owner also rarely ever occurs.  As 

analytically shown in this chapter’s lemmas, the overhedge is a strictly decreasing 

function to the degree that the manager is rewarded more calls and/or to his degree of 

risk aversion.  It can therefore be expected that it is very unlikely that the optimal 

hedging policy for the manager and the primary owner of the firm is the same.  Again, 

as will be shown in the next section, only in some incidental cases, incentive 

compatibility will occur. 

 Since, in the case of hedging with put options, optimal hedging and production 

decisions depend on the specifications of the utility function it is not possible to 

derive analytical closed-form solutions.  As shown in the lemmas derived in this 

chapter, the overhedge and the total amount of production depend on these 

specifications.  If analytical analyses cannot derive immediate conclusions on the 

exact amount of production and put hedging, numerical exercises provide a tool to get 

– at least some – insight in the theorems and lemmas derived.  In the next section we, 
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therefore, turn to the second-best approach of numerical exercises to analyze the 

sensitivity of the model parameter values.  In this section, we critically analyze 

situations in which incentive compatibility does occur. 

 

 

4.5 NUMERICAL RESULTS WITH RESPECT TO PUT HEDGING 

4.5.1 Introduction 

In this section we present the results from numerical exercises regarding the optimal 

put hedge given partial stock and call compensation (i.e., in addition to cash).97  Since 

the driving factor behind our analytical results is market incompleteness, the manager 

of the firm and its primary owner (the producer) may have different private pricing 

systems, which may also differ from the market pricing system.  This causes 

differences in optimal decision making.  As shown in Section 4.3, given the 

availability of linear hedging instruments, there is separation between the hedging and 

production decision resulting in a full hedge of production.  The optimal decisions are 

independent of utility functions and, as a consequence, of the subjective state prices.  

This holds for both (partial) compensation with shares of stock as well as 

compensation with call options.  Given incompleteness of financial markets, 

discrepancies between optimal hedging and production policies arise in case hedging 

is based on unbiased put options.  This is caused by the fact that, in this case, the 

optimal risk management and production decisions do depend on the specifications of 

individual utility functions.  If the primary owner and the manager have a different 

utility function, their implied pricing systems will differ causing conflicts of interest 

                                                           
97  The numerical exercises have been performed using the mathematic program Mathematica. 
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regarding optimal decision making.  As a result, they are likely to disagree on the 

optimal hedge as well as the optimal production decision.  Since the analytical model 

does not provide closed-form solutions on the differences in optimal decision making, 

numerical analyses provide a second-best alternative to analyze the conditions 

influencing these decisions. 

 The objective of this section is threefold.  First of all, for obvious reasons, it is 

important to check whether or not the theorems and lemmas derived in this chapter 

are numerically confirmed.  The second goal is – given numerical confirmation of the 

theoretical results – to analyze the situations in which incentive compatibility between 

the manager and the owner of the firm occurs.  We hypothesize that the optimal 

decisions do not coincide frequently, given the underlying assumptions in our 

analysis.  If markets are incomplete, the implicit pricing systems of the manager and 

the owner of the firm are likely to differ, resulting in different optimal solutions.  In 

such cases, it is important to know how much variation there will be in the optimal 

solutions.  If these optimal solutions are more a less alike, the owner of the firm will 

not be harmed too much by the decisions made by the manager, which are suboptimal 

from the owner’s point of view.  The third goal, finally, relates to the second one.  If 

incentive compatibility does occur (or, alternatively, if the optimal decisions do not 

differ substantially), it is important that changes in the exogenous model parameters 

do not lead to extreme changes in optimal decision making.  If optimal decision 

making is highly sensitive to changes in important model parameters, little value can 

be placed on the numerical results as well as the theoretical model derived.  In other 

words, the robustness of the numerical solutions must be checked by changing the 
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model input.  If the numerical results appear to be robust, this will extend our previous 

theoretical results. 

It is, however, important to realize that we do not intend to derive “real-life” 

predictions for optimal decision making since the model presented is far too simple to 

predict the real world.  What is important is to check whether or not the theorems and 

lemmas derived are confirmed and how sensitive these results are for changes in the 

parameter values.  As mentioned before, in this section we concentrate on put 

hedging.  Given the simple model from which the normative rules are derived, we 

analyze the sensitivity of optimal decision making by changing some major input 

variables.  In practice, this implies changing the level of equity-linked compensation 

as well as the risk-aversion coefficient of the utility function.  It is reasonable to argue 

that these are the most important inputs in the decision model.  In addition, we also 

consider the impact of changes in production and state prices.  Finally, we provide 

two extreme scenarios in order to investigate the joint impact of changes. 

 The remainder of this section is organized as follows:  Subsection 4.5.2 

presents the results from the benchmark case, in which we derive the optimal 

numerical hedge ratio for the primary owner as well as for the manager given 

different levels of equity-linked compensation.  In the subsequent Subsections 4.5.3 to 

4.5.5, we analyze the numerical sensitivity of the results in the benchmark case to 

changes in some additional model inputs.  Subsection 4.5.6, finally, concludes. 

 

4.5.2 Optimal put hedging in the benchmark case 

The numerics in this section are based on a simple model with 4 possible states of the 

world for which the commodity price { }1 2 3 4, , ,S S S S S=  with 1 2 3S S S S4< < < .  The 
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state probabilities are given by { }1 2 3 4, , ,π π π π π= .  Since  managerial  utility is 

assumed to be strictly concave it can be stated that that for time-additive utility the 

managerial stochastic discount factors are characterized by 31 2

1 2 3 4

qq q q4

π π π π
> > > .98 

 In the benchmark case, we assume that the manager maximizes a power utility 

function, characterized by ( )
1

1
j

j

c
U c

γ

γ

−

=
−

.  This utility function is chosen for its 

attractive features of decreasing absolute risk aversion (ARA) and constant (i.c., zero) 

relative risk aversion (RRA).  Decreasing ARA implies that absolute changes in 

wealth or consumption have less impact on wealthier managers which empirically 

may be expected.  A constant RRA implies that the manager will have a constant risk 

aversion to a proportional loss of wealth, even though the absolute loss increases as 

total wealth does.  This means that, for instance, a 10% loss in wealth is equally 

harmful for different levels of wealth.  Friend and Blume (1975) have estimated 

changes in ARA and RRA as a function of the wealth of investors.  Using 

sophisticated econometric techniques they find that a power utility function with the 

parameter for the level of risk aversion equaling 2γ =  is consistent with the empirical 

results.  We will therefore use these specific model specifications in our benchmark 

case. 

 The state-dependent commodity prices are given by 

, with equal probabilities.  Furthermore, in the benchmark 

case, the state prices range from 0.3 for the worst state of the world to 0.2 for the best 

state of nature.  Given equal state probabilities, the managerial stochastic discount 

factor is by definition strictly decreasing.  The pure rate of time preference, 

1 2 2 41; 2; 3; 4S S S S= = = =

δ , is 

                                                           
98  See Chapter 3 of this dissertation. 
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assumed to equal 1, the risk-free rate of interest is set at 0fr = , and the put price is, of 

course, assumed to be unbiased.  Managerial cash-based salary 1=W , whereas the 

strictly convex cost function is given by ( ) 21.0 yyC ⋅= .99 

 

Given these initial assumptions, the benchmark case is the optimal put hedge for the 

producer (i.e., the primary owner of the firm).  Theorem 4.2 argues that hedging with 

unbiased put contracts results in overhedging the firm’s commodity price risk, which 

is confirmed by the numerical results.  If the producer can hedge commodity price risk 

with unbiased put options, he will hedge 172% of total production.  Now suppose the 

producer hires a manager to make the hedging decisions.  The manager is 

compensated with shares of stock or, alternatively, call options on the terminal stock 

price.100  The calls are issued at the money, such that the exercise price equals the 

current stock price.  Figure 4.1 presents the optimal put hedge as a function of equity-

linked compensation. 

 

                                                           
99  In Mathematica it is impossible to jointly solve for optimal production and risk management 

decisions.  Production is therefore assumed to be fixed.  In Subsection 4.5.4, we analyze the 
sensitivity of optimal put hedging, for alternative levels of production. 

100  We solely concentrate on equity-linked compensation and, therefore, abstract from the managerial 
non-firm-value related wage.  As argued in Lemma 4.1, we only need to analyze compensation 
which is linked to firm value, since for the manager’s fixed wage the covariance term 

( )( ), P jCov U W X S
+

′ ⎡ ⎤ 0− =⎣ ⎦ .  A zero covariance does not influence the optimal decisions. 
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Figure 4.1:  The optimal put position as a function of equity-linked compensation 
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In Figure 4.1, the fraction of compensation represents the value of equity-linked 

compensation divided by total firm value.  For stock compensation, this is the 

resulting fraction of managerial stock ownership; for call compensation this is the 

fraction of (potential) future stock ownership.  As can be seen from Figure 4.1, the 

overhedge decreases the more equity-linked compensation the manager receives, 

which holds for both stock as well as call compensation. 

 Given managerial compensation with shares of stock, the overhedge ranges 

from 182% if the manager possesses a very little fraction of the stocks to 172% if he 

becomes the full owner of the firm.101  From the numerics we can conclude that 

incentive compatibility rarely ever occurs.  Incentive compatibility occurs if the 

                                                           
101  If the manager owns no stocks, the optimal hedge ratio is indeterminate.  In this specific case, 

managerial compensation does not depend on firm value which implies that changing the number 
of put options has no impact on his expected utility. 
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producer and the manager both own 50% of the stocks, and have the same utility 

function with the same parameter values.102  Given this specific case, the optimal put 

position for both the primary owner as well as the manager is to overhedge 174% of 

production.  For alternative levels of stock compensation, the optimal put positions do 

not differ very much, which implies that the disoptimal put position, from the 

producer’s point of view, is not great.  These numerical results confirm Theorem 4.2, 

which states that if a manager can hedge commodity price risk using unbiased put 

options, the optimal risk management decision is to overhedge total production.  

Furthermore, as stated in Lemma 4.1, the overhedge decreases the more the manager 

becomes financially dependent on the value of the firm (i.e., his fraction of stock 

ownership increases).  However, as mentioned before, the overhedge does not differ 

greatly from the optimal decision to the producer himself.  It can be concluded that, 

by increasing the manager’s salary in stocks, incentive compatibility is increased.  

Furthermore, the disoptimal overhedge, from the owner’s point of view, is not too 

great for the whole range of managerial stock compensation. 

 Also for compensation by call options on the terminal stock price, the optimal 

hedging strategy for the manager is to overhedge total production (see the thin line in 

Figure 4.1).  As is the case with stock compensation, the overhedge decreases as the 

fraction of call options in his salary increases.  However, contrary to stock-linked 

compensation, when call compensation grows to a larger fraction (and, therefore, 

potential future managerial ownership gets relatively large), the overhedge becomes 

less than that optimal to the producer.  In the numerics above, for an option value that 

                                                           
102  Of course, for different combinations of parameter values of the utility function and compensation, 

incentive compatibility may accidentally occur. 
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relates to approximately 9% of potential managerial ownership, the overhedge is less 

than optimal to the producer (i.e., the overhedge is less than 172%).  In this specific 

case of 9%, there is incentive compatibility between the manager and the owner of the 

firm, since for both it is optimal to have an overhedge of 172%.  From the initial 

owner’s point of view, for higher levels of call compensation, the manager 

overhedges too little, for lower levels too much. 

 

4.5.3 Sensitivity for changes in risk aversion 

To check the robustness of the numerics as presented in Subsection 4.5.2, the 

sensitivity of the results for changes in levels of risk aversion is very important.  

Lemma 4.2 states that the overhedge decreases as risk aversion increases.  Since the 

amount of overhedge depends on the covariance between marginal managerial utility 

and the put payoff, differences in levels of risk aversion have an impact on the 

optimal put position.  As argued in Subsection 4.5.1, if alternative levels of risk 

aversion do not change this optimal put position substantially, the strength of our 

theoretical analysis is extended by the numerical analysis.  Figure 4.2 presents the 

results of the numerical analysis for changes in the level of risk aversion. 
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Figure 4.2:  The optimal put position for different levels of risk aversion 
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In the benchmark case, in which we analyze optimal put positions given a power 

utility function with a parameter for risk aversion 2γ = , the optimal put hedge for 

stock-based compensation is, of course, identical to Figure 4.1 ranging from an 

overhedge of 182% to 172% of total production.  As can be concluded from Figure 

4.2 above, the results do not change very much for different parameters of risk 

aversion.  If the manager is far more risk averse (i.e., his parameter for relative risk 

aversion increases to 5γ = ), the put overhedge ranges from 182% for the case of very 

little stock ownership to 164% in case of full ownership.  The maximum decrease in 

overhedge is therefore approximately 5%, which is the case for full ownership.  A 

lower level of risk aversion (i.e., 1γ = ) shows similar results. 

 With respect to compensation with call options, similar results apply.  

However, the divergence in the optimal put positions, for different levels of risk 
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aversion, sometimes differs more than for the case of stock compensation.  This 

occurs for low and intermediate fractions of compensation.  The largest difference 

with respect to the benchmark case is, in this specific example, for a value of call 

compensation which corresponds to approximately 8.1% of firm value.  In this case, 

the optimal overhedge for the manager, given a high level of risk aversion, in which 

5γ = , is 161%.  In the benchmark case the optimal hedge for the manager, given 

8.1% of call compensation, is to overhedge 174% of production; a difference of 7%.  

Again, similar results apply for the optimal put positions given a lower level of risk 

aversion.  The differences, however, do not seem to be very large, which implies that 

the optimal overhedge is quite robust to changes in the level of risk aversion. 

 Concluding, as stated in Lemma 4.3, the optimal overhedge decreases as risk 

aversion increases.  However, the results are quite robust given the small differences 

between the optimal hedges for different levels of risk aversion.  Therefore, despite 

the case that incentive compatibility rarely occurs, the initial owner of the firm does 

not seem to be harmed too much by the, from his point of view, suboptimal put 

positions. 

 

4.5.4 Sensitivity for changes in production 

Subsections 4.5.2 and 4.5.3 analyze the sensitivity of optimal put hedging for different 

levels of compensation and risk aversion.  Another parameter that needs to be 

investigated is the effect of total production on the optimal hedge ratios.  As shown in 

Theorem 4.4, hedging with puts leads to a decrease in production.  Within 

Mathematica, it is impossible to jointly solve optimal production and put positions.  

In order to investigate the joint effect, this subsection analyzes the optimal put 
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positions for different given levels of production.  Figure 4.3 below, graphically 

shows the optimal put positions for changes in the level of production. 

 
Figure 4.3: The optimal put position for different levels of production 
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In Figure 4.3, the thick lines represent the optimal hedge ratios for the benchmark 

case ( , with 100%y = 2γ =  again).  As can be seen from this figure, different levels 

of production do not change the optimal put positions very much.  The overhedge 

increases minorly for lower values of production.  In practice, however, it may not be 

expected that total production will decrease to, for instance, a level of 50%.  Even 

given such a large reduction in production, the optimal put positions are quite similar.  

As can be seen from the graph, the optimal overhedge for production levels between 

75% and 100% is almost identical, which is the case for both kinds of compensation.  
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This shows that optimal hedge ratios are also quite robust to changes in the optimal 

level of production. 

 

4.5.5 Sensitivity for changes in the state prices 

In Theorem 4.4 it is shown that hedging with unbiased put contracts will make the 

implicit state prices go down minorly, for every state of the world.  If the state prices 

decrease for every state of nature the implied risk-free rate of interest, which is 

defined as 

1

1 1f N

j
j

r
q

=

=

∑
− , weakly increases.  As shown in Theorem 4.4, since the 

optimal put position is long, future consumption increases for the bad states of the 

world since the put ends in the money for these states of nature.  This causes  

to decrease for these states of the world.  Furthermore, by paying for the put options 

today,  increases.  The combined effect is that the state prices decrease for 

every state of nature (remember that the state prices are defined as 

( )jU c′
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( )0
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′
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′
).  

Since increasing future consumption only occurs in the bad states of the world, the 

decrease in state prices is bigger for these states of nature (only for these states of the 

world the marginal utility of consumption, ( )jU c′ , goes down).  To analyze the effect 

of decreasing state prices for every state of the world, we manipulate these state prices 

such that the implied risk-free rate of interest goes up from a zero level to 2.5% and 

5%.  Since, for the bad states of the world the decreasing effect for the state prices is 

stronger, the proportional decrease in these state prices is larger than the proportional 

decrease for the state prices in the good states of nature.  For instance, given an 

increase in the implied risk-free rate of interest from 0% to 2.5%,  decreases with 1q
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3.3% whereas the decrease in  is only 0.9%.  The average decrease, by definition, 

causes the implied risk-free rate of interest to go up to 2.5%.  The effect of changing 

state prices is presented in Figure 4.4. 

4q

 
Figure 4.4:  The optimal put positions for changes in the state prices 

Optimal put position

140%

150%

160%

170%

180%

190%

200%

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

Fraction of compensation-induced
managerial ownership

Fraction of overhedge

Stock compensation

Call compensation

0%
2.5%
5%

f

f

f

r
r
r

=
=
=

 

 

As can be seen from Figure 4.4, decreases in the private state prices and, 

consequently, increases in the implied risk-free rate of interest, will make the optimal 

hedge ratios go up. The fact that the overhedge increases makes sense.  Since the state 

prices decrease, the perceived put price decreases, which gives the manager an 

incentive to increase the put position. 

 The numerical effect, however, is again rather limited.  For instance, for the 

case of stock compensation and an increase of the implied risk-free rate of interest to 

2,5%, the optimal overhedge ranges from 186% to 175%, as compared to 182% to 
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172% in the benchmark case.  Approximately similar changes apply for the case of 

call compensation as well as a further implied increase of the risk-free rate of interest 

to 5%.  Again, the robustness of the optimal ratios in the benchmark case, by 

changing the state prices, is quite strong. 

 

4.5.6 A joint effect of the parameters 

Of course, we also need to check extreme scenarios in which the joint effect of the 

parameters is analyzed.  Since the optimal overhedge increases as 1) the level of risk 

aversion decreases, 2) production decreases, and 3) the implied risk-free rate of 

interest goes up, we analyze the situation in which the parameter for risk aversion 

1γ = , production decreases to 50%, and the implied risk-free rate of interest  goes 

up from 0% to 5%.  We will call this scenario the upside case.  The second extreme 

scenario, in which the overhedge decreases by a maximum amount, is given for a high 

level of risk aversion, a high level of production, and a low implied risk-free rate of 

interest (i.e., for parameter values 

fr

5γ = , 100%y = , and 0%fr = ).103  We will call 

this scenario the downside case.  Figure 4.5 plots the optimal put positions for the 

extreme cases as well as the benchmark case. 

 

                                                           
103  Note that this case has already been analyzed in Subsection 4.5.3. 
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Figure 4.5:  The joint effect of the parameters on the optimal put position 

Optimal put position

140%

150%

160%

170%

180%

190%

200%

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

Fraction of compensation-induced
managerial ownership

Fraction of overhedge

Stock upside

Call downside
Call benchmark
Call upside
Stock downside
Stock benchmark

 

 

Figure 4.5 shows that, given stock compensation, a joint effect of the different factors 

affects the overhedge in a minor fashion.  In the upside case, in which risk aversion is 

low, production is low, and the implied increase in the risk-free rate of interest is high, 

the overhedge ranges from 189% to 183%.  Compared to the range in the benchmark 

case, in which the overhedge ranges from 182% to 172%, the average increase equals 

5.6%.  In the downside case, the overhedge decreases on average by 3.6%.  Given 

stock compensation, therefore, the conclusion is that the numerical results in the 

benchmark case are quite robust to “extreme” changes in the most important model 

parameter values. 

 For the case of call compensation, in the upside scenario the optimal 

overhedge is affected moderately.  Given parameter values of 5γ = , , and 

, the overhedge ranges from 196% to 171%, whereas the benchmark case 

100%y =

0%fr =
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presents a range of 189% to 153%, which results in an average increase of 12.8%.  

However, it should be noted that this moderate average increase is largely driven by 

intermediate and high values of call compensation.  In practice, it cannot be expected 

that a manager will receive a number of calls that will give him the right to attain, for 

instance, more than 10% of the shares.  For a potential future stock ownership lower 

than 10%, the average increase in the overhedge is approximately 7%.  Furthermore, 

as can be seen from the graph, in the downside scenario the optimal overhedge 

changes minorly, with an average decrease of 3%. 

 Summarizing, the results from a joint effect of less realistic model parameter 

values leads to the conclusion that the results are quite robust to these extreme 

scenarios. 

 

4.5.7 Conclusions 

The numerical exercises in this section confirm the theorems and lemmas presented in 

this chapter.  First of all, for both kinds of compensation the optimal put position is to 

overhedge total production, which confirms Theorems 4.2 and 4.3.  This overhedge 

decreases as the proportion of equity-linked compensation increases (Lemma 4.1), 

however, this effect is not dramatic.  Secondly, changes in risk aversion and the 

implied risk-free rate of interest (i.e., changing the state prices) lead to different levels 

of optimal hedging, confirming Lemma 4.2.  However, again, the optimal overhedge 

is quite robust given the little variance as compared to the benchmark case.  Third of 

all, as total production goes down, the overhedge increases with a very limited 

fraction, which has been theoretically derived in Theorem 4.4.  All these results 

together show that the optimal hedge ratio is quite robust to changes in the most 
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important parameters of the model.  Also in extreme scenarios, in which the factors 

co-act together, changes in the optimal put positions do not change dramatically.  A 

final conclusion to be drawn is that, as has been expected, incentive compatibility 

occurs in very little accidental situations.  However, given the fact that the optimal 

overhedge is quite robust to – even unrealistic – changes in the parameters, the owner 

of the firm will, probably, not be harmed too much.  Even thought the manager will 

not hedge commodity price exposure by the same amount as the owner of the firm 

would want him to, this suboptimality is quite small from which we conclude that the 

incentives are reasonably compatible.  We conclude by noting that future research 

should extend the simple model presented, by capturing more realistic assumptions in 

order to predict optimal decisions for more realistic real-world scenarios. 

 

 

4.6 CONCLUSIONS 

This chapter examines the effect of managerial compensation on the optimal hedging 

strategies with forward contracts and put options.  The manager is rewarded a 

combination of cash with either shares of stock or at-the-money call options and uses 

the put and forward market to maximize his expected utility of consumption.  The 

underlying rationale for differences in optimal decision making is that we extend 

existing literature by assuming market incompleteness in the sense that individual 

agents may disagree the market pricing of financial assets.  This is driven by the fact 

that the implicit (private) state prices are derived from individual utility functions 

which, by definition, differ among individual agents.  We present a number of new 

results.  First of all, we show that, if the manager of a firm can hedge commodity 
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price risk using unbiased forward contracts, this leads to the well-known full hedging 

and separation principle.  For both stock as well as at-the-money call compensation, 

the optimal hedge is to fully hedge total production and the optimal production and 

hedging decision can be separated.  Given stock compensation, this result has been 

widely described in the optimal hedging literature.  The result for call compensation, 

however, is new.  This result even holds, given the assumption of market 

incompleteness, which is also the case in Chapter 3.  A second result is that, using 

unbiased put contracts for hedging purposes, the optimal position is to overhedge total 

production.  For stock compensation, this result has recently been described by 

Battermann, Braulke, Broll, and Schimmelpfennig (2000) as well as Benninga and 

Oosterhof (2004).  We extend the existing literature by showing that the optimal put 

position in case of call compensation also leads to overhedging total production.  A 

final extension of the existing literature is that we show that the overhedge decreases 

as the fraction of stock or call compensation increases and when the manager’s degree 

of risk aversion increases.  Numerical exercises confirm the generality of the theorems 

and lemmas derived in this chapter.  These numerics further show that changes in the 

most important model parameters do not change the optimal decisions very much, 

implying that the results are quite robust.  Incentive compatibility, in which the 

optimal decisions for the manager and the owner coincide, occurs in accidental 

situations. However, given the small changes in optimal hedge ratios, the primary 

owner of the firm is not harmed too much by the decisions made by the manager, 

which are suboptimal from his point of view. 
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CChhaapptteerr  55    
 

SSUUMMMMAARRYY  AANNDD  CCOONNCCLLUUDDIINNGG  RREEMMAARRKKSS  
 

 

5.1 INTRODUCTION AND DEFINITIONS 

This dissertation studies the use of financial derivatives within corporate risk 

management programs.  Risk management undertaken at the firm level has attained 

great attention in recent decades by both non-financial as well as financial 

corporations.  This growing attention has been mainly stimulated by increased 

fluctuations in interest rates, exchange rates, and commodity prices, causing risk 

exposures to increase.  Another important reason for the focus on risk management is 

the growing number of opportunities to manage different risk exposures (i.c., the 

evolution of financial markets on which risk exposures can be transferred quite easily 

among different market participants).  A company can employ two approaches to 

manage risk exposures.  First, firms can use financial derivatives to hedge risks and 

thereby stabilize the firm’s cash flows, which is defined as financial hedging.  

Secondly, firms can change their operational policies in response to fluctuating risk 

factors, so-called operational hedging. 

To give an example, an exporting manufacturer can reduce its currency risk 

exposure by buying or selling currency futures.  As an alternative, it can also build 

plants overseas to hedge or offset receivables in a foreign currency with costs in the 

same currency.  In this thesis, we focus on the first alternative of hedging, that is, risk 
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management through the use of financial derivatives.  In this context, we define 

corporate risk management as the process of trying to control the effect of different 

risk exposures on firm value, using financial derivatives.  In our analysis – especially 

in the main Chapters 3 and 4 – a key issue to explain a rational motive for risk 

management is the possible existence of market incompleteness.  In this context, 

capital markets are said to be incomplete if the implicit private pricing systems, which 

are used by the manager and/or owner of the firm to value financial assets, differ from 

market’s equilibrium pricing system.  In this case, individual economic agents, such 

as the managers and owners of a firm, disagree with the market about the pricing of 

financial instruments. 

 

In Chapter 1, we formulate the main goal of this thesis as: 

 

The main goal of this thesis is to extend the existing literature of 

corporate risk management to provide a better understanding of the 

interaction between optimal production and risk management decisions, 

through the use of financial derivatives. 

 

Based on this main goal, four research questions are formulated, which are answered 

in the Chapters 2, 3, and 4: 

1. Are optimal production and risk management decisions dependent on the type 

of derivative contract that can be used for risk management purposes? 

2. Is it rational for firms to engage in full hedging, or should they over- or 

underhedge total price risk of production? 
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3. Given the specific type of derivative contract and the optimal amount of 

production and risk management, is there separation between the optimal 

production and risk management decision? 

4. Do optimal production and risk management decisions change for different 

kinds of managerial compensation? 

 

In the remainder of this chapter, we summarize the preceding chapters, mention our 

main contributions to the existing literature and, finally, suggest some possible 

extensions to our analysis in future research. 

 

 

5.2 SUMMARY OF THE MAIN RESULTS 

In the first part of Chapter 2, we provide the theoretical foundation for this study.  In 

line with Modigliani and Miller (1958), who show the conditions for the irrelevance 

of a firm’s capital structure, we start by analyzing the conditions under which 

corporate risk management is irrelevant.  If capital markets are perfect this implies 

that – among other conditions – 1) there are no transactions costs, 2) firms and 

individuals have equal access to financial opportunities, and 3) individuals perceive 

that there are always perfect substitutes for any securities of a firm (see e.g., Fama and 

Miller, 1972).  Given these assumptions, individual investors can always replicate or 

undo the firm’s financial decisions (i.e., any financial decision can be replicated or 

undone through the use of perfect substitutes which are available in the capital 

market).  If the “equal access assumption” does not hold, risk management at the firm 

level may be preferred to risk management at the level of the individual investor.  
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Smith and Stulz (1985) show that this situation occurs if capital markets are imperfect 

in the sense that certain costs are imposed on firms.  It is shown that, from a 

theoretical point of view, a convex corporate tax schedule, costs of financial distress, 

and agency costs of debt provide motives for hedging to be undertaken at the firm 

level.  These market imperfections impose discriminatory costs for certain states of 

the world, which can be reduced – or even eliminated completely – by hedging.  The 

present value of the reduction in the expected costs increases firm value, assuming 

that the costs of hedging do not exceed the reduced “imperfections costs”.  Since the 

discriminatory costs are borne by the firm solely, these risk management actions 

cannot be replicated by individual investors, providing a rationale for risk 

management to be undertaken at the firm level instead of by investors themselves.  By 

reducing or eliminating these costs, firm value for the investor is increased. 

A second explanation for corporate risk management is based on managerial 

utility maximization.  It is shown that the manager who is responsible for the 

corporate risk management decisions will have an incentive to apply derivatives to 

maximize his own expected utility, if his personal wealth depends on firm value.  

Assuming risk-averse behavior, a manager who is (partially) compensated with shares 

of stock, will have a direct interest to reduce the firm’s risk exposure by hedging.  If 

the same manager is compensated with call options on the value of the firm, the 

situation is more complicated.  On the one hand, he is willing to reduce risk by 

hedging since the manager is assumed to be risk averse.  On the other hand, however, 

since call options become more valuable if uncertainty is increased, the manager has 

an incentive to increase firm risk.  He therefore faces a trade off between decreasing 

and increasing risk.  As a consequence, the manager is assumed to hedge less than in 
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the case of compensation with shares of stock and – as an extreme – may be even 

inclined to speculate.104 

 In the second part of Chapter 2, we present an overview of some important 

empirical studies regarding corporate risk management.  These include regression 

studies, survey analyses, as well as simulation studies.  Empirical evidence provides 

rather mixed support for the theoretical motives for firms to engage in risk 

management activities.  Overall, individual firms do not seem to hedge in order to 

reduce expected tax payments or the costs of financial distress.  The empirical studies, 

however, do seem to support the hypothesis that firms hedge more if they face agency 

costs of debt.  There is also some empirical evidence that managers may use 

derivative instruments to maximize their personal utility of wealth.  A very 

convincing result – presented by all studies – is that large firms engage in risk 

management activities far more often than smaller companies do.  It seems to be the 

case that transaction costs of hedging play an important role in explaining the 

corporate use of derivatives.  Larger firms are in a better position of bearing the fixed 

costs to set up risk management programs, and can more easily contract specialized 

employees for executing these programs. 

 

In Chapter 3, we extend the existing literature on optimal risk management and 

production decisions by applying the theory of optimal choice under uncertainty.  In 

fact, we choose to analyze the second motive for risk management (i.e., managerial 

                                                           
104 Speculative motives may occur if the manager’s future wealth is – as a consequence of the 

rewardance of call options –  a convex function of firm value.  Speculation increases the volatility 
of the firm, making the call options more valuable. This increases managerial wealth.  The lower 
the level of managerial risk aversion, the higher the incentives to increase risk. 
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utility maximization).105  A central element in this chapter is a risk-averse producer 

who maximizes a strictly convex Von Neumann-Morgenstern utility function (this 

producer is the single owner of the firm).  We apply a state-of-the-world approach, as 

essentially introduced by Arrow (1964) and Debreu (1959).  In our model, we 

examine a two-date framework in which in the future, N possible states of the world 

can occur.  All states of the world have associated probabilities and prices, in which 

the assets are priced by the state price system.  We examine a firm, which sells a 

single good to the market, of which the future price is assumed to be uncertain.  The 

producer can choose total production to maximize his personal utility of wealth 

(output is assumed to be non-random).  In order to manage commodity price risk of 

production, this producer can rely on the forward and/or the put market.  The producer 

faces three choices:  1) the optimal amount of production, 2) the optimal number of 

forward contracts, and 3) the optimal number of put options.  We analyze these choice 

alternatives individually, as well as simultaneously.  The prices of the forward 

contracts and the put options are – in line with the standard literature on optimal risk 

management – assumed to be unbiased.  In this context, unbiasedness of forward and 

put prices implies that the current price of the derivative contract equals its expected 

payoff. 

 Before we derive the optimal production and risk management decisions, we 

first analyze general conditions under which forward and put prices are unbiased 

predictors of their future payoff.  In line with the standard line of literature, we 

                                                           
105 As argued in Chapter 1, applying both the framework provided by Modigliani and Miller (1958) 

and applying the theory of optimal choice under uncertainty results in a non-linear optimization 
problem.  As a consequence, both frameworks lead to a rational incentive to decrease cash flow 
volatility (see Chapter 1, p. 7). 
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formally show that this can occur under the assumption of risk neutrality.  We extend 

the existing literature by showing that – contrary to the traditional belief that 

unbiasedness occurs under risk neutrality only – restrictions on the probability 

distribution suffice for unbiasedness, even for the case of consumers being strictly risk 

averse. Unbiasedness of either forwards or puts only, implies restricting one 

probability of the probability distribution.  This rather technical restriction depends on 

all the other probabilities and on the state prices, meaning that both the probability 

distribution and the state prices can have any form.  Unbiasedness of both forward and 

put prices occurs if two restrictions are put on the probability distribution. 

 The remainder of Chapter 3 studies optimal production and risk management 

decisions by a strictly risk-averse, utility-maximizing producer.  In our analysis, we 

define market completeness as the situation in which the producer’s private implicit 

state pricing system equals the market-given state pricing system.  We prove that in 

complete markets – as can be expected – there is no advantage for the producer in 

hedging, either by using forward or by using put contracts.  This implies that risk 

management is not utility enhancing.  However, if markets are incomplete, the 

producer does not agree with the market about the pricing of put options and forward 

contracts, implying that his private valuation of these contracts (derived from his 

private state prices, which are not equal to that of the market) differs from the market 

valuation.  In this case, risk management by the use of forwards and put options can 

lead to welfare improvements.  We show that, if the market prices are unbiased, the 

producer feels that the market forward price is too high, and the market put price is 

too low.  As a consequence, the optimal derivatives’ position for the producer is to 

sell forward contracts and to buy put options. 
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With respect to hedging with forward contracts –  given incomplete markets – 

the producer will fully hedge commodity price risk.  Furthermore, in this specific 

case, the optimal production and risk management decision can be separated, even 

though the producer perceives the forward contracts to be overpriced.  With this 

result, we extend the existing line of literature, in which the producer agrees with the 

market valuation of the forward contract.  The full hedging and separation theorems 

are therefore independent of the assumption of market (in)completeness.   

For the case of hedging with put options, we show that the optimal put 

position depends on the producer’s access to the bond market, resulting in the 

possibility of overhedging, full hedging, as well as underhedging commodity price 

risk.  Furthermore, depending on his level of risk aversion, the producer will decrease 

total production (as compared to the case of hedging with forward contracts).  As a 

result, the separation theorem does not apply. 

Our final contribution to the existing literature on optimal production and risk 

management decisions is that we show that when both forward and put contracts are 

available for hedging purposes, there is a hedging role for puts.  We show that the 

optimal decisions are to decrease production, buy put options, and completely 

eliminate commodity price risk with forward contracts. 

 

In Chapter 4, we extend our model from Chapter 3 by examining the effect of 

different managerial compensation structures on the optimal production and risk 

management decisions.  In addition to the producer (alternatively:  the initial owner(s) 

of the firm), we introduce a manager who is responsible for the choice of production 

and hedging volume.  In combining the literature of managerial compensation, with 
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the literature on optimal hedging and production, we are able to evaluate the 

relationship between managerial compensation and optimal choice under uncertainty.  

In this chapter, we analyze whether managers are given the right incentives by 

rewarding them with the most common compensation structures:  cash in combination 

with shares of stock, and cash in combination with at-the-money call options.  The 

incentive structure is optimal if the managerial production and risk management 

decisions are exactly the way the owners of the firm would want him to choose, which 

we define as “incentive compatibility”. 

 If the manager can manage price risk exposure with unbiased forward 

contracts, then, either in the case of compensation with shares of stocks or in the case 

of compensation with at-the-money call options, the full hedging and separation 

theorems apply.  The result for compensation with call options is new in the literature 

on optimal hedging.  Furthermore, since these decisions are also optimal for the 

owners of the firm, the manager exactly chooses production and hedging in the way 

the other owners of the firm should want him to.  This implies there is incentive 

compatibility between the manager and the owners of the firm. 

Incentive compatibility, however, does not occur if the manager can choose 

unbiased put options to hedge commodity price risk.  We show that, both for the case 

of compensation with shares of stock as well as for the case of at-the-money calls, the 

optimal hedge is an overhedge using at-the-money put options.  However, the optimal 

production decision is to decrease production (as compared to hedging with forward 

contracts) and this decision cannot be separated from the optimal hedging decision.  

We show that the overhedge decreases as the fraction of stock or call compensation 

increases, and if the manager is more risk averse. 

 137



CHAPTER 5:  SUMMARY AND CONCLUDING REMARKS 
 

Since the analytical model does not provide closed-form solutions on 

differences in optimal decision making when using put options as a hedging device, 

the second part of Chapter 4 provides numerical simulation results to analyze the 

conditions influencing optimal decision making.  We analyze a simple model, in 

which four future states of the world can occur.  The manager is assumed to maximize 

a power utility function, in which his private pricing system, like in Chapter 3, may 

differ from that of the market (i.e., we assume market incompleteness).  We first 

analyze a benchmark case, which gives the optimal put position for the producer, after 

which we analyze the alternative choices undertaken by the manager.  The benchmark 

case results – as can be expected – in an overhedge of total production.  We show that 

this overhedge does not change drastically for alternative fractions of managerial 

compensation (i.e., more or less stocks and calls relative to firm value), for different 

levels of managerial risk aversion, for lower levels of production, as well as for 

changes in the implicit private pricing system.  This implies that the robustness of the 

optimal ratios in the benchmark case is quite strong for changes in the most important 

input variables.  This result also holds in extreme (worst-case) scenarios, in which the 

factors co-act together.  Incentive compatibility occurs in very few accidental cases 

only.  However, given the fact that the optimal overhedge is quite robust to – even 

unrealistic – changes in the parameter values, the shareholders of the firm will 

probably not be harmed too much.  As a result, even though the manager will not 

hedge commodity price risk by the same amount the owner would want him to, this 

suboptimality (from the owner’s point of view) is quite small.  From this we conclude 

that the incentives of the owner and the manager are reasonably compatible. 
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5.3 REFLECTION AND SUGGESTIONS FOR FUTURE RESEARCH 

Doing Ph.D. research is like the main focus of this study:  making choices.  In this 

thesis, we mainly apply the normative theory of choice under uncertainty, given a 

specific consumption-investment problem in an expected utility setting.  Specifically, 

the decision maker – being either the manager or the producer – is faced with a set 

choices (i.e., total production and total hedging volume) that each involve possible 

outcomes, with payoffs, prices, and probabilities associated to these possible 

outcomes.  From each possible outcome a subjective utility is derived and, by 

optimizing the choice variables, the decision maker maximizes his personal expected 

utility of wealth.  Since his expected utility of wealth, by the combined choice of 

variables, is maximized, this results in an optimal solution for the decision maker.   

In general, normative theories are primarily concerned with describing how 

economic agents should act when they are faced with possible choice alternatives.  

This rather deductive analysis is mainly based on a number of assumptions regarding 

rational choice (see e.g., Von Neumann and Morgenstern, 1947).  The most attractive 

feature of normative modeling in our setting is that – give rational agents – optimal 

choice behavior can be derived.  The ability to derive optimal choices, is the main 

motivation to choose for a normative approach in this thesis.  Given the normative 

approach, we intend to present a fundamental framework, which shows how 

production and risk management decisions interact, from a rational and optimal point 

of view. 

The rather deductive and mathematical approach to modeling economic choice 

behavior has – besides its main advantage to build a fundamental framework – also 

some drawbacks.  A usual reaction of an opponent may be that this kind of modeling 
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is oversimplified since it does not capture all the complexities that exist in the “real 

world”.  Although this is definitely true, it must be countered that the advantages are 

also apparent and may be worth a certain loss of realism, as long as the simplified 

normative model is as similar as possible to the desired model.  This means that the 

model must capture the most important aspects of decision making and present logical 

results.  If the range of possible choices and exogenous factors in the “real world” is 

rather complicated, the optimization problems may become too complex and it may 

be hard to derive results which have a simple meaning.  The challenge is, therefore, to 

incorporate the most important variables into the model and derive tractable 

conclusions from these variables (i.e., it is important to exclude variables that may be 

(partially) relevant, but relatively unimportant to the conclusions of the analysis).  A 

certain amount of simplification is necessary – or at least tolerable – to gain the 

advantages of formalization in order to derive optimal individual behavior. 

A second drawback of normative models is that there is no real reason to 

suppose that actual individual behavior does conform to the principle of rationality.106  

As a consequence, normative theories may turn out to be descriptively false when the 

results are presented to describe actual instead of optimal behavior.  Over the last 

decades, numerous research has indicated that individual behavior may structurally 

deviate from rational behavior, leading to experimental anomalies.  This has resulted 

in a relatively new area of research within the field of financial economics, generally 

referred to as “Behavioral Finance”.  Behavioral Finance focuses on describing and 

explaining actual behavior as well as experimental anomalies within the field of 

                                                           
106  Whether this is a real drawback may be questioned and depends on the goal of the model:  is the 

model intended to describe optimal or actually-observed behavior? 
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financial economics. 107  A major contribution to this line of research is the so-called 

prospect theory, developed by Kahneman and Tversky (1979), which is the most 

important behavioral alternative to the expected utility theory.  Whereas the expected 

utility model is a normative decision model intended to derive optimal choice 

behavior by individuals, prospect theory can be seen as a descriptive decision model 

for individuals, which explicitly incorporates behavioral elements.  The major 

modifications to the expected utility theory are that 1) possible choices (so-called 

prospects) are evaluated according changes in wealth (gains or losses) as opposed to 

total final wealth, 2) the value (utility) of a possible outcome is multiplied by a 

decision-weight instead of a probability, and 3) contrary to overall risk aversion, 

individual agents tend to be loss averse and often show risk-seeking behavior in the 

domain of losses.  In fact, in prospect theory, the process of decision making can be 

separated into two distinct phases:  framing and valuation.  The framing phase 

consists of a qualitative analysis of all available prospects, which are relevant for the 

process of decision making.  The phase of valuation consists of a quantitative 

comparison of the possible alternatives.108 

 

As is apparent from the drawbacks of normative research in general, the framework 

we apply in this thesis is still incomplete.  In order to extend our model to make it 

(more) useful for both normative as well as descriptive purposes, we suggest some 

                                                           
107 For an overview of some important issues in the field of Behavioral Finance, see e.g., Thaler (1993 

and 2005). 
108  Contrary to expected utility, the valuation function is S-shaped.  People tend to be risk-averse in 

the domain of gains, and risk-seeking in the domain of losses.  Furthermore, losses loom larger 
than gains.  Finally, the decision weights measure the impact of events on the desirability of the 
prospects instead of the (perceived) likelihood of these events.  See e.g., Tversky and Kahneman 
(1992). 
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possible improvement and extensions for future research.  First of all, this study 

heavily leans on the assumption of unbiased forward and put prices.  Although we 

show that risk-neutrality is not a necessary condition for unbiased derivatives’ prices, 

in practice, these prices are not expected to be unbiased predictors of their future 

payoff.  Future research could, therefore, focus on the effect of biased pricing on 

optimal production and risk management decisions.  A second extension that can be 

applied is to interact the impact of multiple risk factors on optimal decision making, 

given the assumption of market incompletness.  For instance, in our model we assume 

production to be fixed.  If production is assumed to be stochastic, a natural hedge may 

be expected between production and price risk exposure, implied by an expected 

negative correlation between the two.  As a consequence, this interaction influences 

optimal decision making.  Furthermore, in multi-period models, the effect of changing 

parameters of the probability distribution can be analyzed.  A final suggestion we 

offer for future research is to focus on the effect of bounded rationality on (optimal) 

decision making.  In our model, we assume that the manager of a firm, makes optimal 

decisions given the information set available to him.  We provide rational 

recommendations on the optimal choice of derivative instruments within corporate 

risk management policies at the firm level.  However, as mentioned before, empirical 

evidence shows that actual choice behavior often differs from optimal behavior, 

which has been the main focus in this study.  Incorporating behavioral elements into 

the analysis may contribute to our understanding why actual risk management 

behavior often differs from what is optimal from a theoretical point of view.
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SSAAMMEENNVVAATTTTIINNGG  IINN  HHEETT  NNEEDDEERRLLAANNDDSS  
 

 

In dit proefschrift staat het gebruik van financiële derivaten binnen het 

risicomanagement van individuele ondernemingen centraal (corporate risk 

management).  In de afgelopen jaren is de aandacht voor  risicomanagement door 

zowel financiële als niet-financiële ondernemingen sterk toegenomen.  Dit wordt met 

name veroorzaakt door verhoogde rente-, wisselkoers- en prijsrisico’s, waardoor het 

totale risicoprofiel van ondernemingen is gestegen.  De versterkte aandacht voor 

corporate risk management wordt daarnaast ingegeven door een groeiend aantal 

mogelijkheden om verschillende risico-exposures te beïnvloeden (i.c., de evolutie van 

financiële markten, waarop risico-exposures vrij simpel kunnen worden verhandeld).  

Een onderneming kan op twee manieren haar risicoprofiel beïnvloeden.  Ten eerste 

kunnen kasstromen worden gestabiliseerd door met behulp van, onder meer, 

financiële derivaten bepaalde risico’s af te dekken (financieel risicomanagement), 

terwijl het daarnaast mogelijk is om het operationele beleid aan te passen aan 

veranderende risicofactoren (operationeel risicomanagement). 

Een onderneming die haar producten naar het buitenland exporteert, kan 

bijvoorbeeld het wisselkoersrisico verminderen door termijncontracten op de 

desbetreffende wisselkoers te kopen of te verkopen.  Mogelijke operationele 

alternatieven hiervoor zijn te investeren in het desbetreffende buitenland of het 

matchen van inkomsten en uitgaven in de buitenlandse valuta.  In dit proefschrift 

wordt de nadruk op de eerste mogelijkheid gelegd, te weten corporate risk 

management met behulp van financiële derivaten.  In aansluiting op het voorgaande 
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definiëren wij in dit proefschrift corporate risk management in specifieke zin als het 

proces waarmee, met behulp van financiële derivaten, het effect van verschillende 

risico-exposures op de waarde van een onderneming kan worden beïnvloed.  In de 

analyse – met name in de kernhoofdstukken 3 en 4 – wordt het bestaan van 

marktincompleetheid aangevoerd als een belangrijke verklaring voor 

risicomanagement.  In onze benadering is de vermogensmarkt incompleet indien de 

door individuen gepercipieerde impliciete prijssystemen (met behulp waarvan 

subjectieve waarden aan financiële instrumenten worden toegekend) afwijken van het 

evenwichtsprijssysteem op de vermogensmarkt.  Als gevolg hiervan zullen eigenaren 

dan wel managers van een onderneming financiële instrumenten anders waarderen 

dan “de markt”. 

 

In Hoofdstuk 1 wordt het doel van dit proefschrift als volgt gedefinieerd. 

 

Het doel van dit proefschrift is het uitbouwen van de bestaande 

literatuur op het gebied van corporate risk management, waardoor 

interacties tussen optimale productie- en risicomanagementbeslissingen 

(met behulp van financiële derivaten) kunnen worden afgeleid. 

 

Naar aanleiding van deze doelstelling worden vier onderzoeksvragen geformuleerd: 

1. Zijn optimale productie- en risicomanagementbeslissingen afhankelijk van het 

type derivaat dat voor risicomanagementdoeleinden kan worden gebruikt? 

2. Is het voor ondernemingen steeds rationeel prijsrisico’s volledig af te dekken, 

of kan over- dan wel onderdekking ook rationeel zijn? 
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3. Is er sprake van separatie tussen optimale productie- en 

risicomanagementbeslissingen (gegeven het toe te passen type derivaat en de 

optimale productie- en risicomanagementbeslissingen)? 

4. Wat is de invloed van de beloningsstructuur van het management op de relatie 

tussen optimale productie- en risicomanagementbeslissingen? 

 

In het eerste deel van Hoofdstuk 2 wordt een overzicht gegeven van het theoretische 

raamwerk met betrekking tot de bestaande theorieën over corporate risk management.  

Indien, in navolging van Modigliani en Miller (1958), wordt verondersteld dat de 

vermogensmarkt perfect is, kan worden geconcludeerd dat de 

risicomanagementbeslissing – evenals iedere andere financiële beslissing – irrelevant 

is.  In een perfecte markt zijn derivaten in feite niets anders dan combinaties van 

bestaande financiële instrumenten, en dus voegt het gebruik ervan door 

ondernemingen niets toe.  Individuele beleggers kunnen immers de betrokken 

financiële beslissingen van ondernemingen exact repliceren (d.w.z. iedere financiële 

beslissing kan worden gerepliceerd dan wel ongedaan gemaakt met behulp van 

perfecte substituten die op de vermogensmarkt voorhanden zijn).  Indien markten 

echter niet perfect zijn, leidt dit tot rationele overwegingen om over te gaan tot 

corporate risk management.  Daarbij wordt in de literatuur een onderscheid gemaakt 

tussen risicomanagementbeslissingen in het kader van het creëren van 

aandeelhouderswaarde, en risicomanagementbeslissingen ten behoeve van 

nutsmaximalisatie bij verantwoordelijke managers.  Corporate risk management kan 

de waarde van een onderneming verhogen als er sprake is van progressieve 

winstbelasting, directe en/of indirecte kosten bij een eventueel faillissement, en 
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agencykosten als gevolg van asymmetrische informatie.  Indien deze verwachte 

kosten met behulp van risicomanagement kunnen worden gereduceerd, zal de waarde 

van de onderneming stijgen met de contante waarde van deze kostenreductie.  Het 

tweede motief ter verklaring van het bestaan van corporate risk management – 

nutsmaximalisatie door managers – hangt samen met de beloningsstructuur van de 

desbetreffende managers.  Als het inkomen van een manager afhankelijk is van de 

waarde-ontwikkeling van de onderneming (bijvoorbeeld als gevolg van bonussen in 

de vorm van aandelen of opties), kan hij met behulp van financiële derivaten zijn 

toekomstige inkomen beïnvloeden.  Indien het belang van de manager niet exact 

samenvalt met het belang van de (overige) aandeelhouders, kan dit leiden tot een 

suboptimale risicomanagementbeslissing voor de overige aandeelhouders.  Als een 

risico-averse manager aandelen bezit, zal het voor hem optimaal zijn het risicoprofiel 

van de onderneming te reduceren.  Daarentegen kan het voor een manager, die 

aandelenopties heeft verkregen, van belang zijn het totale risicoprofiel van de 

onderneming te willen vergroten, aangezien een hogere volatiliteit leidt tot een hogere 

optiewaarde.  In het licht van de hiervoor genoemde specifieke kosten, willen 

aandeelhouders daarentegen juist dat bepaalde risico’s worden afgedekt. 

 In het tweede deel van Hoofdstuk 2 wordt een overzicht gegeven van diverse 

empirische studies op het gebied van corporate risk management.  Het betreft hier 

enquêtes alsmede simulatie- en regressie-analyses.  Uit deze onderzoeken blijkt dat 

ondernemingen geen gebruik lijken te maken van corporate risk management om 

belastingvoordelen te behalen of om kosten van een eventueel faillissement te 

reduceren.  In verschillende studies wordt echter wel enig bewijs gevonden voor een 

verband tussen het reduceren van agencykosten en nutsmaximalisatie door managers 
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die verantwoordelijk zijn voor het risicomanagementbeleid.  De enige echt 

overtuigende conclusie die uit deze onderzoeken kan worden getrokken is dat grotere 

ondernemingen veel vaker gebruikmaken van financiële derivaten dan ondernemingen 

in het midden- en kleinbedrijf.  Hieruit kan worden afgeleid dat transactiekosten een 

belangrijke rol lijken te spelen bij het verklaren van corporate risk management.  

Grotere ondernemingen kunnen waarschijnlijk gemakkelijker de vaste kosten van het 

opzetten van risicomanagementsystemen opbrengen en verkeren daarnaast in een 

betere positie om voor risicomanagement gekwalificeerd personeel in dienst te nemen. 

 

In Hoofdstuk 3 presenteren wij een normatief model om zowel optimale 

risicomanagement- als productiebeslissingen af te kunnen leiden.  In dit hoofdstuk 

staat een  risico-averse producent, die een strikt convexe Von Neumann-Morgenstern 

nutsfunctie maximaliseert, centraal.  De wijze van modelleren is gebaseerd op het 

“states-of-the-world” model, zoals ontwikkeld door Arrow (1964) en Debreu (1959).  

In dit model wordt de onzekerheid van de toekomst beschreven door N alternatieve 

toestanden, elk met een eigen onzekerheidsprijs (state price).  In dit hoofdstuk wordt 

gekeken naar een onderneming (“de producent”), die een product verkoopt waarvan 

de toekomstige prijs onzeker is.  De producent optimaliseert zijn verwachte nut door 

de totale productie (die constant wordt verondersteld) te bepalen.  Om het prijsrisico 

van de productie te beheersen, zijn termijncontracten en/of put opties beschikbaar.  De 

producent wordt daardoor geconfronteerd met een drietal optimalisatieproblemen, die 

gezamenlijk dienen te worden bepaald:  1) de optimale productiehoeveelheid, 2) het 

optimale aantal termijncontracten en 3) het optimale aantal put opties.  Zoals te doen 

gebruikelijk in de financiële literatuur, wordt verondersteld dat de prijzen van de 
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termijncontracten en put opties zuivere voorspellers van de toekomst zijn (i.c., de prijs 

van het derivaat komt overeen met de verwachte uitbetaling – de zogenoemde 

unbiasedness van de betrokken prijs). 

 In het eerste deel van hoofdstuk 3 wordt ingegaan op algemeen geldende 

(wiskundige) voorwaarden voor het bestaan van unbiasedness.  In de financiële 

literatuur wordt verondersteld dat het bestaan van unbiasedness alleen mogelijk is 

indien er sprake is van een strikt risico-neutrale wereld.  Wij laten zien dat het 

opleggen van restricties aan de kansverdeling volstaat om de aanname van 

unbiasedness te kunnen verantwoorden.  Hieruit blijkt dat unbiasedness kan worden 

verklaard, onafhankelijk van de algemeen geldende risicohouding. 

 In het restant van hoofdstuk 3 worden de optimale productie- en 

risicomanagementbeslissingen bestudeerd.  Een belangrijk element in de analyse 

heeft, zoals eerder gesteld, betrekking op het compleet dan wel incompleet zijn van de 

markt.  De vermogensmarkt is compleet indien het impliciete prijssysteem van de 

producent overeenkomt met het evenwichtsprijssysteem op de vermogensmarkt.  Dit 

impliceert dat als markten incompleet zijn, de producent het normaal gesproken 

oneens zal zijn met de marktprijzen van termijncontracten en put opties.  Als gevolg 

hiervan vindt de producent dat, indien de marktprijzen unbiased zijn, de 

evenwichtsprijs van termijncontracten te hoog is en de marktprijs van de put opties te 

laag is.  Hierdoor is het voor hem optimaal om termijncontracten te verkopen en put 

opties te kopen. 

 Indien wordt aangenomen dat de vermogensmarkt incompleet is, is het voor de 

producent optimaal het prijsrisico van zijn productie volledig met termijncontracten af 

te dekken.  Er is in dit geval sprake van separatie tussen de optimale productie- en 
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risicomanagementbeslissing, ondanks het feit dat de producent de prijs van de 

termijncontracten te hoog vindt (gegeven zijn persoonlijke waardering op basis van 

zijn impliciete state prices).  De resultaten (volledige afdekking en separatie) zijn 

derhalve onafhankelijk van het al of niet compleet zijn van de markt. 

 Als de producent de prijsrisico’s met behulp van put opties kan afdekken, 

blijkt dat de optimale hoeveelheid put opties afhangt van de mate waarin de producent 

gebruik kan maken van de obligatiemarkt.  Dit kan, afhankelijk van de situatie, 

resulteren in het volledig afdekken van prijsrisico’s, maar ook in overdekking en 

onderdekking.  Daarnaast blijkt dat, afhankelijk van de mate van risico-aversie, de 

producent minder zal produceren wanneer hij puts tot zijn beschikking heeft, in 

vergelijking met de situatie waarin hij het prijsrisico met termijncontracten kan 

afdekken.  Als gevolg hiervan is er geen sprake van separatie tussen de productie- en 

risicomanagementbeslissing. 

 De laatste bijdrage van dit hoofdstuk aan de bestaande literatuur is dat, als 

zowel gebruik gemaakt kan worden van termijncontracten als van put opties, deze 

instrumenten daadwerkelijk gezamenlijk worden gebruikt binnen het optimale 

risicomanagementbeleid.  De producent maximaliseert zijn verwachte nut indien de 

totale productie wordt gereduceerd, put opties worden gekocht en het prijsrisico 

volledig wordt geëlimineerd met behulp van termijncontracten. 

 

In Hoofdstuk 4 wordt het in hoofdstuk 3 gepresenteerde model uitgebouwd door de 

invloed van beloningsstructuren van managers op optimale productie- en 

risicomanagementbeslissingen te onderzoeken.  Naast de producent (i.c., de initiële 

aandeelhouder van de onderneming) wordt een manager geïntroduceerd die 
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verantwoordelijk is voor de productie- en risicomanagementbeslissingen.  Deze 

manager ontvangt, in aanvulling op zijn vaste loon, een aandelenbelang dan wel at-

the-money call opties (waarmee een toekomstig aandelenbelang kan worden 

verkregen).  Onderzocht wordt of, en zo ja hoe, deze meest voorkomende variabele 

(“equity-linked”) beloningsstructuren de optimale beslissingen beïnvloeden.  Een 

beloningsstructuur is optimaal als de risicomanagement- en productiebeslissingen van 

de manager overeenkomen met die van de producent, indien uitsluitend de 

laatstgenoemde verantwoordelijk zou zijn voor de productie- en 

risicomanagementbeslissingen (vgl. de resultaten in hoofdstuk 3).  Deze situatie 

definiëren wij als “incentive compatibility”. 

 Als de manager het prijsrisico met termijncontracten kan afdekken, zal hij in 

beide gevallen (aandelen dan wel call opties als onderdeel van zijn inkomen) het 

prijsrisico volledig afdekken en is er sprake van separatie van de productie- en 

risicomanagementbeslissingen. Omdat deze beslissingen ook optimaal zijn voor de 

producent, is er in het geval van risico-afdekking met behulp van unbiased 

termijncontracten sprake van incentive compatibility:  de beslissingen van de manager 

komen exact overeen met die van de producent. 

 Er is geen sprake van incentive compatibility indien de manager gebruikmaakt 

van put opties om het prijsrisico af te dekken.  Het blijkt dat het voor de manager – 

voor beide vormen van “equity-linked” beloning – optimaal is om over te gaan tot 

overdekking van het prijsrisico.  Daarnaast wordt de totale productie gereduceerd en 

is er daarom geen sprake van separatie van de productie- en 

risicomanagementbeslissing. De mate van overdekking neemt echter af als het 
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aandelenbelang dan wel het optiebelang van de manager stijgt en naarmate zijn risico-

aversiteit toeneemt. 

 Omdat het analytische model geen exacte oplossing geeft voor de mate van 

overdekking als de prijsrisico’s met behulp van put opties kunnen worden afgedekt, 

wordt in het tweede deel van hoofdstuk 4 een numerieke exercitie uitgevoerd om het 

effect van verschillende parameters op de optimale beslissingen te onderzoeken.  Uit 

deze numerieke voorbeelden blijkt dat de mate van overdekking niet drastisch wijzigt 

indien managers een groter aandelen- dan wel optiebelang ontvangen.  Daarnaast 

leiden verschillende niveaus van risico-aversiteit, lagere productieniveaus en 

wijzigingen in de subjectieve state prices van de manager niet tot grote wijzigingen in 

de optimale risicomanagementbeslissing.  Ook in een “worst-case” scenario, waarin 

de factoren gezamenlijk optreden, verandert de optimale mate van overdekking 

slechts in een beperkte mate.  Slechts in een zeer klein aantal (toevallige) gevallen is 

er sprake van incentive compatibility.  Gegeven de bevinding dat de optimale mate 

van overdekking vrij ongevoelig is voor alternatieve aannames in de 

parameterwaarden, zullen de aandeelhouders niet veel nadeel ondervinden van de – 

voor hen – suboptimale beslissingen.  Als gevolg hiervan concluderen we dan ook dat 

de resultaten voor de manager en de aandeelhouders in redelijke mate overeenkomen. 

 

Het afsluitende Hoofdstuk 5 vat het onderzoek samen, gaat in op de beperkingen 

ervan, en geeft enkele suggesties voor verder onderzoek op het onderhavige terrein. 
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