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This paper connects executive compensation with hedging and analyzes a crucial shareholders
and managers agency source that evolves from the pricing of the hedging device. The
shareholders are risk-neutral, while the risk-averse manager hedges the price risk of the
manufactured quantity, and his compensation package includes equity-linked compensation-
stock grants. Only when the hedging instrument's pricing includes a risk premium, hedging is
costly to the shareholders, while it is costless to the manager. Then from the owners' point of
view, we observe managerial over-hedging, increasing in the equity-linked compensation level.
This result leads to a violation of the classical production and hedging separation theorem. We
conclude that, in the case where the hedging device's pricing bears a risk premium, shareholders
can regulate the corporate value diversion to managers through diminishing the managerial
equity-linked compensation scheme or by putting restrictions on the extent of hedging activities
of executives.
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1. Introduction

Following the sub-prime crisis, criticism against excessive managerial compensation has frequently emerged. Scandals, such
as the taxpayers' financing of AIG managerial bonus compensations, have recently enhanced the conviction that the core of
managerial compensation schemes should switch from options-based to a long-term vesting period of stock grants. The aim of
this suggested change is to diminish managers' excessive risk-taking and increase managers' interest cohesiveness with the
shareholders (Denis et al., 2006). However, no attention was given to the potential agency problem of managerial hedging
opportunities, in light of the equity-linked compensation scheme. This study considers the interaction between equity-linked
managerial compensation schemes and various managerial decisions, such as effort, production, and hedging. Using this
framework, we demonstrate a crucial principal-agent agency source that evolves from a specific pricing span of the hedging
device. This pricing span results in excessive managerial hedging operations. In this case we show that regulation, on the level of
equity-linked compensation schemes or the hedging activities, is essential in order to alleviate the corporate value diversion from
shareholders to managers.
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The seminal papers of Baron (1970) and Sandmo (1971) were the first to consider the impact of future contracts on managerial
decision-making.1 However, neither these papers nor later papers considered several important shareholders–manager conflict of
interest issues simultaneously.2 More specifically, prior studies have rarely considered the interaction between equity-linked
compensation schemes and corporate hedging operations while controlling for managerial sacrifice towards the firm and production
decisions. In addition, this classical literature derived its separation theorem results, regarding the independence of production and
hedging decisions, under a specific benchmark pricing of the hedging devices, which does not necessarily hold.

Therefore, an analysis that incorporates both the hedging–compensation interaction and a wide pricing span of the hedging
devices, i.e., commodity future contracts, is vital to better understanding of optimal managerial compensation schemes, in light of
the possibility of costly hedging for the shareholders. We show that in cases like this, increased equity-linked compensation
might result in excessive managerial corporate hedging, which further diverts corporate value from the shareholders to the
manager. Hence, in such scenarios corporations should consider diminishing the equity-linked component in the managerial
compensation package, in order to moderate this acute agency problem.

In the framework of this paper, we assume that as the firm manager absorbs most of his wealth from the corporate value, he
is more risk-averse than the diversified owners of the firm.3 As in reality, corporations do not activate robots to manage firms.
Hence, the asymptotically risk-neutral company owners hire a risk-averse manager, under the assumption that he is well
qualified to increase the corporate value through the performance of observable and latent activities. We assume that control of
production and hedging decisions is vested in the manager, who determines his sacrifice level towards the firm, i.e., the
unobservable managerial perks he consumes and/or the level of efforts he exerts. Both managerial latent effects are quantified
into one personal sacrifice variable, which positively impacts the corporate cash flows. In addition, the manager suffers a
subjective disutility from his sacrifice, i.e., effort exertion or diminished perks consumption, as in Holmstrom and Tirole (1993).
To overcome this ambiguity regarding the managerial sacrifice parameter, the manager is granted equity-linked compensation,
i.e., stock grants, which induces him to work in the shareholders' best interests.4 Therefore, we observe an incentive friction, as
in Bebchuk and Jolls (1998) and Bebchuk and Fried (2003), which ultimately results in an incentive–ownership dilution
tradeoff. The above studies, however, as well as those of Core and Guay (2001) and Meulbroek (2001), or Demsetz and
Villalonga (2001), do not incorporate the manager's opportunities to control risks, and therefore to impact the corporate
shareholders' value, whenever they bear a cost for hedging activities.

The 1970s classical production and hedging separation theorems derive complete independence between production and
hedging decisions in a situation where managers and owners are assumed to be a single entity. Furthermore, within this
conventional outline, this classical solution is found to be invariant to the level of managerial risk aversion.5 This classical
framework analysis is based upon a crucial assumption made regarding the price of the future contract. It is assumed that the
current price of the future contract equals the market consensus expectation of the spot price on the delivery date. Such
benchmark pricing of the future contract is referred to as “unbiased pricing” of the future contract, since there is no upward or
downward drift on the average delivery spot price.6

According to the alternative approach to the unbiased pricing of futures, in a market where hedgers use futures (i.e., short
position of futures) to eliminate price risks, they pay substantial risk premiums to speculators who supply this insurance (i.e., long
futures).7 Indeed, it is plausible to assume that for each case in which the insured product has a positive systematic risk
correlation with the market, the insurers demand a risk premium. Hence, we should expect that in this case the speculators buy
(long) future contracts from the hedgers only if the latter are willing to sell (short) futures at a price below that which the future
price is expected to reach. That is why one should actually expect a deviation from the unbiased future price. For example, in the
above described case, we expect to have a “downward bias” of the future contract's price. This expresses the positive risk
premium speculators demand and hedgers are willing to pay.

Empirical evidence supporting each of the approaches has been documented.8 However, according the later empirical analysis
conducted by Chang (1985), the pro unbiased future pricings neither convincingly confirm nor deny the normal backwardation

1 Other extensions appear in Holthausen (1979) and Anderson and Danthine (1980, 1981).
2 For example, Stulz (1984), Benninga et al. (1985), Adam-Muller (1997), Adam-Muller andWong (2003), Machnes (2005), Smith and Stulz (1985), Froot et al.

(1993), Nance et al. (1993), DeMarzo and Duffie (1995), Mian (1996), Graham and Smith (1999), Graham and Rogers (2002), Tufano (1996), Battermann et al.
(2000), Bartram (2006), Bartram et al. (2009) Adam et al. (2007), Mackay and Moeller (2007) and Campello et al. (2011). We rarely see a model that
simultaneously integrates all the following: managers–owners distinction of risk aversion and incentives, equity-linked compensation as an incentive
mechanism, i.e., Grossman and Hart (1983), the determination of output, and the conduction of risk management activities. Different from production and
hedging literature, in Gao (2010) the manager hedges her equity compensation scheme.

3 Graham and Harvey (2001) Kim et al. (2006) Lins et al. (2009) and Disatnik et al. (2009) mention that managers and shareowners tend to be concerned about
cash flow realizations and their potential impact on corporate value. As Gao (2010) we use the standard way to differentiate their risk attitudes by assuming a
risk-averse manager and asymptotically (or in fact), risk-indifferent owners. Changing this standard risk neutrality assumption of the owners into risk aversion, in
a lower level than that of the manager, doesn't change the essence of analysis but complicates the implicit functions calculations.

4 To illustrate the paper's main idea, we concentrate in stock grants compensation. Hence we are less exposed to utility function sensitivities to convex
compensation schemes such as executive stock options as Ross (2004) shows. We don't consider board-management considerations such as in Hallock (1977).

5 This literature originally deals with product price risk, as examined by Jin and Jorion (2006), but includes other risk sources extensions, such as exchange rate
risk or quantity risk, as discussed by Brown and Toft (2002).

6 For example, see Samuelson (1965).
7 This idea is already expressed in the Normal Backwardation Theory of Keynes (1930).
8 While a few empirical studies, such as those of Telser (1958) and Dusak (1973) find support in future unbiased pricing, other researches, such as Houthakker

(1957) and Chang (1985), document a downward bias of the futures price.

120 S. Akron, S. Benninga / Journal of Corporate Finance 19 (2013) 119–139



theory, nor do they persuasively rule out future contract pricing bias. In his paper, Chang uses a nonparametric statistical
approach to confirm the existence of an evolving positive risk premium for speculators, which has tended towards increased
prominence in recent years as compared to earlier years. Chang's findings raise doubts regarding the classical analysis, which
lacks our entities' distinction and the frictions between managers and shareholders.

More recent literature specifies another possible source of future contracts' risk premiums. Gorton et al. (2008) find evidence
that commodities' risk premiums evolve from market inventories' cyclical behavior. Following the Theory of Storage, they find
empirical evidence for negative relations between inventory levels and the risk premium of commodity futures.

Regardless of which is the correct explanation, there is strong evidence for risk premiums in future contract prices. The implication of
future contracts' risk premiums is the acknowledgement that the cost of hedging for owners is different from its cost for the (more)
risk-averse manager, as they have different certainty equivalents. Hence, biased future pricing might result in a negative shareholders'
corporate value impact. The higher the level ofmanagerial equity-linked compensation, the greater excessivemanagerial hedgingwill be.

Our model also generalizes the classical production and hedging literature into its framework. We first show that the classical
separation results could not exist in the absence of equity-linked compensation. Furthermore, we show that the classical results are
obtained only under a specific unbiased benchmark pricing of the future contracts. Only under such unbiased pricing, we observe that
production and hedging decisions are insensitive to either the managerial level of equity-linked compensation or the manager's risk
aversion. Then, the risk-aversemanager chooses a costless risk elimination hedging strategy, which is also optimal for risk-indifferent
owners.9 This unbiased future pricing guarantees an alignment of interests between owners and management, at any level of
equity-linked compensation. This frictionmitigation results in a separation between production and hedging decisions in the classical
framework, as the manager fully hedges the entire production. Therefore, in this classical case, the optimal equity-linked
compensation is solely determined by the mentioned incentive–ownership dilution tradeoff.

Nevertheless, when the prices of the hedging devices are biased, the separation theorems deviate from their traditional forms.
For instance, given a risk premium for the future contract (a downward bias in the future price), we observe a managerial
tendency to increase hedging positions along with higher equity-linked compensation level. By doing so, managers decrease their
own risk exposure at the expense of the share owner's corporate value.

This outcome occurs because when hedging devices prices are biased, hedging activities are no longer costless to the
risk-indifferent owners. For example, consider the case in which the future is downward biased. In such a case, the
risk-indifferent shareholders prefer that the manager will under-hedge as much as possible,10 as the expected commodity price
is greater than the certain equivalent proceeds from the future contract. Consider the case of relatively low levels of
equity-linked compensation. Then the agent is exposed to rather negligible level of cash flow dispersion and aligns interests
with the desired under-hedging strategy for the owners. Nevertheless, as the equity-linked compensation level rises, the
increased risk exposure induces the manager to demand a higher risk premium and generates a higher need for managerial
hedging position at the expense of the owners. Thus, we show that the separation theorems deviate from their classical form
under biased pricing span of the future contracts.

We conclude that this outcome has an important governance impact on managerial compensation schemes. In cases where
hedging devices prices are biased, the executive compensation plan should be designed to include a rather moderate level of
equity-linked compensation. Finally, we deduce that, given the hedging–compensation interaction, it is more appropriate to take risk
management implications into account when we solve executive compensation schemes models. In other words, we acknowledge
that under certain conditions managerial hedging opportunities are, in fact, part of the managerial compensation schemes.

This paper proceeds as follows. In Section 2, we define our model and assumptions. Sections 3 and 4 present the model under
equity-linked managerial compensation schemes and corporate hedging interaction. We generalize the separation theorems into
our hedging compensation setting, and characterize the conditions for a deviation from the classical separation. Section 5
illustrates the classical separation and the deviation from the traditional form, given different pricing of future contracts using
numerical simulations. Specifically, it demonstrates the value diversion of the owners, through excessive hedging, in the biased
pricing for future contracts. Finally, Section 6 concludes the paper.

2. The model

Our model considers an all-equity firm in a two-date framework.11 There is one commodity, which is used for both
consumption and production. In correspondence with this core literature we consider a price taker firm. However, we can
extend the fundamental analysis into non-competitive environment without any significant change in the essence (Diagram 1).

At date 0, as soon as the manager learns about the composition of his compensation contract, i.e., cash and equity components,
he decides on the fundamental firm's date-1 parameters. Therefore, he chooses the output level y, his individual sacrifice
parameter or effort-perks level e,12 and the corporate hedging policy, i.e., the number of commodity futures contracts he

9 In such a case, the future price equals the expected spot price. As regards risk-indifferent agents, expected utility from the stochastic spot price equals utility
from certain future contract prices; thus in this case, hedging is costless in the eyes of the shareholders.
10 In the production-hedging literature, the concept of under-hedge is used to indicate a hedging allocation of less than the entire produced output. For instance,
an extreme under-hedging preference of the owners might result in their preference towards a long position of the futures.
11 The framework is easily extended to the case of riskless firm debt.
12 Note that higher values of managerial sacrifice parameter “e” might be considered as a diminished impact on costs.
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purchases to eliminate the price risk of the manufactured output. At each of the N=1,…j…J states of date 1, the firm's revenue is
Sj·y, where Sj is the state-dependent commodity price.

The firm's date 1 costs are not state-dependent and are given by

C y; eð Þ ¼ C0 þ C1 yð Þ þ C2 eð Þ; ð1Þ

where C0>0 is a fixed cost, C1(y) is a convex cost function of the production level, and C2(e) is a convex function, which expresses the
impact of themanager's effort on costs.13Whereas C1"(y)>0 C1

"(y)>0, we assume that the effort function has the opposite properties
C

0
2 eð Þ<0 C}

2 eð Þ > 0; C2 e ¼ 0ð Þ > 0 lime→∞ C0 þ C2 eð Þ ¼ C0. This means that exerted managerial efforts decreasingly diminish
costs up to a certain unavoidable level C0.

The diversified owners of the firm are assumed to be risk-neutral, and therefore value the firm according to the discounted
expected profits. On the other hand, as the manager absorbs most of his wealth fromworking within the firm, he is more sensitive
to his wealth realizations; thus, he is considered to be a risk-averse agent who values his end-of-period state dependent
consumption, c̃, by the expected utility E U c̃

� �� ��
. To hold this, we assume that the agent can neither sell nor completely hedge his

equity compensation— a crucial assumption for an effective contract that aspires to attain alignments of interests. A practical way
to cope with this requirement is to impose a long vesting period on the equity compensation scheme, without including
opportunities to hedge against them as, for instance, in Bettis et al. (2001).

2.1. The firm's value and the owner's problem

The state-dependent end of period firm value, V, for all stakeholders (for a firm that issues E0 stock capital, at date 0 when the
risk-free rate rf) is given by14:

Vj ¼ E0 1þ rf
� �

þ Sj⋅y−C y; eð Þ þ ηF F−Sj
� �

− �W : ð2Þ

where:

Sj ≡ The state-dependent commodity price, with respective state probabilities πj.
ηF ≡ The number of short futures positions on the commodity. We assume that all futures contracts have a settlement price F.

The last part of Eq. (2) defines the manager's compensation scheme:

�W ≡ Lump-sum managerial compensation that also represent his reservation wage,
ηS ≡ The number of stock grants in the manager's compensation contract,
vj ≡ The state-dependent stock price.

The firm's shareholders split this value with the managers, who are granted stocks. Denoting the number of shares granted to
managers by ηS, and the per-share value of the company in state j by vj, then the firm's net-of-stock-grant value to the original
shareholders is V̂ , where:

V̂ j ¼ E0 1þ rf
� �

þ Sj⋅y−C y; eð Þ þ ηF F−Sj
� �

− �W þ ηS⋅vj
� �

: ð3Þ

• A firm is established
• Stocks are issued  
• A compensation contract is 

offered to CEO
• CEO chooses output, effort-

perks parameter and hedging 
policy

Date 1

• Output is sold
• Costs are paid
• Futures and/or options are 

exercised
• CEO compensation 

Contract is paid
• The firm is liquidated

Date 0

Diagram 1. The model timeline.

13 Adding a simple white noise factor (with zero covariance with the spot price, S) to the effort parameter makes it non-verifiable. Hence, the entire cost
function or the end of period corporate value is non-verifiable.
14 We avoid the consideration of capital structure implications at this stage such as in Mehran (1992).
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Denoted by ηV, the original number of outstanding shares in the firm; then according to the law of one price, the state-
dependent stock price:

vj¼
V̂ j

ηV
: ð4Þ

The risk-neutral owners have to choose the optimal managerial compensation package in order to maximize firm value.
Denoting the end of period net-of-dilution percentage of the firm owned by the shareholders is 1−αð Þ ¼ 1− ηS

ηVþηS
¼ ηV

ηVþηS
; the

problem of the initial shareholders is to choose the optimal manager compensation contract which maximizes:

Max
�W ;ηSf g

1−αð Þ⋅E Ṽ
h in o

¼ 1−αð Þ
XN
j¼1

πj⋅Vj

8<
:

9=
;: ð5Þ

Because the manager determines the firm's policies, the above expression requires us to first consider the impact of the
compensation scheme on the manager's decisions for the firm. Given the manager optimization solution, we can solve the
shareholders' problem by implementing backward induction.

2.2. The manager's problem

The manager maximizes an increasing concave utility function of consumption:

Max
y;e;ηFf g fδ⋅E U c̃

� �� �
−D eð Þ� � ¼ δ

XN
j¼1

πjU cj
� �

−D eð Þ
8<
:

9=
;

s:t: ð6Þ
c̃ ¼ �W þ ηS⋅ṽ
δ⋅E U cð Þ½ �−D eð Þ≥δ⋅U calternative ¼ �W

� �
where:

δ≡ The subjective discount factor of the manager,
c̃≡ The manager's end of period state-dependent consumption,
D(e)≡ A strictly convex function in effort-perks parameter, which expresses the manager's disutility from his exerted efforts

level e.

After defining each player's problem, we can solve the manager problem and imply the optimal compensation for the owners.

3. The effects of the managerial compensation plan on firm outputs

In this section, we consider the implications of managerial compensation schemes on the manager's decisions that eventually
determine corporate value.We first examine the condition for effective sacrifice incentive using the equity-linked compensation scheme.
We continue by extending the literature to our equity-linked compensation environment. After allowing for hedging opportunities using
commodity futures, we examine the optimal hedging policy and generalize the separation theorems to our compensation framework.

The analysis considers the classical benchmark case of unbiased pricing of future contracts. Under this specification, we
assume that the hedging device price does not include any risk premium. Later on, in Section 4, given the vast literature on the
premium issue, we allow a deviation from that pricing and examine the respective change in the classical separation theorems.

3.1. Lump-sum compensation

We start with the base case, where the managerial compensation contract is not tied to the stock value. Then, we face the basic
agency problem, in which the manager's problem becomes:

Max
y;ηF ;ηP ;ef g fδ⋅E U c̃

� �� �
−D eð Þ� �

s:t: ð7Þ
cj ¼ �W :

It is clear that the following lemma describes this situation:
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Basic Lemma. The manager minimizes his efforts to zero and is indifferent as regards his production and hedging decision variables, if
his compensation package is based on purely lump-sum cash.

3.2. Stock grants and cash compensation

Next, we consider the case where the manager's compensation package is composed of both stock grants and wages. In this
case, we show that the equity-linked compensation plan affects the manager's decisions. In the absence of corporate hedging, i.e.,
substituting ηF=0 in Eq. (3), the net-of-stock-grant firm value for the original shareholders in state j is:

V̂ j ¼ E0ð Þ 1þ rf
� �

þ Sj⋅y−C y; eð Þ− �W þ ηS⋅vj
� �

: ð8Þ

From the definition of vj in Eq. (4):

V̂ j ¼ E0ð Þ 1þ rf
� �

þ Sj⋅y−C y; eð Þ− �W þ ηS⋅
V̂ j

ηV

 !
: ð9Þ

Solving this equation for V̂ j gives:

V̂ j ¼
ηV

ηV þ ηS

	 

⋅ E0ð Þ 1þ rf

� �
þ Sj⋅y−C y; eð Þ− �W

h i
; ð10Þ

and dividing by the original number of outstanding shares, we get:

vj ¼
1

ηV þ ηS

	 

⋅ E0ð Þ 1þ rf

� �
þ Sj⋅y−C y; eð Þ− �W

h i
: ð11Þ

Substituting this into the manager's maximization problem gives:

Max
y;e;ηF¼0f g fδ⋅E U c̃

� �� �
−D eð Þ� �

s:t: : ð12Þ
c̃ ¼ �W þ ηS

ηV þ ηS

	 

⋅ E0ð Þ 1þ rf

� �
þ S̃⋅y−C y; eð Þ− �W

h i

The first order conditions of Eq. (12) with respect to exerted effort and output are:

∂fg
∂e ¼ δ

ηS
ηV þ ηS

	 

⋅E U′ðÞ⋅ −C

0

2 eð Þ
h ih i

−D0 eð Þ ¼ 0 ð13Þ

∂fg
∂y ¼ δ

ηS
ηV þ ηS

	 

⋅E U′ðÞ⋅ S̃−C

0

1 yð Þ
h ih i

¼ 0: ð14Þ

Lemma 1. The equity-linked compensation contract induces the manager to exert greater efforts than the lump-sum compensation
contract. Subject to the manager's risk aversion, a greater number of stock grants induces the manager to exert greater efforts.

Proof. The FOC from Eq. (13) requires that

δ
ηS

ηV þ ηS

	 

⋅E U′ðÞ⋅ −C

0

2 eð Þ
h ih i

¼ D′ eð Þ: ð15Þ

The right-hand side (RHS) of this equation, representing marginal disutility of effort, is clearly positive and increasing in e. We will
show that the left-hand side (LHS) of Eq. (15), representing marginal disutility of effort, is decreasing and positive in effort e and—
depending on the manager's risk aversion–shifts upward and to the right, when the number of stock grants ηS increases. The results are
illustrated in Diagram 2; the technical proof follows the diagram:
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The expression E[U′()⋅[−C2
' (e)]] is clearly positive (Diagram 2). To show that it is decreasing in effort e, we differentiate and

obtain:

d U′ðÞ·½−C
0

2 eð Þ�
h i

de
¼ − U″ðÞ|ffl{zffl}

−

·½−C
0

2 eð Þ|fflfflfflffl{zfflfflfflffl}
−|fflfflfflffl{zfflfflfflffl}
þ

�

2
66666666664

3
77777777775
· C

0

2 eð Þ|fflffl{zfflffl}
−

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{þ

þ U
0
ðÞ|{z}

þ

·C″
2 eð Þ|fflffl{zfflffl}
þ

zfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflffl{þ

8>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>:

9>>>>>>>>>>>>>>>>>=
>>>>>>>>>>>>>>>>>;

<0: ð16Þ

This shows that the LHS of Eq. (15) is decreasing and positive in e.
Next, we show that the LHS of Eq. (15) shifts upwards and to the right when ηS increases, depending on the manager's risk

aversion. To do this, we differentiate δ ηS
ηVþηS

E U′ðÞ⋅ −C
0
2 eð Þ

h ih i
by the granted amount of stocks ηS. For convenience, let's

define:

Z̃0≡Z̃0 y; eð Þ ¼ E0ð Þ 1þ rf
� �

þ S̃⋅y−C y; eð Þ− �W : ð17Þ

This means that the state-dependent consumption from the constraint in Eq. (12) is:

c̃ ¼ �W þ ηS
ηV þ ηS

	 

|fflfflfflfflfflfflffl{zfflfflfflfflfflfflffl}

α

⋅Z̃0: ð18Þ

Therefore:

∂ δ⋅ −C
0

2 eð Þ
h izfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflffl{þ

⋅E ηS
ηV þ ηS

	 

⋅U′ �W þ ηS

ηV þ ηS

	 

⋅Z̃0

� 

⋅

	 
8>><
>>:

9>>=
>>;

∂ηS
¼

∂ E
ηS

ηV þ ηS

	 

⋅U′ �W þ ηS

ηV þ ηS

	 

⋅Z̃0

� 

⋅

	 
� �
∂ηS

¼

E
ηV

ηV þ ηS
� �2
" #

⋅U′ðÞ þ ηS
ηV þ ηS

	 

⋅U″ðÞ⋅ ηV

ηV þ ηS
� �2
" #

⋅Z̃0

" #
⋅

ð19Þ

Marginal expected
 utility from (e)

Marginal disutility 
from (e)

e
e0* e1*

Diagram 2. The optimal effort (e). This diagram describes the optimal effort first order condition for the case of lump-sum cash and stock grants compensation.
When the manager's risk aversion is relatively low, or alternatively, in the case when the ratio between the cash compensation and the equity-linked
compensation is relatively high, granting more stocks to the manager induces him to exert greater efforts.
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A sufficient condition for Eq. (19) to increase for every y* and e*, is that the expression inside the expectance be positive. In this
case, we get a condition for the coefficient of absolute risk aversion (CARA):

CARA ¼ −U″ðÞ
U′ðÞ<

1
ηS

ηVþηS

h i
⋅Z̃0

: ð20Þ

Multiplying Eq. (20) by c̃ definition in Eq. (18),we get a condition for themanager's coefficient of relative risk aversion (CRRA):

CRRA ¼ −U″
c̃
� �

U′ c̃
� � ⋅ c̃< 1

ηS
ηV þ ηS

	 

⋅Z̃0

⋅ �W þ ηS
ηV þ ηS

	 

⋅Z̃0

	 

⇒

CRRA ¼ −U″
c̃
� �

U′ c̃
� � ⋅ c̃< �W

ηS
ηV þ ηS

	 

⋅Z̃0|fflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflffl}

þ

þ 1:
ð21Þ

When Condition (21) holds, higher equity-linked compensation leads to higher exerted effort.15 Thus, as long as the manager
is not too risk-averse, or alternatively when the equity-linked compensation is low enough in comparison to the cash part, an
increased equity-linked compensation plan effectively induces managers to exert efforts, i.e., e1*>e0*.

Next, we examine the impact of the stock price linked compensation on the output level decision. In this context, we
generalize the literature from the 1970s into our hedging compensation model.

Lemma 2. Increasing the number of the manager's stock grants diminishes the manager's optimal output level.

Proof. Themanager's choice for optimal output is determined by Eq. (14), fromwhich it follows that at themanager's optimal y,

E U′ðÞ⋅ S̃
h i

¼ E U′ðÞ
h i

⋅C
0

1 yð Þ: ð22Þ

From the definition of covariance:

COV U′ðÞ; S̃
� �

þ E U′ðÞ
h i

⋅E S̃
� �

¼ E U′ðÞ
h i

⋅C
0

1 yð Þ: ð23Þ

Rewriting Eq. (23), we obtain16:

E S̃
� �

¼ C
0

1 yð Þ þ −
COV U′ðÞ; S̃

� �
E U′ðÞ� �

2
4

3
5

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
Bias > 0

: ð24Þ

To estimate the bias direction, recall that E[U′()]>0, and that the marginal utility is decreasing in consumption. When the
commodity price S̃ increases, the state-dependent consumption increases (since the firm's profit increases) and, consequently, the
marginal utility decreases. Hence, the covariance between the decreasing marginal utility and the commodity price is negative, i.e.
COV U′ðÞ; S̃

� �
<0, and the bias on the expected commodity price is positive. As a result, the manager observes a higher marginal cost

for a given production level, y, and hence chooses an under optimal production level for the firm's owners. Since U′( ) is decreasing in
the equity compensation level, this proves the result. As noted by Baron (1970), the bias increases in themanager's risk aversion, but
it also intensifies in the level of stock grants compensation for a given managerial risk aversion.

Graphically, the results of Lemma 2 are illustrated in Diagram 3 below. The intuition of Lemma 2 is somewhat less obvious
than that of Lemma 1. We obtain the following: excluding hedging opportunities, increased managerial equity-linked
compensation deviates downwards from the optimal production to the shareholders, at their expense. This is because without
hedging opportunities, the risk-averse manager wishes to diminish the variance of his compensation, which is tied to the
corporate value through his stock grants compensation plan. The way to achieve this is to lower the support of the stochastic

15 It is easy to see that Eq. (21) holds when we assume that the agent has either a power utility (i.e., constant relative risk aversion) or a log utility function. In a
typical case of large US companies, cash pay/equity-based pay is roughly 40/60, in which case the manager's RRA coefficient needs to be smaller than 1.667 for
Lemma 1 to hold. We thank the anonymous Referee for providing this example.
16 This result was first shown by Baron (1970), could not, in fact, exist unless we are in an equity-linked compensation world. Hence we also incorporate the
impact of equity linked compensation level on this bias.
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profit distribution function by choosing a lower level of optimal output for the firm. Prior studies have noted that this agency
problem intensifies managerial risk aversion. Furthermore, we show that it also increases in the equity-linked compensation
level, which amplifies the manager's demand for risk premium.

3.3. Optimal equity-linked compensation for the shareholders

Next, we show the optimal compensation scheme in the absence of hedging opportunities for the manager. This solution is
derived from the tradeoff effects that equity-linked compensation causes.

Lemma 3. There exists an optimal equity compensation level ηS*>0 for the shareholders. The optimum is achieved when the marginal
benefit to the owners, from granting the additional stock grant to the manager, equals the expected stock price.

Proof. The proof for this lemma is presented in Appendix B. ■

Lemma 3 shows that there exists a finite positive optimal stock grant level. This is because as the stock grant compensation
increases, there is a cost benefit tradeoff of the corporate value. The offsetting effects caused by the ηS increase are: i) an increase
in the effort-perks parameter causes an increase in the end of period firm value (Lemma 1); ii) a decrease in the optimal
production bias from the optimal output for the original firm owners causes a decrease in the end of period corporate value
(Lemma 2); iii) the dilution effect of the original shareholders' ownership causes a decrease in their end of period firm value.
Incorporating these three effects gives an optimum ex-ante amount of stock grants, ηS, as the optimum is reached when the
marginal benefit to the owners (revenue minus cost) from the marginal stock grants ηS equals the expected share price. We
support this analytical result with numerical simulations, which are presented in Section 5.

Next, we incorporate hedging opportunities into the equity-linked compensation setting and generalize the separation theorems
to our model. We consider a commodity futures hedging strategy. First, we examine the classical benchmark unbiased pricing for the
future contracts. In such a case, we assume no-risk premiums for the hedging device. Later, in Section 4, we examine themanager and
shareholders solution, and the derived change in the separation theorems when the future price is biased.

3.4. Lump-sum wage and stock grants with unbiased future hedging

An extensively examined hedging device mentioned in the literature is the unbiased futures contract. In this case, it is implicitly
assumed that the speculators supplying the insurance to the hedgers do not require a risk premium, or there are storage costs that
account for futures risk premium. Nevertheless, this classical literature does not consider a well defined setting of effort-perks
incentive and production-hedging under the equity-linked compensation framework. According to the classical production and
hedging separation theorems, the optimal production decision is independent of the manager's risk preferences and expectations.
Likewise, it can be differentiated from the optimal hedging decision (see Benninga and Oosterhof, 2004). We next generalize this
result to fit our model's compensation framework.

Theorem 1. Suppose the manager is compensated by cash and stock grants, and suppose she can use unbiased commodity futures to
hedge. In such a case, the manager chooses full hedging and there is a separation between output and hedging decisions. This result
holds, regardless of the manager's risk-aversion or the level of equity-linked compensation. The optimal managerial compensation
contract suggested by the owners does not change, since they do not bear any cost for the hedging operations conducted by the
manager.

Marginal cost of 
production: C1'(y)

Y

Y1* Y0*

C1'(y) +
Positive Bias

E(s)

Costs/Price

Diagram 3. The optimal production (Y). This diagram describes the manager's first order condition for optimal production. In an equity-linked compensation
world, the manager's risk aversion causes a higher marginal cost. Hence, the production chosen by the manager decreases, and the gap between the manager's
chosen output and that desired by shareholders increases (this is one representation of the agency costs in our model). This outcome is a result of equity-linked
compensation. The agency cost increases the level of equity-linked compensation, as higher equity-linked compensation increases actual managerial risk
aversion. The manager responds by decreasing the output level, in order to decrease the dispersion of the firm's operating profit realizations.
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Proof. The proof for this theorem is presented in Appendix B. ■

Note that the manager chooses a hedging policy that eliminates production uncertainty. At the optimum level, the marginal
utility becomes non-stochastic, and thus the left covariance term equals zero:

U′ �W þ ηS
ηV þ ηS

	 

⋅ E0ð Þ 1þ rf

� �
þ S̃⋅y−C y; eð Þ þ ηF F−S̃

� �
− �W

h i� 

¼ Constant: ð25Þ

Hence, the optimal hedging policy is one of full hedging:

ηF ¼ y � : ð26Þ

Finally, given optimal production and the optimal hedging decision Eq. (26), Eq. (B.6) becomes non-stochastic:

Z̃1
≡Z̃1

y�; e;η
F
�

� 

¼ E0ð Þ 1þ rf

� �
þ S̃·y�−C y�; e

� �þ ηF
�⋅ F− S̃
� �

− �W ; ðB:6Þ

and the manager solves Eq. (26) for a positive optimal effort-perks parameter e*>0. Thus, in the case where the manager is
compensated with a combination of cash and stock grants, the possibility to manage risks using unbiased futures solves
production and incentive deficiencies.17 Notice that, in the specific case where the future pricing is defined to be unbiased, we get
the classical results of the separation theorems. Since the hedging is costless to the owners the manager hedges until the full
elimination of risk has been achieved. Therefore, in this case, neither his production decision nor his hedging decision is
influenced by either his risk aversion or the equity-linked compensation level. Finally, in the case of no hedging costs for the
owners, hedging does not change the optimal equity-linked compensation contract.

Following Theorem 1, we also notice the existence of a potential positive impact of hedging on the corporate value, even when
the owners are risk-indifferent. Simultaneous offsetting effects of managerial sacrifice and choice of production determine
whether the hedging impact on the corporate value is eventually positive.

4. Lump-sum wage and stock grants compensation when the hedging device prices are biased

Thus far, we have examined the case of unbiased hedging instruments. In this section, we look at the case where this
assumption does not hold.18 The unbiased case will serve as a useful benchmark. However, it is essential to also consider the
plausible cases in which future pricing includes risk premium, i.e., speculators demand risk premium from hedgers, or storage risk
premium exists. We can even think about contracting costs. Therefore, without loss of generality, we examine the manager's
problem in the case of downwards biased pure future hedging contracts.19

Theorem 2. Suppose the manager is compensated by cash and stock grants and has only futures contracts for hedging. If the futures'
price bears risk premium (meaning, it is downward-biased, FbE(S)), then:

• The optimal production will be less than for the case of unbiased futures.
• The optimal hedging strategy is to under-hedge production.
• Under-hedging decreases at the level of stock compensation.
• The level of production is determined only by the futures price F.
• The optimal compensation contract for the shareholders decreases the level of stock grants' compensation. This is done to regulate the
corporate value diversion to the manager, through excessive hedging.

Proof. The proof for this theorem is presented in Appendix B. ■

What is the intuition for this outcome? Recall, that in the case of unbiased futures contracts, the separation theorems hold,
such that the manager chooses full hedging and thus, entirely eliminates uncertainty. Nevertheless, in the case where the future
price is downwards biased, separation theorems hold somewhat differently and reveal a dependency on the hedging policy at the
level of equity-linked compensation. At low levels of equity compensation, the agent is exposed to a rather negligible level of cash
flow dispersion. A very small stochastic dispersion on the manager's concave utility function simulates a local convergence into an
asymptotically linear utility function. Therefore, in the presence of costly hedging for the owners, the manager aligns interests
better with the owners when moderately compensated with equity-linked compensation, i.e., the manager under-hedges

17 Another way of expressing the result in Theorem 1 is to note that unbiased futures contracts align manager and shareholder preferences by elimination of
production risk.
18 There are inconclusive findings in the literature regarding the pricing of the hedging devices. While a few empirical studies, such as that of Dusak (1973), find
that in the case of future contracts hedging the future price is found to be unbiased, other papers (for example, Chang (1985)) contradict these finding and
document a downwards bias of the futures prices.
19 The empirical findings regarding downwards bias of future price i.e., Chang (1985), expresses a similar idea as a positive correlation between the product
price and the systematic market risk. However, the analysis is similar for upwards biased pure future hedging contracts. In case of upwards bias in the future price
contract, the corporate value diversion analysis doesn't change. Obviously, in this case the optimal quantity of hedging differs to an opposite direction.
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aggressively. However, as the managerial equity-linked compensation increases, the increased risk exposure induces the manager
to demand a higher risk premium, and generates a higher need for a managerial hedging position at the expense of the owners.
Here we conclude an important implication regarding the optimal compensation contract from the shareholders point of view. In
order to alleviate this hedging agency in case of biased hedging instruments pricing it may be wiser for the corporation's owners
to diminish the equity-linked compensation to a relatively low level. That is since a higher level induces the manager to increase
expendable hedging activities from the owners' point of view. With respect to the deduction of the above analysis, we should take
into account a potential bias in the prices of the hedging devices. A priori, it seems that only rarely does this bias equal zero, and
only then do we converge to the classical examined cases. Otherwise, when speculators demand risk premium for supplying
insurance for hedgers or when the storage cost of the commodity creates risk premium, we are exposed to an important value
diversion opportunity through the manager's risk-management operations.

Next, we illustrate our lemmas and theorems using numerical simulations.

5. Simulations of the model and discussion

In this section, we simulate our model. We use a binomial setting in which the commodity price is either S1=20 or S2=60 with
probabilities π1=0.5; π2=0.5. The manager has a constant-relative-risk-aversion utility function u(c)=c(1−γ) /(1−γ); where γ=
0.5. The manager's disutility from effort-perks sacrifice is expressed by D(e)=e2. The manager is paid a lump-sumwage ofW=100,
apart from his equity-linked based compensation. When the firm is established, it raises an initial equity of E0=1000, and the
risk-free return is assumed to be rf=0.05. The number of outstanding shares at the beginning of the period is ηV=100,000. Both the
futures price contract and the put option exercise price are taken as F=Xp=40. Finally, the costs function of both, the effort-perks
parameter and the produced quantity, is represented by the function: C y; eð Þ ¼ y2 þ C0 þ 1

Kþe ;where C0 ¼ 50; K ¼ 0:01:
Besides illustrating the analytical results proved above, the simulations allow us to observe the change of the stockholders'

corporate value, given the stock grants compensation level. Thus, the simulations illustrate graphically the optimal level of
manager compensation, of which we have proven analytically using implicit functions.

Figs. 1–4 illustrate the model setting before hedging opportunities — Lemma 1, Lemma 2, and Lemma 3. Given the sufficient
condition for effort induced by the manager, we notice in Fig. 1 the effectiveness of stock grants compensation in motivating the
manager to exert efforts (Lemma 1 results). Fig. 2 exemplifies the monotonic increasing under optimal production as the number
of stock grants rises (Lemma 2 results). Fig. 3 illustrates Lemma 3's optimal stock grants quantity (or alternatively, post dilution
managerial ownership level α).

In Figs. 5–8, we allow hedging opportunities using unbiased (UB) future contracts (excluding other hedging instruments as
puts). We clearly notice in Figs. 6 and 7 the classical separation theorems according to which the level of production and (full)
hedging of the manufactured quantity is invariant to the level of equity-linked compensation. In this benchmark pricing, where
hedging opportunities using futures are costless to the owners, we observe the convergence of owners–manager risk interests.
Therefore, the optimal compensation, which maximizes corporate value, is solely determined by the effort-inducing versus
ownership-dilution tradeoff, and the optimal contract is similar to the non-hedging opportunities case.

However, when we allow hedging opportunities and the future contracts price is downwards biased (DWB), i.e., Figs. 9–11, we
notice a conflict of interests between the manager and the owners. This tension increases in the level of stock grants
compensation. Therefore, we detect a crucial deviation from the classical separation theorems. At low levels of stock grants
compensation there is a relative cohesiveness of interests and – actual risk preferences; hence, the manager under-hedges –
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Fig. 1. Optimal e changing α — No futures no puts. This illustration of Lemma 1 is the simulation results for the optimal effort-perks parameter (e⁎) that the
manager chooses, as the offered percentage post dilution ownership (α) is changed using stock grants. We see that, under a given manager's risk aversion, the
equity-linked compensation contract induces the manager to monotonically exert effort (until a certain finite-asymptotic level of 0.233, which does not appear in
this figure).
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Fig. 2. Optimal y changing α — No futures no puts. This illustration of Lemma 2 is the simulation results for the optimal production parameter (y⁎) that the
manager chooses, as the offered percentage post dilution ownership (α) is changed using stock grants. We see that, under a given manager's risk aversion,
increase of ownership percentage in the compensation contract induces the manager to a higher deviation from the optimal output chosen by the risk-neutral
firm owners (equal to 20 units), as the offered ownership percentage increases. Therefore, we observe underinvestment friction in the case where no hedging is
involved.
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Fig. 3. Optimal EV changing α — No futures no puts. This illustration of Lemma 3 presents the expected firm value for the original owners of the firm (EV⁎), as the
offered percentage post dilution ownership (α) to the manager. We evidence from this simulation that, under a given manager's risk aversion, the optimal
equity-linked compensation contract part should include about 0.4% of the end of period value.
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Fig. 4. Optimal EU changing α — No futures no puts. This figure is the simulation result for the manager's expected utility (EU⁎), as the offered percentage post
dilution ownership (α) to the manager. Not surprisingly, under a given manager's risk aversion, the manager's expected utility is monotonically increasing at the
ownership percentage level.
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Fig. 5. Optimal e changing α — UB futures no puts. This illustration of Theorem 1 is the simulation results for the optimal effort-perks parameter (e⁎) that the
manager chooses, as the offered percentage post dilution ownership (α) is changed using stock grants. We see that, under a given manager's risk aversion, the
equity-linked compensation contract induces the manager to monotonically exert effort, though hedging opportunities allow him to exert less effort than before
(until a certain finite-asymptotic level of 0.2308, which does not appear in the figure).
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Fig. 6. Optimal y changing α — UB futures no puts. This illustration of Theorem 1 is the simulation results for the optimal production parameter (y⁎) that the
manager chooses, as the offered percentage post dilution ownership (α) is changed using stock grants. We can clearly see that classical separation holds given
costless hedging to the owners (UB — unbiased future pricing). Given the opportunity to hedge price risks (using futures), the manager always chooses the
optimal output for the risk-neutral firm owners (which is also 20 units), regardless of the offered ownership percentage change. Therefore, we notice a mitigation
of the underinvestment friction when managers are exposed to hedging opportunities.
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Fig. 7. Optimal ηF changing α — UB futures no puts. This illustration of Theorem 1 is the simulation results for the optimal hedging parameter (ηF⁎) that the
manager chooses, as the offered percentage post dilution ownership (α) is changed using stock grants. We can clearly see that classical separation holds given
costless hedging to the owners (UB — unbiased future pricing). The manager always chooses to fully hedge the produced quantity to exclude uncertainty,
regardless of the offered ownership percentage. Therefore, regardless of the stock grant he gets, he fully hedges (takes a short position of 20 future contracts) the
optimal output (which is 20 units). Therefore, we see a mitigation of the underinvestment friction that exists when managers have hedging opportunities.
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Fig. 8. Optimal EV changing α — UB future no puts. This illustration of Theorem 1 is the simulation results for the optimal offered percentage post dilution
ownership (α), such that the corporate value for the original owners of the firm (EV⁎) is maximized. In this simulation we see that, given a manager's certain risk
aversion, when hedging is costless to the owners (UB — unbiased future pricing), we get the same optimal equity-linked compensation (about 0.4% of the post
dilution ownership) as in the case excluding hedging opportunities.
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Fig. 9. Optimal y changing α — DWB futures no puts. This illustration of Theorem 2 is the simulation results for the optimal production parameter (y⁎) that the
manager chooses, as the offered percentage post dilution ownership (α) is changed using stock grants. We can clearly see that classical separation does not hold,
given costly hedging to the owners (DWB — downwards biased future pricing). The manager chooses less than the optimal output for the risk-neutral firm
owners (less than 20 units), regardless of ownership percentage change. Thus, there exists separation regarding the production decision, even though it is no
longer optimal for the corporation's owners.
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Fig. 10. Optimal ηF changing α — DWB futures no puts. This illustration of Theorem 2 is the simulation results for the optimal hedging parameter (ηF⁎) that the
manager chooses, as the offered percentage post dilution ownership (α) is changed using stock grants. We can clearly see that classical separation does not hold,
given costly hedging to the owners (DWB — downwards biased future pricing). The manager chooses to under-hedge produced quantity. At a low level of stock
grants, he under-hedges as desired for the owners who bear hedging costs. However the higher is the equity compensation the higher is the managerial risk
premium; hence, she hedges more at the expense of the shareowners. In other words, the hedging policy is affected by the compensation scheme; thus, we
deviate from the classical separation theorems, in the case where futures include risk premiums.
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which is optimal for the owners. Yet, the higher the level of equity-linked compensation, the more aggressively the manager
tends to hedge — at the expense of the firm's shareholders (see Fig. 10). Hence, in this scenario, hedging serves as a
value-diverting instrument – from the owners to the manager – and diminishes the owners' corporate value (Fig. 11). We
conclude that according to such a scenario it would be preferable for shareholders to compensate the manager using relatively
moderate levels of equity-linked compensation, i.e., in our simulation, the minimum possible equity level.

6. Summary and conclusions

In this paper, we consider a price-taking firm activity within one long horizon. The risk-averse manager, who is compensated
by a combination of cash and long vesting period stock grants, bears a disutility from subjective sacrifice to the firm, i.e., from high
effort exertion and/or from low consumption of perks. On the one hand, incorporating an equity-linked compensation scheme
induces the agent to make a sacrifice for the sake of the risk-indifferent owners. On the other hand, increased equity-linked
compensation creates a dilution of shareholder ownership. In light of this tradeoff, there exists an optimal equity-linked
compensation scheme for the shareholders.

Within the above framework, this paper examines the interaction between managerial equity-linked compensation schemes
and various managerial decisions, such as effort/perks parameter, production and hedging. We generalize the classical
production–hedging separation theorems to fit our setting of compensation–hedging interaction. We show that the classical
separation results only exist in an equity-linked compensation world, under a specific, unbiased pricing span for the hedging
device. For instance, this unique pricing may arise either when speculators do not require risk premiums on supplied insurance or
in the absence of commodity futures' storage risk premiums.

The paper illustrates that even in the case of risk-neutral owners, the sacrifice and production agencies can be mitigated
through hedging, within the framework of a proper compensation design. Whether this mitigation is complete or partial depends
on the market pricing of the hedging instruments. Thus, in the case of unbiased hedging instruments, optimal equity
compensation is derived from the incentive and ownership-dilution tradeoff. However, when the prices of the hedging devices
include risk premiums, the separation theorems deviate from their classical forms. Hence, we demonstrate a new agency
problem, generated from the pricing of hedging instruments and enhanced by equity compensation level. Given, for instance, a
positive market systematic risk of the manufactured product, we observe a managerial tendency to increase hedging as the
equity-linked compensation level increases. By doing so, managers decrease their own risk exposure, at the expense of the
shareowners' corporate value. Corporate governance implications of such cases could be either to restrict managerial hedging
opportunities or diminish the level of equity-linked compensation.

Our model indicates that in an equity-linked compensation world, hedging may affect corporate value through the manager's
compensation. Therefore, shareholders should take risk management operations into account when determining executive
compensation schemes. Indeed, under costly hedging for the shareowners, reflected in the prices span of hedging devices,
managerial hedging opportunities could be regarded as part of the managerial compensation scheme.

The next stage of this research is to further examine the value impact of compensation–hedging interaction on corporate
value, through different types of managerial risk aversion. Other alternative hedging device mechanisms should be considered as

EV= 51334.50

1000

1200

1400

1500

1800

0.20 0.4
Managerial Percentage Ownership (α)

0.6 0.8 1

* 0.0001% Minorα α=

Fig. 11. Optimal EV changing α — DWB futures no puts. This illustration of Theorem 2 is the simulation results for the expected firm value for the corporation's
owners (EV⁎), as the offered percentage of firm ownership using stock grants is changed (α) and the future price is downwards biased. We see the crucial
implication for the classical separation does not hold, given costly hedging to the owners (DWB — downwards biased future pricing). In this case, the optimal
equity-linked compensation contract should include a rather moderate 0.0001% for end of period corporate value (or the minimal granted managerial ownership
α). Under future pricing that bears risk premium, corporate value is diverted to the manager through excessive hedging in light of higher equity compensation.
Thus, to alleviate this excessive hedging-agency problem, when hedging is costly to the owners, corporations should minimixe the equity compensation part or
impose restrictions on the hedging opportunities of managers.
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well. Finally, it is interesting to shed light on the preferred equity compensation, i.e., stock grants vs. executive stock options,
through our model, which simultaneously relates to hedging, effort, and production decisions.
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Appendix A. Two ways to extracting end of period stock value

Both of the methods used to extract end of period stock value lead to the same result. At first glance, it seems more
complicated to use the first, but its advantages become obvious when solving for option-based compensation plans. In the
first specification, we use V̂ j as the state-dependent value of the firm at the end of period for the original shareholders, while
in the second, we use Vj as the state-dependent value of the firm at the end of period for both the manager and the
stakeholders.

Then, according to the first way, the stock value and the corporate net value of the manager share

vj¼
V̂ j

ηV
; ð1AÞ

and:

V̂ j ¼ E0 1þ rf
� �

þ Sj⋅y−C y; eð Þ þ ηF F−Sj
� �

− �W þ ηS⋅vj
� �

: ð2AÞ

Substitute:

V̂ j ¼ E0 1þ rf
� �

þ Sj⋅y−C y; eð Þ þ ηF F−Sj
� �zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{Z0

− �W þ ηS⋅vj
� �

ð3AÞ

to get

V̂ j 1þ ηS
ηV

� 

¼ V̂ j

ηV þ ηS
ηV

� 

¼ Z0− �W ⇒ V̂ j ¼

ηV
ηS þ ηV

� 

⋅ Z0− �W
� �

⇒

vj¼
V̂ j
ηV

¼ 1
ηS þ ηV

� 

⋅ Z0− �W
� �

:

ð4AÞ

Alternatively, given the Vj definition and the law of one price:

vj ¼
Vj

ηV þ ηS
ð5AÞ

Vj ¼ E0 1þ rf
� �

þ Sj⋅y−C y; eð Þ þ ηF F−Sj
� �zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{Z0

− �W ðA6Þ

And get the same stock price definition:

vj ¼
Vj

ηV þ ηS
¼ 1

ηS þ ηV

� 

⋅ Z0− �W
� �

: ðA7Þ
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Appendix B. Proofs of Lemmas and Theorems

Proof of Lemma 3. Recall that the shareholders' problem is to determine the optimal level of equity-linked compensation offered
to the manager, ηS.

Max
�W ;ηSf g

nV

nV þ ηS
⋅E Ṽ ηS

� �h i� �
s:t:

Ṽ ¼ E0 1þ rf
� �

þ S̃⋅y ηS
� �

−C y ηS
� �

; e ηS
� �� �

− �W

:

Given the cost function structure, the first-order condition of the shareholders' maximization problem is given by:

dfg
dηS

¼ −ηV
ηV þ ηS
� � ⋅ 1

ηV þ ηS
E0 1þ rf
� �

þ Eð S̃Þ⋅y ηS
� �

−C y ηS
� �

; e ηS
� �� �

− �W
h i

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
E ṽ
� �

þ ηV
ηV þ ηS
� � ⋅ EðS̃|{z}Þ

þ

⋅ dy
dηS|ffl{zffl}
−

Lemma 2

− ∂C1 yð Þ
∂y|fflfflfflfflffl{zfflfflfflfflffl}
þ

⋅ dy
dηS|ffl{zffl}
−

Lemma 2

þ∂C2 eð Þ
∂e|fflfflfflfflffl{zfflfflfflfflffl}
−

⋅ de
dηS|ffl{zffl}
þ

Lemma 1

0
BBBBBB@

1
CCCCCCA

2
6666664

3
7777775 ¼ 0;

ð2BÞ

−nV

nV þ ηS
� � ⋅ E ṽ

� �
− EðS̃|{z}Þ

þ

⋅ dy
dηS|ffl{zffl}
−

Lemma 2

þ ∂C1 yð Þ
∂y|fflfflfflfflffl{zfflfflfflfflffl}
þ

⋅ dy
dηS|ffl{zffl}
−

Lemma 2

þ ∂C2 eð Þ
∂e|fflfflfflfflffl{zfflfflfflfflffl}
−

⋅ de
dηS|ffl{zffl}
þ

Lemma 1

0
BBBBBB@

1
CCCCCCA

2
6666664

3
7777775 ¼ 0: ð3BÞ

So, the condition for optimal managerial compensation is given by:

E ṽ
� �|fflffl{zfflffl}

The Expected
StockValue

¼ EðS̃Þ|fflfflffl{zfflfflffl}
þ

·
dy
dηS|ffl{zffl}
−Lemma 2|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

The Marginal Cost
of ηS

− ∂C1 yð Þ
∂y|fflfflfflfflffl{zfflfflfflfflffl}
þ

·
dy
dηS|ffl{zffl}
−

Lemma 2

þ ∂C2 eð Þ
∂e|fflfflfflfflffl{zfflfflfflfflffl}
−

·
de
dηS|ffl{zffl}
þ

Lemma 1

0
BBBBBB@

1
CCCCCCA

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{

The Marginal Revenue
of ηS

Marginal Profit for the Owners from the Last Stock

ð4BÞ

The optimal stock grants compensation plan is reached when the expected end of period stock value equals the gap between
the marginal revenue and the marginal cost from the marginal stock grant. Adding another stock grant beyond the optimum
changes the owners' marginal profit (the gap between the marginal revenue and cost), such that it is less than the expected stock
value, and hence we deviate from the optimum. ■

Proof of Theorem 1. Consider the manager's problem, when ηF,ηS>0. Then

Max
y;e;ηFf g fδ⋅E U c̃

� �� �
−D eð Þ� �

s:t: ð5BÞ
c̃ ¼ W þ ηS

ηV þ ηS

	 

⋅ E0ð Þ 1þ rf

� �
þ S̃⋅y−C y; eð Þ þ ηF F− S̃

� �
−W

h i
:
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For convenience, we define:

Z̃1≡ Z̃1 y; e; ηF
� � ¼ E0ð Þ 1þ rf

� �
þ S̃⋅y−C y; eð Þ þ ηF F− S̃

� �
− �W : ð6BÞ

The first order conditions when the manager may perform hedging activities using unbiased futures on the commodity
are:

∂fg
∂e

¼ δ
ηS

ηV þ ηS

	 

⋅E U′ðÞ⋅ −C

0

2 eð Þ
h ih i

−D′ eð Þ ¼ 0 ð7BÞ

∂fg
∂y

¼ δ
ηS

ηV þ ηS

	 

⋅E U′ðÞ⋅ S̃−C

0

1 yð Þ
h ih i

¼ 0: ð8BÞ

∂fg
∂ηF

¼ δ
ηS

ηV þ ηS

	 

⋅E U′ðÞ⋅ F− S̃

h ih i
¼ 0: ð9BÞ

Sum Eqs. (8B) and (9B) to get:

δ
ηS

ηV þ ηS

	 

⋅E U′ðÞ⋅ F− S̃ þ S̃−C

0

1 yð Þ
	 
	 


¼ 0: ð10BÞ

Eliminating multiplicative factors and given the definition of the covariance:

COV U′ðÞ; F−C
0

1 yð Þ
h i
|fflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflffl}

constant

0
BB@

1
CCA

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{0

þ E U′ðÞ
h i
|fflfflfflfflffl{zfflfflfflfflffl}

þ

⋅ E F−C
0

1 yð Þ
h i
|fflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflffl}
non�stochastic

¼ 0⇒ ð11BÞ

F ¼ C
0

1 yð Þ: ð12BÞ

This result means that the current futures price is the only factor which determines the level of production, unrelated to the
manager's risk preferences. The combination of Eq. (12B) and the futures price unbiased definition, F ¼ E S̃

� �
, holds Eq. (11B),

given full hedging of the manager's produced output:

COV U′ðÞ; ½ S̃−C
0

1 yð Þ|fflfflfflfflfflffl{zfflfflfflfflfflffl}�
Stochastic

0
B@

1
CA

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{for optimum: ¼0

þ E U′ðÞ
h i
|fflfflfflfflffl{zfflfflfflfflffl}

þ

⋅ ½E½ S̃�
z}|{F

−C
0

1 yð Þ�|fflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflffl}
0

¼ 0: ð13BÞ

Given hedging opportunities for the manager, the optimal contract for the firm owners becomes:

E ṽ
� �|fflffl{zfflffl}

The Expected
StockValue

¼ E S̃
� �|ffl{zffl}
þ

·
dy
dηS|ffl{zffl}

−
Lemma 2|fflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflffl}

The Marginal Cost
of ηS

− ∂C1 yð Þ
∂y|fflfflfflfflffl{zfflfflfflfflffl}
þ

⋅ dy
dηS|ffl{zffl}
−

Lemma 2

þ ∂C2 eð Þ
∂e|fflfflfflfflffl{zfflfflfflfflffl}
−

⋅ de
dηS|ffl{zffl}
þ

Lemma 1

− F−E Sð Þ|fflfflfflfflffl{zfflfflfflfflffl}
¼0

No Risk Premium

2
6664

3
7775⋅ dηF

dηS|ffl{zffl}
0|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Classical Separation

0
BBBBBBBBB@

1
CCCCCCCCCA

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
The Marginal Revenue

of ηS

: ð14BÞ
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The pricing of the future, upon condition that it bears no risk premium, gives the same optimal contract for the owners.

This completes the proof of the Theorem. ■

Proof of Theorem 2. For the case of this theorem, the manager's problem ηF,ηS>0, i.e., Eqs. (25) and (26), and the first-order
conditions Eqs. (5B)–(12B) hold. From the optimum condition Eq. (5A), we learn that C′(y)=F, so that the futures price is the
only factor which determines the optimal production. Contrary to the unbiased price case, there is an impact of the manager's risk
aversion or his equity-linked compensation on his optimal hedging decision, and hence on the corporate value. To see this, note
that from the first-order condition on the manager's utility function:

COV U′ðÞ; S̃−C
0

1 yð Þ
� 
zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{for optimum: <0

þ E U′ðÞ
h i
|fflfflfflfflffl{zfflfflfflfflffl}

þ

· E½ S̃�−C
0

1 yð Þ
h i
|fflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflffl}

þ;since C0 yð Þ¼F<E0 S̃
� � ¼ 0; ð15BÞ

so that both Eqs. (8B) and (9B) hold. Rewriting Eq. (15B), while substituting the consumption equation, we get:

COV U′ �W þ ηS
ηV þ ηS

	 

⋅ E0ð Þ 1þ rf

� �
þ S̃⋅y−C y; eð Þ þ ηF F− S̃

� �
− �W

h izfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{Z̃ 1 y;e;ηFð Þ0
BBBBBB@

1
CCCCCCA; S̃−C′ yð Þ

2
6666664

3
7777775<0: ð16BÞ

In order for this covariance to be negative, it must be that:

y�−ηF
�
> 0⇒ ηF

�
< y�: ð17BÞ

This proves the under-hedging contention.

Another important contention in this theorem is that there is a positive relation between the managerial stock grants ηS and
the managerial hedging strategy ηF. To see this, observe that for a constant level of ηF, an increase in ηS in Eq. (16B) decreases the
covariance (full proof is given in Lemma 4 in Appendix B). Therefore, to offset this, an increase in ηS must be offset by an increase
in ηF.

Finally, given hedging opportunities for the manager, the optimal contract for the owners of the firm becomes:

E ṽ
� �|fflffl{zfflffl}

The Expected
Stock Value

¼ E S̃
� �|ffl{zffl}
þ

·
dy
dηS|ffl{zffl}

−
Lemma 2|fflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflffl}

The Marginal Cost
of ηS

− ∂C1 yð Þ
∂y|fflfflfflfflffl{zfflfflfflfflffl}
þ

·
dy
dηS|ffl{zffl}
−

Lemma 2

þ ∂C2 eð Þ
∂e|fflfflfflfflffl{zfflfflfflfflffl}
−

·
de
dηS|ffl{zffl}
þ

Lemma1

− F−E Sð Þ|fflfflfflfflffl{zfflfflfflfflffl}
−

Downwards Bias

2
66664

3
77775· dηF

dηS|ffl{zffl}
þ

0
BBBBBBB@

1
CCCCCCCA

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
The Marginal Revenue

of ηS

: ð18BÞ

In the case where the pricing of the future bears a risk premium, the optimal equity-linked compensation level is diminished
(naturally in an equity-linked compensation world, we use a minimum of ηS→0+), in order to control for the value diversion to
the manager who uses excessive hedging in the eyes of the shareowners.

This completes the proof of the Theorem. ■

Lemma 4 for Theorem 2. In this lemma, we analyze comparative statics in the case of pure future hedging, when the future price
is downwards biased: the impact of increasing the number of granted stocks on the optimal hedging policy.
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Lemma 4. In the case of pure future hedging, when the future price is downwards biased, the more stocks are granted to the manager,
the less aggressive its hedging policy will be, so, in a sense, the gap between optimal production and optimal hedging is diminished.

Proof of Lemma 4.

COV U′ðÞ; ½ S̃−C
0

1 yð Þ|fflfflfflfflfflffl{zfflfflfflfflfflffl}�
Stochastic

0
B@

1
CA

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{for optimum: <0

þ E U′ðÞ
h i
|fflfflfflfflffl{zfflfflfflfflffl}

þ

⋅ E½ S̃h i
− C

0

1 yð Þ

zfflffl}|fflffl{from 12Bð Þ :
F ¼ E s̃ð Þ−Pos: Bias1

�|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
þ

¼ 0 ð19BÞ

COV U′ðÞ; ½ S̃−C
0

1 yð Þ|fflfflfflfflfflffl{zfflfflfflfflfflffl}�
Stochastic

0
B@

1
CA

zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{−

¼ E U′ðÞ
h i
|fflfflfflfflffl{zfflfflfflfflffl}

þ

⋅ ½E½ S̃�−C
0

1 yð Þ
zfflfflfflfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflfflfflfflffl{
|fflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflffl}

−Pos: Bias1

�
−

⋅ ð20BÞ

Increasing the number of granted stocks, we get the following impact:

COV U′ðÞ↓; ½ S̃−C
0

1 yð Þ�|fflfflfflfflfflfflffl{zfflfflfflfflfflfflffl}
Stochastic

0
B@

1
CA↓

�������
�������↑ ¼ j E U′ðÞ↓

h i
|fflfflfflfflfflffl{zfflfflfflfflfflffl}

þ

⋅ ½ E S̃
� �

−C
0

1 yð Þ

zfflfflfflfflfflfflfflfflffl}|fflfflfflfflfflfflfflfflffl{−Pos: Bias1

|fflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflffl} �
−

j↓: ð21BÞ

Therefore, lowering the gap between Y* and ηF* (in the case of under-hedging), meaning: a less aggressive hedging policy
could increase marginal utility, such that the upper equations hold. ■
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