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Abstract

We analyze optimal executive compensation in a principal agent
framework using two sample firms from the Norwegian market, design
and solve a bi-level principal agent optimization problem. Our analysis
reports three important findings. First, our unambiguous results shows
that stock options should be a part of the optimal contract in addition
to a certain base salary. The options, rather than restricted shares
produce the right incentives. Second, indexed options should be granted
instead of traditional options in cases where firms have a volatility
higher than the market index and where it is a good correlation between
those two. Third, our solutions show that exercise price of options
should be at or near the stock price at the granting time. We confirm
the robustness of our model by optimizing for alternative risk aversion
degrees of the CEOs and the disutility factor associated with their
effort.
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Sammendrag

Vi analyserer optimal kontrakt for toppsjefene i et prinsipal-agent ram-
meverk. Vi tar for oss to eksempler p̊a bedrifter fra det norske markedet,
utformer en standard prinsipal-agent modell og løser et s̊akalt bi-niv̊a
optimeringsproblem. V̊ar analyse rapporterer tre viktige funn. For det
første viser v̊are entydige resultater at opsjoner bør være en del av den
optimale kontrakten, i tillegg til en bestemt grunnlønn. Opsjonene, og
ikke aksjene, gir de riktige og billigste insentivene for et økt innsatsniv̊a.
For det andre bør indekserte opsjoner gis i stedet for tradisjonelle op-
sjoner i de tilfellene der bedriften har en volatilitet høyere enn markeds
indeksen og n̊ar det er god korrelasjon mellom de to. V̊are optimale
løsninger viser at innløsningskurs (exercisepris) p̊a opsjoner bør være
nær aksjekursen ved innvilgelses tidspunktet. Vi bekrefter robustheten
til modellen v̊ar ved å optimalisere for alternative risikoaversjonsgrader
for toppsjefene og den negative nyttefaktoren knyttet til deres innsats.
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Chapter 1

Introduction

CEO compensation contracting is a heated and controversial topic. The
board members should in theory design these contracts on behalf of
the shareholders for maximizing the firm’s value. However, this has not
always worked as intended and optimal contracting is still an unresolved
issue.

There has been lot of focus on equity-based compensation for the top
executives the last decades. The compensation scheme for the CEOs
have in countries like the US almost always stock options as an essential
part. In contrast, this type of compensation is not particularly common
in Norway. Here, mainly bonuses and restricted shares are granted.
While the CEO pay and wealth have increased tremendously in the US,
the Norwegian CEOs are in average having a salary equal to a small
fraction of the American CEOs’ salary.

Even with this highly increasing popularity of equity-based compen-
sation, there has been criticisms against this kind of rewarding system.
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While most professionals within the field point out that the stock options
and shares provide a great incentive to the CEO matching shareholders’
goals, others claim the opposite (Meulbroek, 2001, Hall and Murphy,
2002). Although the size of the compensation is only slightly related
to the executive’s effort, some defend these cases with extremely high
CEO pay with that most of the CEOs are paid for their talents and
skills (Gabaix and Landier, 2008).

On the road to the optimal contract, there has been a lot of talk about
filtering exogenous risk, i.e. external and uncontrollable factors like
market fluctuations and inflation. However, this is rarely taken care
of in the actual contracts. This absence has been of concern to the
researchers and they have often suggested indexed stock options and
shares without any breakthrough (Bebchuk and Fried, 2004). Perhaps
this is due to the shortcomings in corporate governance (e.g. Bertrand
and Mullainathan, 2001) or because of the trade-off between risk and
incentives in the CEO’s compensation (Maug et al., 2012).

In the agency theory for executive compensation contracts, the literature
is mainly based on that the shareholders (principal) are risk-neutral
while the CEO (agent) is risk-averse. Among others, He (2008) shows
that the choice of the CEO as risk-averse can be qualitatively explained,
through the negative relation between incentives and the firm value.

We review relevant literature on incentive contracts and principal-agent
framework for compensating executives, and design a standard principal
agent model based on Armstrong et al. (2007), Dittmann et al. (2010)
and Maug et al. (2012) as the main sources to determine optimal equity-
based compensation scheme for Norwegian executives. Furthermore, we
improve these previous works in several ways.

Our compensation contract can consist of a certain amount base salary,
restricted shares and stock options. We take into account that the CEO
has pre-existing wealth and invested some of it in the firm. The con-
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tracting period is a year, in line with most of prior researches, while the
options granted have a maturity of 5 years. Our special case, valuing
the options according to their market value, gives the CEO possibility
to sell those call options after the contracting period.

Our contribution to the field of optimal CEO pay consists of a robust
model, making use of the most important and latest theories proposed
by previous researches. The most important contribution is our bi-level
model taking both the principal’s and the agent’s preferences into ac-
count. This is something that have been absent in most of the previous
works, including all of Dittmann & co.’s researches. These works imple-
ment a first order approach, where they assume that the CEO already
performs at the optimal effort level and also fix various other variables.
Another important contribution is that we include restricted shares, in-
dexed options and traditional options, which gives a great picture of
the overall equity-based compensation. Last, but not least, our model
implements the CEO’s ability to affect the firm’s performance, where
most of the previous works do not.

The stochastic problem in our model is transformed and simplified into
a deterministic equivalent, giving us a model solvable in a matter of
minutes. This model is also greatly expandable, thus being of highly
relevance in further research on optimal CEO compensation scheme.

The rest of this paper is structured as follows. Chapter 2 presents some
theory and highlights previous and related works. Chapter 3 introduces
our model and methodology. The results, evaluation and further analysis
is presented in chapter 4. Finally, chapter 5 concludes with discussion,
weaknesses of our approach, overall assessment and possible directions
for future work. Some technical materials, including graphs, tables and
the programming code, are gathered in the appendix.
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Chapter 2

Optimal compensation
scheme

What is the reason behind an action? What does motivate and induce
incentives to a specific person? These are two fundamental questions
in a principal-agent framework where the principal wants the agent to
do some work, by motivating or giving incentives to choose the best
action. In this chapter, we will look at the importance of motivation
and incentives, before introduction the principal-agent framework. We
close this chapter by highlighting previous related works on this field.

2.1 Intrinsic and extrinsic motivation

There are numerous interpretations and no common accepted definition
of ”motivation”. According to Arnold et al. (1991), the word motivation
is derived from ”motive”, which refers to a purpose or intention, a mo-
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tive, as the cause behind an action. Likewise, Kaufmann and Kaufmann
(1998) defines motivation as the driving force behind human behavior;
it is something that causes us to act, to maintain this activity and give
it meaning and purpose. This driving force arises from our desires and
our need to perform a specific action.

Traditional and behavioral economics have two very different views on
this topic. The former assumes that each individual will maximize his
own profit or utility, i.e. take rational decisions that best reflect his
financial interests. Behavioral economics, on the other hand, takes into
account the complexity and limitations of the human being. There is
a cause, goal and purpose, together with the degree of intensity behind
our actions. Thus, behavioral economics try to explain why two people
with seemingly the same background, knowledge and duties, perform
differently.

Behavioral economics distinguishes between intrinsic and extrinsic mo-
tivation. If a person is motivated to give an effort because of something
else than the financial compensation, it is seen as intrinsic motivation.
A such motivated employee will genuinely care about his work, find his
tasks meaningful and identify himself with the organization. Thus, he
will likely perform and act accordingly to the organization’s goals and
interests (Murdock, 2002, Akerlof and Kranton, 2005).

Contrary, the level of effort for an extrinsic motivated person will depend
on the reward he gets for his performance. This is what we usually asso-
ciate with the word incentive; a tangible or verbal reward for a specific
behavior, designed to encourage this behavior. Extrinsic incentives mo-
tivates an employee to perform a certain action or activity, rather than
something else. An example is a real estate agent, who has incentives to
sell for a highest possible amount, as a result of his provision-based com-
pensation. In industry, financial compensation is the most commonly
used incentive scheme, but in theory it can be any factor, financial or
non-financial.
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2.2 Principal agent framework

An organization (the principal) appoints a person (the agent) to perform
one or more tasks. Principal agent theory, an important building block
in the performance management and incentive schemes, assume that
an employee will shirk his duty if the process or the results are not
related to his financial self-interest. Furthermore, it is assumed that
only through monitoring, combined with well-defined contracts, that
this form of evasion can be averted (Simon, 1991).

As we see, this is a great simplification of the reality, without taking
into account the agent’s identity and intrinsic motivation, among other
factors. Nevertheless, this framework is very extensive, with numerous
lines of research that attempt to solve various dimensions of the principal
agent problem. We focus in this section on three main problems this
frameworks tries to solve, namely information asymmetry, conflicting
objectives and risk sharing. We also look at different types of contracts
and prepare for our main work.

”By definition the agent has been selected for his specialized knowl-
edge and the principal can never hope to completely check the agent’s
performance” (Laffont and Martimort, 2001, page 12).

Moral hazard, an important aspect in the principal agent theory, is about
that a person with full information can take advantage of the other party
because the latter possess less information. In most cases, only the agent
knows how much effort he is putting into the work. Such information
asymmetry will make it difficult and costly for the principal to observe
the agent’s actions, and thus be difficult to reward him properly as he
deserves (Holmstrom, 1979).

Goal incongruence arise when the agent and the principal have different
goals. The agent wants to maximize his utility by giving an effort so
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that it maximizes his reward. The principal, on the other hand, has
objectives to maximize the firm’s profit, which in turn is dependent on
the agent’s effort.

Third, there are usually some uncertain external factors related to the
agent’s performance. It may be fluctuations in the market, popularity,
weather conditions or other unforeseen circumstances. This means that
the agent is exposed to some kind risk he can not control, thus giving
rise to the risk-sharing problem. We know that people have different risk
preferences, and as a basis in the principal agent theory, it is assumed
that the agent is risk averse, while the principal is risk neutral. In
addition, different agents have different utility functions, i.e. utilities
depending on the degree of risk aversion.

Agency theory looks therefore into all these factors and aim to optimize
the incentive scheme. It tries to solve the problem with goal incongru-
ence by designing the best contract that links the agent’s compensation
to the performance. It is also common for the least risk averse, the prin-
cipal, to take most of the risk. Furthermore, to deal with information
asymmetry and moral hazard problem, including risk sharing, the prin-
cipal can offer a set of optimal contracts for various utility functions for
the agent. Thus, the agent choose the contract best suited his prefer-
ences and disutilities of effort, which also helps the principal understand
the agent’s preferences.

The principal can offer many different types of contracts. We limit
ourselves to look at (1) fixed salary, (2) pure performance-based, and
(3) fixed salary including performance-based compensation. The aim
of the principal is to design and offer an optimal contract the agent
will accept. In order to provide performance-based compensation, the
agent’s actual performance needs to be measured, which can be very
difficult. A number of research articles, Holmstrom and Milgrom (1991),
Prendergast (1999), Baker (2002), among others, points out that any
performance measure will include the effects of random, uncontrollable
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and external factors that shape the final result. A good performance
measure will therefore have a low impact of such factors and most of
the actual performance. This can result in more motivated agents who
will give higher effort when they know that the principal can control the
performance and also expose them to less risk.

We have a firm with its board of directors who acts accordingly to the
interests of the shareholders. This is the principal. Then we have ex-
ecutives who perform tasks for the firm. In reality, every executive are
agents, but we specialize on the case where the chief executive is the
agent. The principal wants to maximize the firm’s value while the agent
maximizes his utility. The firm’s value depends more or less on the
agent’s effort. There is of course some external factors which the CEO
can not control, market fluctuations and trends are two examples. The
agent’s utility function tells us that his performance depends on the
compensation.

It can be shown that the agent, in most cases, will not give an optimal
effort if he gets compensated with just a fixed base salary. Since it is
costly for him to put in more effort than necessary to fulfill the contract,
he will deviate from the firm’s goal, which is to maximize its profit
(Heinrich and Marschke, 2010). Notably, these are the cases where the
intrinsic motivation does not influence.

By just compensating with a fixed salary, the principal will have difficul-
ties to control the agent’s efforts. This is preferred only in cases where
the agent’s effort has no impact on the result. If however, the CEO re-
ceives a compensation solely depending on the firm’s value, for instance
the firm’s stock price, the principal can to some extent get more out
of the agent. The latter will give higher effort to increase his compen-
sation. Such a performance-based rewarding scheme is therefore more
preferable. However, with just a performance-based compensation, the
CEO risks to get zero, or even negative, salary. Even when he gives a
decent effort, there are factors in the stock price he can not control, thus
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giving no guarantee for an increased firm value. Here, we will encounter
problems with risk sharing. The principal is not aware of the agent’s
risk preferences, and with uncertain external factors present, it will be
impossible to create an optimal contract. The principal is likely able to
offer a performance-based compensation that the CEO accepts, but it
will be far from optimal as the agent will demand higher salary to take
the risk.

Performance-based compensation, without any fixed base salary, is not
preferable in work situations where the agent is exposed to risk. Thus,
combining fixed base salary and a reward depending on the performance,
is one of the simplest and most popular compensation schemes (Hein-
rich and Marschke, 2010). The variable performance-based part aims
to induce incentives to give a higher effort, but is balanced with a base
salary for not pushing too much risk on the agent (Baker, 1992).

There are a number of performance measures, each befitting various
cases. In our road to optimal executive contract, we will focus on equity-
based measures. These measures, which are based on the stock price, will
reduce the goal incongruence between the agent and the principal. By
granting shares or stock options as the performance-based part, the CEO
will likely get incentives to perform at a higher level, which increases his
compensation depending on the stock price. Next, we will highlight
previous work done by researchers and other experts on this topic.

2.3 Prior research

We look at some of the main prior research on optimal executive con-
tracts, based on fixed salary and equity-based compensation for inducing
incentives. Particularly, as it have been very popular in the US to grant
stock options, this issue is being taken up and it is asked whether the
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observed contracts can be justified. Further, they discuss the question
if the CEO pay is inefficient and provide some interesting results for
different types of models and risk preferences of the executives.

Of the earliest work we look at, Hall and Murphy (2002) uses the
certainty equivalent approach in line with R. Lambert and Verrecchia
(1991), and find optimal solutions where restricted shares dominates
stock options. Here, the CEO is assumed to have preferences with con-
stant relative risk aversion (CRRA), and the stock price is lognormally
distributed. The major weakness in this model is however that their
analysis is based on partial equilibrium, i.e. that it only takes into ac-
count certain parts of the contract. They try to grant the CEO equity-
based compensation by dropping fixed base salary. Thus, this model
does not include the actual incentives provided by the options.

Next out is Aseff and Santos (2005), where the authors consider if stock
options induce incentives to increase performance. Here, the CEOs can
give either high or low effort, and it is assumed that the agent’s problem
can be addressed with the first order approach (FOA). Furthermore, the
compensation contract can consist of only fixed salary and stock options,
so no restricted shares. They show that stock options should be a part
of the optimal contract to make the CEO give a high effort. The cost
of moral hazard (when the CEO chooses the low effort) is high for the
principal, but can be prevented by granting options and thus inducing
incentives for high effort.

Similarly, Kadan and Swinkels (2006), concludes that stock options
should be part of the optimal contract where the non-viability risk (a
probability that the stock price becomes equal to zero) is low, which is
true in most cases. In addition to that the stock options are preferred to
restricted shares, they also show that low bankruptcy risk is correlated
with less use of restricted shares. A major weakness in their model is
that the compensation scheme can consist of either options or shares,
but not both. Another point to note is a constraint with minimum
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payment or limited liabilities.

Dittmann and Maug (2007) is one of the reference papers in recent
times, which in spirit of Holmstrom (1979), develops a single-period
standard principal-agent model where the agent is risk averse and have
preferences with CRRA. Their optimal solutions differ considerably from
the observed compensation schemes. They report that optimal contracts
should have no or minimal stock options in the scheme. Further, the
base salaries should be lower and incentives are to be provided through
restricted shares. Even though they use a number of realistic futures,
they assume that the CEOs in observed compensation scheme already
give an optimal effort and try to minimize the firms’ cost for the given
effort-level. They also use the FOA and with that consider only a partial
optimization problem; whether if the observed compensation contracts
are optimal.

As their results contradicts with the empirical estimations, (the CEOs
in the observed cases are being granted a lot of stock options), this have
been origin to several different models. Dittmann et al. (2010) looks
at compensation contracts when executives are loss-averse. Their opti-
mal contracts explain the observed contracts, the compensation schemes
granting stock options and including a high base salary. They find out
that the more loss-averse the agent is, the more options are granted. This
is because an increase in loss aversion also increases the risk-tolerance.
As we see, this is the total opposite of when the CEO is just risk-averse.

Further, Dittmann and Yu (2011) considers a model where a risk-averse
CEO is provided with risk-taking incentives in addition to effort incen-
tives. Calibrating the model to the observed contracts, they find that
this matches better with the observed contracts than a model without
risk-taking incentives. They also find that the optimal contract protects
the CEO from losses for bad outcomes and that the options should be
granted in-the-money in these cases.
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In their latest work, Maug, Dittmann, and Spalt (2012), include indexed
options in the compensation scheme. Their findings do not support
indexing equity-based compensation. For most of their CEOs, indexed
options take away their incentives because they reduce the chances of
bad outcomes.

As we mentioned above, the common factor for most of this research,
especially the works by Dittmann & co., is that all of them use actual
observed contracts as reference, i.e. they assume the CEO performs an
optimal action in the observed cases, and try to reduce the firm’s cost
for the same action. Using a first order approach like this can be prob-
lematic. The principal can likely increase the CEO’s effort level and also
maintain the same cost. Thus this differs from a typical agency model
where we should consider both the agent’s and principal’s optimization,
not just the principal’s.

Unlike these, Armstrong et al. (2007) solves a complete bi-level opti-
mization problem between the agent and the principal. They find that
stock options are almost always an important part of the executive com-
pensation scheme. A tiny weakness in their model is that they consider
only options granted at-the-money.

We see from all these works that there is ongoing research on whether to
use stock options in an optimal executive compensation scheme. To get
a better insight, we apply some of the approaches from this literature,
especially Armstrong et al. (2007) and Maug et al. (2012), and construct
our own agency model.
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Chapter 3

Our principal agent model

Our principal agent model is a contracting problem between the CEO
(agent) and the shareholders (principal). The agent’s action is unobserv-
able and costly, but there is a positive correlation between the agent’s
effort and the firm’s value at end of the period. The general optimization
model below introduces our problem:

max
φ,nsr,nor

z = ntot ∗ ST (a)− πT (3.1)

s.t. EV (WT (a))−D(a) ≥ U (3.2)
a ∈ arg max

ai

{EV (WT (ai))−D(ai)} (3.3)

3.1 Assumptions

The principal maximizes the firm’s expected value z; total shares out-
standing ntot, times the stock price ST at end-of-period T, less the
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agent’s total compensation, πT . Latter consists of fixed base salary
φ, restricted shares nsr and stock options nor. The first requirement for
the principal to satisfy is to offer a compensation which outnumbers the
agent’s outside options, namely his reservation utility U . This is taken
care of in the restriction 3.2, where EV is the expected wealth-utility.
Both the agent’s expected end-of-period wealth WT and his disutility
D is function of his effort a. The restriction 3.3 shows that the agent
will choose his optimal effort a according to his expected utility for the
corresponding end-of-period wealth WT .

Agent’s wealth
The agent’s end-of-period wealth WT consists of his pre-existing wealth
and his total compensation for this period, πT .

WT = W0(1− ω) ∗ exp (rfT ) + nsuST + πT (3.4)

The agent has a fraction ω of his pre-existing wealth invested in the
firm, in terms of unrestricted shares nsu. The rest, 1− ω, is invested at
risk-free rate. The CEO’s compensation, πT , is given by:

πT = φ ∗ exp (rfT ) + nsrST + nor(ψ ∗ JS + (1− ψ) ∗BS) (3.5)

Here, the fixed salary φ is invested at the risk-free rate. The CEO
can be granted an amount of restricted shares nsr and stock options
nor as a part of the compensation. The value of the latter is given
by Johnson and Tian (2000) for indexed options and Black and Scholes
(1973) for traditional options. The indexation-level ψ ∈ [0, 1] determines
the fraction of options indexed.

Stock Price
The firm’s expected stock price at end of the period is defined as a
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function of the CEO’s effort ai, which in turn is represented as the total
expected return µp. The end-of-period stock price ST is given by:

ST = S0 ∗ exp{(µp −
σ2

p

2
)T + upσp

√
T}, (3.6)

S0 is the firm’s stock price at t=0 and σp is its volatility. We also
include a part with uncontrollable noise, exp{upσp

√
T}. Here, up is a

number from the normal distribution of µp and σp. As it can be seen,
we formulate ST so that the CEO affects both the mean and standard
deviation of the stock price distribution. Next, we define a market price
MT , in the same manner as above.

MT = M0 ∗ exp{(µm − σ2
m

2
)T + umσm

√
T}, (3.7)

We need this market index price later, for valuing indexed options. M0

is the market price at t=0, µm and σm are market’s expected return and
volatility, respectively. um is analogous to up. Both are correlated with
a coefficient of correlation ρ, and the CAPM gives us:

β = ρ
σp

σm
, µp = rf + β(µm − rf ) (3.8)

Agent’s effort
One of the crucial choices in this model is the definition of the agent’s
effort. This effort is basically not observable, but the principal can to
some extent track it, as it will affect the end-of-period stock price ST .
The principal has then to design a contract keeping in mind that the
agent will perform an action which maximizes his utility. A simple but
power-consuming approach is to define the effort as a continuous value
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greater than zero, 0 < a < ∞. To reduce the complexity of our model,
we define 100 different actions the agent can take. This goes in line
with Armstrong et al. (2007), where these discrete values for the agent’s
effort, ai ∈ {1, 2, ..., 99, 100}, provide a perfect correlation with µp.

We define the total return µp as a piecewise linear function of the agent’s
effort. At the lowest possible effort, ai = 1, we set the firm’s return equal
to the risk-free rate. This will give a negative µp since the risk-free rate
is much lower than the firm’s cost of capital. Next, we assume that at
the maximum effort level, the highest return is 3 times the firm’s cost
of capital. In between the highest and lowest effort level, we need a
breakpoint for zero return. We get that if we set the return equal to the
cost of capital, giving us µp = 0. As shown in figure 3.1, this is located
at ai = 30.

Figure 3.1: Total return as a function of effort

This seemingly arbitrarily scaling of total expected return µp will appear
a bit controversial at the first glance and is something that should be
discussed. At the maximum effort level 100, the total return of our first
firm is 14 %. For our second firm, this equals to 18 %. We defend this

18



choice by referring to Armstrong et al. (2007) and ValueLine (2012). The
former report from the high long-term Value Line forecast of annualized
return, their mean being equal to 20.05 % with a standard deviation of
8.76 %. As I was unable to find any similar forecast for our Norwegian
firms, I estimate a lower value for our first firm and 4 % higher value for
our second firm. As we will see later from the data of our firms, this fits
well when it comes to the sizes of our firms. Additional we needed to
scale a bit down when we compared our Norwegian firms to the average
American firms’ size. Noteworthy, there is still doubtful whether there
is this strong connection between the CEO’s effort and the firm’s return.
Nevertheless, we will go on with this assumption in line with previous
research.

CEO’s utility
The agent’s expected utility is additively separable in wealth and ef-
fort. Expected utility of wealth, EV (WT (ai)) and the disutility of effort,
D(ai) gives us the CEO’s total utility:

EU(WT (ai)) = EV (WT (ai))−D(ai) (3.9)

In a principal-agent framework, it is usually assumed that the principal is
risk-neutral and the CEO is risk-averse (Eisenhardt, 1989, Prendergast,
1999). One of the most used utility function for the agent’s wealth is
the constant relative risk aversion, CRRA:

V (WT (ai)) =
1

1− γ
WT (ai)1−γ (3.10)

Here, γ is the coefficient of relative risk aversion. The agent is risk-
neutral if it equals to zero. The higher the value, the more risk-averse
the agent is. Initially, we set γ = 2. Maug et al. (2012) and Armstrong
et al. (2007) are two of several prior works which support this choice.
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D(ai) = λ ∗ a2
i , (3.11)

We define the disutility of effort function as given in the equation above.
The choice of this is a controversial and well-debated topic in the com-
pensation literature. While a2

i is commonly used, the same can not be
said about the value of the disutility scaling parameter λ. This param-
eter has to ensures that D(ai) is of the same order of magnitude as
V (WT (ai)), and also preserve the significance of the disutility of effort.
We will later on discuss the choice and calibration of this parameter.

Stock options
The CEO is granted a composition of traditional stock options and in-
dexed stock options. The traditional stock options’ payoff is valued
accordingly to Black & Scholes formula for call options. The latter is
based on the performance and links the strike price to an equity index
(Johnson and Tian, 2000, Wu, 2002).

BS = ST ∗N(d1)−Ke−rf T̂N(d2), (3.12)

d1 = ln
( ST

Ke−rf T̂

) 1

σp

√
T̂

+
σp

√
T̂

2
, d2 = d1 − σp

√
T̂ ,

Equation 3.12 gives us the Black & Scholes valuation for stock options.
We choose dividend-protected options, as dividend pay will just reduce
the firm’s value and also the valuation of both traditional and indexed
options. T̂ is options’ maturity, N is the cumulative standard normal
distribution function and K is the strike price. In our initial solution,
we set K = S0, which gives at-the-money options at the time they are
issued.
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Noteworthy, we set the maturity to go further beyond the contracting
period, to a maturity of 5 years. Additionally, we value the Black &
Scholes options using the end-of-period stock price ST , thus making
these traditional options related to the stock price at the end, and not
the initial stock price as sometimes used in old valuations. Both these
modeling choices show that we get the market value of the options,
depending on the ST . This also implies that the CEO can sell the
options after the end of the contracting period of an year. Even though
these choices are not widely used, they are greatly of interest to evaluate.
We expect this dependency with ST will provide the CEO incentives for
giving a better performance and thus gaining a higher stock price ST .

Indexed options are valuated using Johnson & Tian’s formula (2000), in
the same procedure as Schnusenberg and McDaniel (2000), Duan and
Wei (2003) and Meulbroek (2001) among others.

JT = ST ∗N(dindx
1 )−HT ∗N(dindx

2 ), (3.13)

dindx
1 =

ln (ST /HT ) + 0.5σ2
I T̂

σI

√
T̂

, dindx
2 = dindx

1 − σI

√
T̂ ,

Here, we can see many similarities to the Black & Scholes formulation.
For traditional options, we have a simple strike price, depending only
on whether the options are granted in-the-money (ITM), at-the-money
(ATM) or out-of-the-money (OTM). Here, we have a more complicated
strike price, HT , the value of the index exercise price.

HT = S0

(MT

M0

)β
exp{ηT̂}, (3.14)

where η = (1−β)(rf +0.5ρσIσp). β and ρ are given from equation 3.8 on
page 17. To vary the exercise price, we can replace HT with ξHT , where

21



ξ ≤ 1 if options are granted ITM, ξ = 1 if ATM and ξ ≥ 1 if OTM.
As we see, the indexed options also have a maturity different from the
contracting period, which gives us similar valuation choice as we used
for traditional options.

3.2 The complete model

In this section, we present our complete optimization model. For the
sake of clarity, we do not include every bi-formulations presented in the
previous section. Both ST , WT and πT , which are dependent on the
agent’s chosen effort, are expected values. The indexation degree, ψ,
which is omitted here, is also a variable as mentioned earlier.

Sets

N set of actions

Parameters

ai action i
ntot total shares outstanding at t=0
ST (ai) end-of-period stock price
πT total CEO pay
WT (ai) total CEO wealth

Variables

φ fixed salary
nsr number of restricted shares
nor number of stock options
δi binary for action i

22



Objective

min
∑
i∈N

δi[ntotST (ai)− πT (φ, nsr, nor)] (3.15)

Constraints

δiEU(WT , ai) ≥ U ∀i ∈ N (3.16)∑
i∈N

δiEU(WT , ai)− EU(WT , aj) ≥ 0 ∀j ∈ N (3.17)∑
i∈N

δi = 1 (3.18)

nsr + nor ≤ ntot (3.19)
φ, nsr, nor ≥ 0 (3.20)

δi ∈ {0, 1} ∀i ∈ N (3.21)

This mixed-integer non-linear programming problem, MINLP problem,
which is formulated as a bilevel optimization program, takes the agent’s
optimal response to the principal’s decision into account when producing
the optimal solution.

We define binary variables δi to ensure that one and only one of the
agent’s actions is selected. If for instance action ai = 30 is selected,
only δ30 is active. Equations 3.16 to 3.18 ensure this connection. Fur-
thermore, equation 3.17 tells us that the CEO chooses the action which
gives him the highest utility.

3.3 Implementation

Our optimization model is implemented using GAMS IDE (Rosenthal,
2011). It is one of the most versatile tools for this kind of problems. It
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has a high-level and easy-to-learn syntax system, and includes numerous
solvers, befitting anything from easy LP problems to the most complex
optimization problems.

Our model given in the previous section is implemented as a nonlinear
mixed integer programming problem, using COUENNE (Belotti, 2009,
Vigerske, 2012) and BONMIN (Bonami and Lee, 2007) as the solvers.
The latter is an open-source MINLP solver which uses exact algorithms
for convex problems and variants of branch-and-bound algorithm for the
problem with non-convex constraints. Similarly, COUENNE makes use
of branching techniques, bound tightening and heuristics among others
to find a global optimum to the non-convex problems.

We have used a powerful stationary computer for running our program.
Intel(R) Core(TM) i7-3770K CPU @ 3.50GHz as the processor, 16GB
memory, 64 bits OS and a SSD as the tertiary cache drive. The runtime
varies between 120 and 1500 seconds, with a mean running time of about
300 seconds. The model code is included in appendix B.

Financial choices

As our first sample firm, we use Hafslund ASA, a Norwegian company
listed on Oslo stock exchange. It is one of the largest listed utility
companies in Scandinavia, as well as Norway’s largest power grid owner
and leading player within electricity sales. All parameters and figures
are fetched from public available data and information, mainly Hafslund
(2011) and Oslo Børs’ website (2012).

Norwegian CEOs had in average a monthly salary of 70 900 NOK in
2011 (SSB, 2012). We use this information to get our basic solution. As
CEO’s pre-existing wealth, we use his taxable income fiscal year 2010,
fetched from Skatteetaten (2012). The initial stock price S0 is set to the
traded value first date in 2011.
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We calibrate the wealth-utility scaling parameter κ and effort-utility
scaling parameter λ. To get reasonable results, we need to determine
these critical parameters to the best degree. Without κ, the wealth-
utility would have be very close to zero, which will give us numerical
difficulties. For instance, with WT = 5 ∗ 106 and γ = 2, we have a
wealth-utility equal to −0.0000002. The choice of κ will ensure that the
CEO’s end-of-period wealth is deflated, giving us manageable numbers.

The choice of λ depends on two factors. For the first, it has to give
a disutility at the same scale as wealth-utility. Consequently it has to
be a positive but small number. Second, it has to be high enough so
the disutility of great effort is prominent. Basically, this means that
the CEO should not be able to do the highest possible efforts without
getting adequately rewarded for that performance.

The reservation utility U is the CEO’s total utility for other possible
offers. We use the basic Norwegian CEOs’ mean salary, with our specific
values of κ and λ, as the basis for determining this reservation utility.
Table 3.1 shows us the parameters we set for γ = 2, our initial problem.

Table 3.1: constants used for the first program

Firm & market The CEO

T̂ 5 T 1
rf 0.0312 W0 4 000 000

wacc 0.06 U -2.85
σp 0.236 ω 0.3
σm 0.263 γ 2
S0 70 κ 6 850 800
ntot 195 000 000 λ 0.000235

Strikeprice at-the-money

Armstrong et al. (2007) uses a disutility multiplier equaling to 0.000075
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and a reservation utility at −2.247 in their model. As we see, our choices
are very close to theirs, which gives a better validity to both our and
their choices.

As we are handling uncertainty in the form of unknown effort for the
proposed contract, we work with expected values. Both our end-of-
period firm stock price ST and market stock price MT are lognormally
distributed. We have handled the stochastic by transforming the con-
tinuous distributions to discrete ones. We use the standard normal dis-
tribution as our starting point and derive other discrete distributions
from it. Ergo, the stochastic program is transformed and simplified into
a deterministic equivalent.

To get a decent approximation, we divide the interval in 100 equal parts,
giving us 100 possibilities for each of the 100 effort levels. Further,
we use the cumulative distribution function for the standard normal
distribution to estimate all the expected values, including that of ST ,
MT and πT . All this give us a model which takes into account certainty
equivalence and risk premium.

We compute our first results with constraints on salary types. First of all,
we construct a basic contract with a fixed salary equal to the Norwegian
CEOs’ mean fixed salary, 850 800 NOK. Then we find solutions for
unfixed base salary, shares and indexed options. We omit fixing for
traditional options, as they are a part of our optimal contract. The
entire results for this initial problem are shown in the appendix, while
table 4.1 in the next chapter shows the results for the basic and the
optimal solution.
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Chapter 4

Evaluation and analysis

In this chapter we will evaluate and analyze our results: can the principal
safely include equity-based compensation and be sure it will provide the
CEO incentives for performing as desired? We have made our model
as close as possible to a real-world problem, but nevertheless, it is still
a model. Certain assumptions had to be made and we could not have
succeeded within the set time frame without our few simplifications.

4.1 Initial solution

Our basic solution, as shown in table 4.1, gives an effort level at 24 with
the mean fixed salary. Here, with low base salary, no shares and stock
options, the results show us that there is no incentive for the CEO to
give a better effort. This effort level gives an end-of-period stock price
3.6 % lower than the initial stock price, thus reducing the firm’s value
by about 500 million NOK.
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We see that the CEO has some incentives to give a little effort in our
basic solution. One main reason for this is likely due to the unrestricted
shares he owns in the firm before the start of the contracting period.

Table 4.1: Results for γ = 2
BASIC OPTIMAL

Effort 24 88
Fixed salary 850 800 1 310 683

Shares - -
Options - 38 137

ST 67.55 78.61

Cost of option - 25.585
CEO’s total wealth 5 160 669 6 614 118

Firm’s total cost 877 763 2 327 949
Firm value 13 170 899 250 15 326 730 583

The CEO’s expected utility is the same, -2.85, for all the solutions except
the basic one (see table A.1 in the appendix). As we see, and as a
matter of course, this expected utility equals to the reservation utility.
It is here the true restriction lies. Since the principal wants to maximize
the firm’s value, and thus hold the CEO’s compensation to the lowest
possible level, the principal will offer a contract which gives the CEO
same utility as his reservation utility.

The firm’s cost of an option correspond to either Black-Scholes or
Johnson-Tian’s expected valuation of a stock option, depending on
whether the granted options are traditional or indexed, respectively.
This valuation is almost the same for the CEO; the latter values options
a bit lower.

Furthermore, the CEO’s total wealth is the sum of his compensation
and pre-wealth. Obviously, his compensation approximately equals the
firm’s total cost. The latter is the principal’s cost for offering the
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given compensation composition, without taking the profit into account.
Thus, the total cost is [φerf + nsrST + nor(firm′s cost of options)].

As we can see from the graph in the appendix (figure A.2), it is only at
an effort level around 41 we retain the initial value of the stock price.
Also, the value of the firm scales accordingly. Since the fixed salary
basically does not affect the firm value in any way, we will see a moral
hazard problem. The principal can not verify the agent’s effort, so the
latter will likely perform according to his utility. So, the principal will
want to give the right incentives, which will be of benefit for both of the
parties.

This bi-level model gives an unrestricted optimal solution at an effort
level at 88, consisting of stock options and a fixed base salary as a
compensation for the risky options.

Comparing to the basic solution, the firm’s expected value improves
roughly by 16 %, about 2 billion NOK. The CEO’s expected compensa-
tion is 2.3 million NOK, thus an increase of about 1.4 million NOK from
the basic contract. For the principal, the total cost of the compensation
contract increases by almost 1.5 million NOK. However, this should be
completely acceptable since the firm is expecting this extreme growth.

We question how realistic this is. Can a person, with all his talents
and skills, be behind this unbelievable growth? Therefore, we should be
cautious when analyzing all the numbers. The main weakness here is
likely the expected return being too high for the related disutilities and
utilities. Nevertheless, our main purpose does not lie in that detail.

An important point to notice in our optimal solution is that the stock
options are not indexed at all. Traditional options with a special variant
of Black & Scholes valuation is granted. The CEO is granted a certain
number of options, and at end of the period he is allowed to sell the
options in the market, thus giving him this Black & Scholes value. The
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most common case is that the CEO is not allowed to sell, but can either
exercise the options or get an equivalent cash refund. Unlike this, we
get an incentive-creating compensation in our variant where the CEO’s
valuation of options consists of end-of-period stock price instead of initial
stock price.

The indexed options, which will try to reduce the uncontrollable market
noise, is absent in our results. We suspect the main reason for choosing
traditional and not including indexed options are the low volatility of
the firm. This volatility is even lower than the volatility of index. It
is then likely it will not lower the risk premium. We will later check if
this can be proved. Also, both the CEO and the principal value indexed
options somewhat lower than the traditional options. Expected value of
the Johnson & Tian option is 16.8, versus 25.6 for the Black & Scholes
options.

In our model, both the restricted shares and stock options give the CEO
incentives for increasing the firm’s value, namely give an effort to raise
the stock price. The results show that the principal chooses to grant
options rather than shares, as the firm’s cost of option is considerably
lower than the cost of granting shares. Also, since there is some un-
certainty related to shares and the CEO’s effort decides more or less
the outcome of the stock price, fixed salary is used as the certain salary,
which is needed for the CEO to accept those incentive-creating uncertain
options. We will further in the next sections consider different aspects
of our model, the effects of our model assumptions.

4.2 Exercise price

In the last section, we had an optimal solution with the options at-
the-money. Granting options out-of-money, i.e. with an exercise price
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higher than than the initial stock price S0, will obviously give a lower
cost for the firm. Will that also induce the CEO incentives to give a
higher effort?

Setting a strike price at 77, 10 % higher than S0, we get the results shown
in table 4.2. Notably, these results are when we only include options,
disregard fixed salary and the accompanying risk of the options. An
optimal solution with OTM exercise price is presented in the appendix,
table A.2.

Table 4.2: At-the-money or out-of-the-money
Traditional options Indexed options

ATM OTM ATM OTM
Effort 88 87 87 87

Options 90 989 94 105 124 615 148 262
Cost of option 25.585 22.070 16.666 14.008

Total cost 2 327 963 2 076 900 2 076 828 2 076 850
ST 78.61 78.42 78.42 78.42

Firm value 15 326 730 569 15 289 137 040 15 289 137 073 15 289 137 103

It is to be expected that the CEO’s and the principal’s valuation of both
traditional and indexed options decreases. This means the CEO would
want more options to retain the same effort level. As we see, that is not
happening even though the CEO is granted more options.

The problem is the risk aversion of the agent. A strike price of 77 is
very close to the stock price for the effort level at 88. With such a high
risk, the agent will want a much greater proportion of certain salary,
risk reward, to go along with this.

Additionally, there have been a few discussions about the optimal exer-
cise price. Bebchuk and Fried (2004) argues for out-of-money options as
they only pays off upon strong performance, while Dittmann et al. (2010)
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justifies in their optimal contract that for loss-averse CEOs, the prin-
cipal should grant as much in-the-money options as out-of-the-money
options, and Dittmann and Yu (2011) suggests in-the-money options for
CRRA preferences and if the CEO can affect the firm risk. However,
these finds report marginal savings from at-the-money options and Hall
and Murphy (2000), among others, show that for risk-averse executives,
the incentives are maximized with exercise price at, or near, the grant
date stock price.

4.3 Correlation with market

So far, indexed options have not been worth considering. We check
whether it is due to our sample firm’s low volatility. Our second firm is a
firm also listed on Oslo stock exchange, but with a higher volatility than
Hafslund. Inserting the appropriate parameters (table 4.3), including
the right expected returns for each effort level, µp(ai), we rerun our
optimization problem.

Table 4.3: Parameters for the second firm
ntot 3 182 575 000 σp 0.287
S0 140 ρ 0.84483

wacc 0.09 β 0.919989

While table A.3 in the appendix show all the results for our second firm,
table 4.4 shows the two important solutions. The first one has only
fixed base salary, while the second one is our optimal solution. The
basic solution has a high amount of fixed salary, while the effort level
does not get any higher than 63. This effort level can be a bit misleading
as we are in a moral hazard problem. Except for the unrestricted shares
he owns from before, the CEO has no incentives to give a real effort.
However, the stock price does only increase marginally compared to the
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initial stock price. We can therefore understand, in addition to the
incentive-creating shares he owns, that this effort level can be gained.

On the other hand, the optimal solution is a mix of fixed base salary
and stock options. The latter provide the desired incentives for this high
level of effort.

Table 4.4: Results for our second firm
FIXED SALARY OPTIMAL

Effort 63 93
Fixed 2 005 067 800 397

Shares - -
Options - 40 158

ST 150.31 166.00

Cost of option - 41.21
CEO’s total wealth 7 642 406 8 335 063

Firm’s total cost 2 068 611 2 480 468
Firm value 478 374 842 686 528 314 805 810

The equity-based incentives increase the firm value by 10.4 %, and at
the same time having a marginal increase in the cost, 0.5 million NOK.
This is indeed a very interesting result, even if disregard the unbelievable
growth. In particular, what stock options, and even shares, can do to
induce the right incentives. Another interesting point is that all the
options granted are indexed.

What are the reasons for choosing indexed and not traditional options?
A possible explanation can be that the firm’s cost of traditional options
for this effort level is 63.46, which is considerably higher than the cost
of indexed options.

Another, but the significant explanation is the volatility of the firm
and the correlation with the market index. With an almost perfect
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correlation (ρ = 0.85 and β = 0.92), we see that the indexed options
will be worth considering as they will behave as a catalyst. From the
formula of HT (equation 3.14 on p.21), we get that for β = 1, then HT =
(S0MT )/M0. With a β = 0, then HT = S0e

rf T̂ . Ergo, the correlation
between the firm’s volatility and the market’s volatility should be as
strong and positive as possible to get the best out of indexed options,
i.e. filter out most of the uncontrollable market noise. In addition, the
firm has a higher volatility than the index. Therefore, we can say this
result supports our hypothesis. Indexed options should be chosen to
lower the risk premium and cope with the risk aversion of the agent.

4.4 Risk aversion degree

So far, it has been in favor of an equity-based compensation scheme. As
the risk aversion degree is another well-debated topic, we should also
look into that. What will happen if the agent is less risk averse? What
about a higher risk aversion?

Our further analysis will be based on the second firm, as presented on the
previous section. We consider another 2 risk aversion degrees, namely
γ = 0.5 and γ = 4, and report the results (table 4.5).

There are a few things to note here. Firstly, the difference in reservation
utilities and disutility scaling parameters λ. For γ = 0.5, we have a high
reservation utility, and correspondingly lower λ. For the other two, we
have the reservation utility and the λ at almost the same level.

Secondly, all the stock options granted are fully indexed, for all 3 levels
of risk aversion degree. This indicates that the indexed options are
the best choice for our second firm. Some other similarities we see in
these optimal solutions are that they all include a base fixed salary and
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Table 4.5: Risk aversion degrees
γ = 0.5 γ = 2 γ = 4

Effort 98 93 90
Fixed 162 826 800 397 1 087 705

Shares - - -
Options 54 071 40 158 21 031

Reservation utility 2.0 -2.85 -2.33
Disutility parameter 0.000022 0.000235 0.00026

ST 168.77 166.00 164.36

Cost of options 43.00 41.21 40.16
CEO’s total wealth 8 397 407 8 335 063 7 793 150

Firm’s total cost 2 493 037 2 480 468 1 966 696
Firm value 537 131 414 654 528 314 805 810 523 094 964 005

stock options, have high optimal effort levels and accordingly high firm
value. We still miss the absence of shares in the compensation scheme.
Apparently, stock options are a better choice as the incentive-providing,
but risky compensation.

As we see, the CEO does better performance with lesser certain salary
for the low risk aversion degree γ = 0.5. For γ = 4, the risk aversion
is much higher. Here, the principal has to offer a greater proportion of
certain salary, and at the same time include equity-based compensation
to induce incentives to some extent.

4.5 Scaling parameters

The reservation utility, the disutility scaling parameter λ and the wealth-
utility scaling parameter κ are all connected strongly together. We can
not change the value of one of them without affecting the other two.
Therefore, there will be no reason to vary more than one of them.
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All our solutions above have the same κ, our choice of the reservation
utility and λ for each of the risk aversion degrees, are discussed earlier.

For each of the 3 risk aversion degrees, we change the λ several times,
and report the results in the appendix (table A.4). We could also have
varied the reservation utility, but then we needed to also re-calibrate the
λ, which basically would have been pointless.

We can by looking at different λs confirm our results from earlier. Stock
options are used to induce incentives to do a better performance and
attain a high stock price. All these granted options are indexed, thereby
telling us the importance of these in our case with the second firm.

Another point to note is that increasing the λ also makes it harder for
the CEO to give high efforts. For instance, with a risk aversion degree
at 2, and λ = 0.00029, only 0.000055 higher than our optimal solution,
the CEO will not be able to do a better effort than 85. This is even
though he is being compensated with almost 1 million more.

We look at the different disutility parameters and their correlation to
the effort-levels and thereby implicitly the total return of the firm µp.
For our initial λ, 0.000235, we have µp = 16.46%. This is clearly an
overestimation of the power of incentives. On the other hand, with
λ = 0.00029 we get µp = 14.14%, which can be acceptable. For our first
firm, however, we get more realistic returns. The optimal solution for the
first firm has an effort-level at 88, λ = 0.000235, and gives µp = 11.6%.

From this, we can see that the choice of λ is extremely sensitive to
changes. With only an increase or decrease of just one thousandths, we
get substantial changes in effort level. As we calibrated our initial model
using the Norwegian CEO’s mean salary and effort level at equilibrium,
we got those high optimal results. Setting a more strict foundation,
higher disutility scaling parameter and reservation utility, would have
given lower effort levels at optimum.
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Chapter 5

Discussion and assessment

Finally in this work, we will discuss our results and compare to the
related literature, highlight some of the weaknesses before we conclude
with an overall assessment and directions for future work.

5.1 Discussion

Our analysis show us that the performance is not at the desired level
without any equity based incentives. Granting stock options seems to
be the best choice. In most of the cases, except for the cases where it
is too expensive or impossible for the principal to induce the agent to
give a high effort, stock options are the dominant source of equity based
incentives. A somewhat surprising result is that shares are almost never
granted.

Shares are basically stock options with strike price equal to zero, and
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are therefore more costly. Since stock options are riskier than shares,
the marginal value of stock options is less than of shares, they are more
expensive for the firm. But since stock options induce more incentives
than shares, 1 NOK worth stock options provide more incentives than
1 NOK worth shares, the stock options are in overall cheaper.

Another explanation for granting stock options rather than restricted
shares, is that the latter get extremely costly the higher the effort-level.
Also, when the expected end-of-period stock price is high, this provides
the CEO a payoff in most of the outcomes of the stock price, i.e. for
a range of the right-sided effort levels. Therefore, the principal will be
better off with stock options. The firm’s cost in granting stock options
are considerably lower than for shares, and in addition resulting in a
payoff for the CEO only when the ST is higher than the exercise price.

In the CEO’s perspective, he will not mind getting stock options as a
part of the compensation, as long as it is not too costly for him to give a
high effort and as long as he is also getting paid a certain base salary. A
particular case in our model is where the maturity of options is beyond
the contracting period. Basically, this gives the CEO possibilities to sell
the call options after the end of the contracting period. We see that
this induces additional incentives and also provides a higher valuation
of stock options.

For firms where it is possible to filter away some of the exogenous market
noise, the CEO would rather prefer indexed equity-based compensation,
rather than traditional compensation. To mitigate the risk, market index
options which are tied to some kind of index, OSEBX in our case, is a
good choice to induce incentives. Our unambiguous results show that
the indexed options are less costly than the traditional options, and
that they are always preferred to traditional options in cases where it is
good correlation with the market index and a higher than average firm
volatility.
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There has been a lot of concern about that some executives are being
rewarded for general upswings in the market, which is totally out of
their control (Betrand and Mullainathan, 2001). This pay for luck is
something that should be taken care of, and using indexed stock options
or even shares to filter out such noise can be of great importance.

Our results are consistent with some of the recent research. Even though
the earlier work by Dittmann & co. (Dittmann and Maug, 2007) and
Hall and Murphy (2002) does not support using stock options in the op-
timal contract, later research like Dittmann et al. (2010) and Dittmann
and Yu (2011) conclude with granting stock options as the greatest
incentive-creating compensation. Likewise, Armstrong et al. (2007),
which our work relates most to, closes with a similar conclusion. Stock
options are almost always part of the optimal contract. Furthermore,
Maug et al. (2012) look whether options should be indexed to induce
more incentives. Here our results differ; they report that indexing op-
tions are not a good choice for most of the cases and will destroy the
CEOs’ incentives. Our findings show that whether to index the options
or not depends on the volatility of the firm and its correlation with the
market. Therefore, there can not be a common solution to all the firms;
indexing will just be beneficial for a range of firms and not for every
single firm.

Comparing our results to the practiced compensation schemes in the
Norwegian market, we see great inconsistence. Mostly, stock options
are not a part of CEO pay, which is also the case for our first firm.
The question is then why there is this contrasting differences from the
US firms. Several explanations can be found here, but one of the main
reasons are the regulations and the way of thinking of the Norwegian
government, let alone the Norwegian people. In the US, they have nearly
a free market while in Norway the government has ownership in a lot
of the largest firms. They can therefore constrain executive pay and set
benchmark for the rest of the country. Lately, all the government-owned
firms have been pushed to drop granting options to their executives, thus
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focusing more on base salary and other bonuses. Nonetheless, the CEO
pay in Norway increased 18 % the last year (Aftenposten, 2012), and
there have been a constant debate in the Norwegian society regarding
the executives earning tenfold more than average workers.

In this case, we suggest indexing the options. Granting traditional call
options can result in large salaries the executives do not deserve or have
earned through pure skills and talents. Therefore, indexing options will
remove a great deal of the uncontrollable factor with the market fluctu-
ations and thereby paying the CEO for what he deserves.

5.2 Shortcomings of the model

The greatest weakness in our model is probably the correlation between
the CEO’s effort and the firm’s expected return. Even though this
method is implemented by Armstrong et al. (2007) for US firms, we get
a controversial model for our Norwegian firms without any reference
point. Nevertheless, this has been an acceptable starting point for
an equity based principal-agent model set in Norway and should be
developed further to correspond with real observed and forecasted data.

We select two firms as our sample. The first being a mediocre
but less risky firm, while the second being a huge but more risky.
Even though they are diversified that way, these may not be enough
to determine the optimal compensation for the Norwegian firms and
represent the total Norwegian market. All the previous research, set in
the US and with easy access to a large database of firms and executives,
have used a sample of hundreds of firms. However, as we perform some
kind of sensitivity analysis in addition to our sample firms, we get a
good picture of different cases in Norway and the results should hold.
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We estimate the volatilities of our firms using daily historical data for a
year. This most likely gives poor estimates of the real volatilities, thus
affecting the correlation with the market and the beta form CAPM.
Using monthly historical volatilities, over a longer period, would have
given a better estimation.

Our valuation of options are very primitive. Usually, options are
awarded several times during the contracting period, they have different
exercise prices and also different time to maturity. Including all these
real-life mechanisms would have given higher incentives, as shown by
Armstrong et al. (2007) among others. An increased frequency of
granting options will give strike prices in accordance with the stock
price at the granting time, and thereby reduce the risk of options. Our
results show already that there is a great deal of incentives in options
and by sacrificing a bit accuracy to get a less complicated model, can
be a good compromise.

Finally, our technical modeling choices can have some weaknesses
and possibilities for improvement. As we implement both the princi-
pal’s and agent’s decision, to the other party’s choices, in the same
optimization problem, there can be unobserved issues. A possibility
would have been to model the problem as a real two-stage stochastic
programming problem; the principal offers a contract in the first stage
and the CEO answer with his effort level for the proposed contract.
The second stage is then the outcome, i.e. firm’s value for given effort
level. This will have complicated our model considerably, and as we
assume that the reservation utility is know to both agent and principal,
our model as a single bi-level problem is more than acceptable.
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5.3 Overall assessment

We suggest the optimal CEO compensation contract should include
stock options in addition to fixed base salary. Our unambiguous results
show that there is a lot to fetch from such contract. The equity based
compensation gives the CEO incentives to perform at a higher level and
also reduces the total agency cost for the firm. Furthermore, the CEO
should invest some of his wealth in the firm’s assets, giving an increased
ownership which in turn will be a source for intrinsic motivation.

Stock options should be indexed if the firm has a higher volatility and
good correlation with the market index. This will reduce noises which
the CEO can not affect, thus giving a fair compensation. A weakness
in our model is that the CEO’s effort and the expected return of the
firm is tightly connected, which results in that the CEO can affect the
outcome too much. Also, our basic solutions give somewhat unrealistic
high expected returns, which is likely the case of using weakly calibrated
parameters.

We see that the Norwegian firms do not offer the executives optimal
contracts. As the Norwegian government are against granting options
and is opposed to high CEO pay, indexing options are worth considering.
Just offering a high base salary will be more costly for the firm than
offering cheaper equity based compensation in addition to a lower base
salary.

The goal of our work was to base on the research on American firms, by
Dittmann et al. (2010) and Armstrong et al. (2007) among others, and
model a contract for Norwegian CEOs. Similar to the previous works, we
use the standard principal-agent framework where the principal wants an
agent to perform a task and the agent’s effort is unobservable. We differ
from the previous work in several areas. First, in contrast to Dittmann &
co., we implement a complete bi-level problem where both the agent and
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principal maximizes their utility and firm value, respectively. This gives
a more realistic model where we do not need to assume that the observed
contracts have optimal effort level or be affected by the shortcomings
of the first order approach. Secondly, we do not allow negative base
salary and facilitates granting both restricted shares and stock options
in addition to a base salary. Thirdly, we do several sensitivity analysis,
including granting options out-of-the-money and at-the-money. Finally,
we index options using a market index and check whether it is better to
index than grant normal call options.

Even though we specialized in equity based compensation and extrinsic
incentives, we should mention that highly intrinsically motivated CEOs
will require less compensation for high performance. It is therefore cru-
cial to facilitate for genuinely motivating the executives. Another benefit
from this, is that by paying lower wages for great effort, the controversy
of enormous executive compensation can be avoided.

5.4 The road ahead

This work can be seen as a first step in designing the optimal CEO com-
pensation contract for a Norwegian CEO. With the shortcomings and
the simplicity of our model, there should be several interesting directions
for future work.

Some of recent works report that the CEOs indeed are loss-averse and
our model can easily be extended to include loss-aversion. In the same
line, there is also possible to check out different types of risk aversion,
for instance decreasing relative risk aversion.

Another direction is to implement something similar to Dittmann &
co. for Norwegian firms, i.e. assume that the observed contracts have
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optimal effort level and formulate an optimization problem which min-
imizes the firm’s costs. Here, it should also be possible to calibrate the
parameters better with real observed and quantitative data.

Further, designing a more complex model including different options,
with different exercise prices and maturity, and including more compen-
sation alternatives, for instance debt, pension plans and severance pay,
will give a more realistic model.

Finally, there should be possible to design a model with a real two-
stages stochastic programming problem. Without knowing the CEO’s
preferences, which is likely the true case, the principal can offer several
contracts, the so-called non-linear contracts, for different possible pref-
erences. By taking this into account, we will be on the road to a perfect
contract.
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Appendix A

Figures and tables

Figure A.1: CDF used in our programming model
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Figure A.2: The expected stock price as a function of effort. The
initial stock price 70 is preserved at an effort level around 41.

46



T
ab

le
A

.1
:

A
ll

re
su

lt
s

fo
r
γ

=
2,

fo
r

ou
r

fir
st

fir
m

.
T

he
fir

st
on

e
is

ba
si

c
so

lu
ti

on
w

it
h

ba
se

sa
la

ry
fix

ed
to

th
e

N
or

w
eg

ia
n

C
E

O
s’

m
ea

n
sa

la
ry

.
T

he
se

co
nd

is
w

he
re

w
e

in
cl

ud
e

on
ly

ba
se

sa
la

ry
in

th
e

co
m

pe
ns

at
io

n
sc

he
m

e,
w

hi
le

th
e

th
ir

d
on

ly
in

cl
ud

es
sh

ar
es

.
T

he
re

af
te

r,
w

e
ha

ve
a

co
m

pe
ns

at
io

n
sc

he
m

e
w

it
h

on
ly

in
de

xe
d

op
ti

on
s

w
he

re
w

e
di

sr
eg

ar
d

th
e

ri
sk

av
er

si
on

an
d

th
e

ag
en

t’
s

di
sp

le
as

ur
e

in
un

ce
rt

ai
n

sa
la

ry
.

F
in

al
ly

w
e

ha
ve

th
e

op
ti

m
al

so
lu

ti
on

,
w

hi
ch

in
cl

ud
es

a
ba

se
sa

la
ry

an
d

no
n-

in
de

xe
d

op
ti

on
s.

T
he

di
su

ti
lit

y
sc

al
in

g
pa

ra
m

et
er
λ

is
0.

00
02

35
an

d
th

e
re

se
rv

at
io

n
ut

ili
ty

is
-2

.8
5

in
al

l
th

es
e

m
od

el
s.

B
A

S
IC

F
IX

E
D

S
A

L
A

R
Y

S
H

A
R

E
S

IN
D

E
X

E
D

O
P

T
IM

A
L

E
ffo

rt
24

50
86

87
88

F
ix

ed
85

0
80

0
2

25
6

44
6

-
-

1
31

0
68

3
Sh

ar
es

-
-

23
61

8
-

-
O

pt
io

ns
-

-
-

12
4

61
5

38
13

7
In

de
xa

ti
on

de
gr

ee
0

0
0

1
0

ST
67

.5
5

71
.5

6
78

.2
2

78
.4

16
78

.6
1

C
os

t
of

op
ti

on
s

-
-

-
16

.6
66

25
.5

85
C

om
pe

ns
at

io
n

87
5

39
4

2
32

1
67

2
1

84
2

64
1

2
07

1
77

2
2

32
1

88
3

C
E

O
’s

to
ta

l
w

ea
lt

h
5

16
0

66
9

6
48

7
39

0
6

12
7

91
6

6
36

0
52

3
6

61
4

11
8

F
ir

m
’s

to
ta

l
co

st
87

7
76

3
2

32
7

95
7

1
84

7
46

4
2

07
6

82
8

2
32

7
94

9
ob

j.
(fi

rm
va

lu
e)

13
17

0
89

9
25

0
13

95
4

74
0

61
8

15
25

1
61

5
25

8
15

28
9

13
7

07
3

15
32

6
73

0
58

3

47



Table A.2: Out-of-the-money optimal solution for our first firm

OTM OPTIMAL

Effort 87
Fixed 315 448

Shares -
Options 79 359

Indexation degree 0
ST 78.61

Cost of options 22.070
CEO’s total wealth 6 360 437

Firm’s total cost 2 076 895
obj. (firm value) 15 289 137 041

Table A.3: Results for our second firm (γ = 2)
BASIC SHARES TRADITIONAL OPTIMAL

Effort 63 92 92 93
Fixed 2 005 067 - - 800 397

Shares - 12 502 - -
Options - - 37 551 40 158

Indexation degree - - 0 1

ST 150.31 165.46 165.46 166.00

Cost of option - - 63.018 41.205
CEO’s total wealth 7 642 406 7 914 266 8 227 930 8 335 063

Firm’s total cost 2 068 611 2 068 516 2 366 382 2 480 468
Firm value 478.375 E+9 526.569 E+9 526.569 E+9 528.315 E+9
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Appendix B

The GAMS code

Here, we have included our full GAMS code for the first firm. There
are some explanations in the code itself. Apart from that, Rosenthal
(2011) explains in great detail the syntax, semantics and structure of
the GAMS programming language.
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    1 

    2 $ontext

    3 

    4 Chief Executive Officer Compensation

    5  - Optimal Equity-based Incentives

    6 

    7 Model by Visnu Manoharan, 2012-

    8 

    9 $offtext

   1 0 $funclibin stolib stodclib

   1 1 *****************************************************************

   1 2 * Function for cdf of normal distribution

   1 3 * Options for skip printing of some outputs (solprint, limrow,

   1 4 * limcol), increase accuracy (optcr) and timelimit (reslim)

   1 5 *****************************************************************

   1 6 

   1 7 function cdfNormal /stolib.cdfnormal /;

   1 8 

   1 9 Option solprint = off, limrow=0, limcol=0;

   2 0 Option reslim = 5000, optcr=0.00001;

   2 1 $offsymxref

   2 2 $offlisting

   2 3 

   2 4 *****************************************************************

   2 5 * Set i for actions/efforts while sets t and l are for the

   2 6 * sampling/cdf process

   2 7 *****************************************************************

   2 8 

   2 9 Set      i action i /1*100/

   3 0          t number of discrblocks /1*100/

   3 1 Alias (i,j);

   3 2 

   3 3 Scalar r, v, w, totF; r=-3; v=1; w=1;

   3 4 

   3 5 *****************************************************************

   3 6 

   3 7 Parameters

   3 8 *****************************************************************

   3 9 * CEO-specific parameters

   4 0 *****************************************************************

   4 1 c T       "length of contracting period" /1/

   4 2 W 0       "intial CEO wealth" /4000000/

   4 3 r u t i l    "reservation utility" /-2.85/



   4 4 o m e g a    "fraction of initial wealth invested" /0.0003/

   4 5 g a m m a    "risk aversion degree" /2/

   4 6 k a p p a    "utility scaling parameter" /6850800/

   4 7 l a m b d a   "disutility scaling parameter" /0.000235/

   4 8 n s u      "unrestricted shares CEO own" /18000/

   4 9 

   5 0 *****************************************************************

   5 1 * Firm- and Market-specific parameters

   5 2 *****************************************************************

   5 3 o T       "options' maturity time" /5/

   5 4 r f       "risk-free rate" /0.0312/

   5 5 w a c c     "cost of capital" /0.06/

   5 6 m u i n     "expected return market index" /0.07/

   5 7 s i g m a    "volatility, sigma" /0.235934181/

   5 8 s i g m a i n  "volatility, market index" /0.263084684/

   5 9 r h o      "coefficient of correlation" /0.27383247/

   6 0 b e t a     "CAPM beta" /0.245572789/

   6 1 S 0       "initial stock price"  /70/

   6 2 n t o t     "number of shares outstanding" /195000000/

   6 3 M 0       "initial value of stock market index" /400/

   6 4 M T       "end-of-period value of stock market index"

   6 5 MR(t)    "samples for MT"

   6 6 

   6 7 *****************************************************************

   6 8 * Below are some more parameters which are computet later on, or

   6 9 * loaded from external data-files.

   7 0 *****************************************************************

   7 1 F(t)            "cumulative for snd"

   7 2 SR(i,t)          "samples for ST(i)"

   7 3 ST(i,t)          "discrete stock prices"

   7 4 exST(i)          "expected ST(i)"

   7 5 pwealth(i,t)     "CEO's wealth at time zero"

   7 6 a(i)             "effort for action i" /

   7 7 $include effort.inc

   7 8                  /

   7 9 mu(i)            "expected total return, dep. on effort" /

   8 0 $include return.inc

   8 1                  /

   8 2 ;

   8 3 

   8 4 *****************************************************************

   8 5 * Assignments for some already-declared parameters

   8 6 *****************************************************************



   8 7 

   8 8 loop(t,

   8 9          F(t) = cdfNormal(r+0.06,0,1)-cdfNormal(r,0,1);

   9 0 r=r+0.06;

   9 1 );

   9 2 

   9 3 loop(t,

   9 4          SR(i,t) = S0*exp((mu(i)-(sigma**2)/2)*cT

   9 5          + ((-3+0.06*w)*sigma+mu(i))*sigma*sqrt(cT));

   9 6 

   9 7          MR(t)= M0*exp((muin-(sigmain**2)/2)*cT

   9 8          + ((-3+0.06*w)*sigmain+muin)*sigmain*sqrt(cT));

   9 9 

  1 0 0          w=w+1

  1 0 1 );

  1 0 2 

  1 0 3 exST(i) = sum(t,F(t)*SR(i,t));

  1 0 4 MT = sum(t,F(t)*MR(t));

  1 0 5 

  1 0 6 loop(t, ST(i,t)= sigma*(-3+0.06*v) + exST(i);

  1 0 7         v=v+1;

  1 0 8 );

  1 0 9 

  1 1 0 pwealth(i,t) = (W0*(1-omega))*exp(rf*cT)+ nsu*ST(i,t);

  1 1 1 

  1 1 2 *****************************************************************

  1 1 3 * Black-Scholes valuation for traditional stock options

  1 1 4 *****************************************************************

  1 1 5 

  1 1 6 Parameters

  1 1 7 K                "strike price"

  1 1 8 d1(i,t)          "d1 (for computation)"

  1 1 9 dd1(i)           "d1 principal"

  1 2 0 d2(i,t)          "d2 (for computation)"

  1 2 1 dd2(i)           "d1 principal"

  1 2 2 BS(i,t)          "call option Black-Scholes value"

  1 2 3 BnS(i)           "expected BS principal"

  1 2 4 exBS(i)          "expected value BS"

  1 2 5 ;

  1 2 6 

  1 2 7 K = S0;

  1 2 8 d1(i,t) = (log(ST(i,t)/K)+(rf+0.5*sigma**2)*oT)/(sigma*sqrt(oT));

  1 2 9 d2(i,t) = d1(i,t) - sigma*sqrt(oT);



  1 3 0 dd1(i) = (log(exST(i)/K)+(rf+0.5*sigma**2)*oT)/(sigma*sqrt(oT));

  1 3 1 dd2(i) = dd1(i) - sigma*sqrt(oT);

  1 3 2 BS(i,t) = ST(i,t)*errorf(d1(i,t))- K*exp(-rf*oT)*errorf(d2(i,t));

  1 3 3 BnS(i) = exST(i)*errorf(dd1(i)) - K*exp(-rf*oT)*errorf(dd2(i));

  1 3 4 exBS(i) = sum(t,F(t)*BS(i,t));

  1 3 5 

  1 3 6 *****************************************************************

  1 3 7 * Johnson-Tian valuation for indexed stock options

  1 3 8 *****************************************************************

  1 3 9 

  1 4 0 Parameters

  1 4 1 H T               "strike price of indexed options"

  1 4 2 e t a              "parameter for return valuation"

  1 4 3 d1in(i,t)        "d1_indx"

  1 4 4 dd1in(i)         "d1_indx principal"

  1 4 5 d2in(i,t)        "d2_indx"

  1 4 6 dd2in(i)        "d2_indx principal"

  1 4 7 JT(i,t)          "Johnson-Tian value"

  1 4 8 JnT(i)           "expected JT principal"

  1 4 9 exJT(i)          "expected value JT"

  1 5 0 ;

  1 5 1 

  1 5 2 eta = (1-beta)*(rf+0.5*rho*sigmain*sigma);

  1 5 3 HT = S0*((MT/M0)**beta)*exp(eta*(oT));

  1 5 4 d1in(i,t) = (log(ST(i,t)/HT)+0.5*(sigmain**2)*(oT))

  1 5 5             /(sigmain*sqrt(oT));

  1 5 6 d2in(i,t) = d1in(i,t) - sigmain*sqrt(oT);

  1 5 7 dd1in(i) = (log(exST(i)/HT)+0.5*(sigmain**2)*(oT))

  1 5 8            /(sigmain*sqrt(oT));

  1 5 9 dd2in(i) = dd1in(i) - sigmain*sqrt(oT);

  1 6 0 JT(i,t) = ST(i,t)*errorf(d1in(i,t))-HT*errorf(d2in(i,t));

  1 6 1 JnT(i) = exST(i)*errorf(dd1in(i))-HT*errorf(dd2in(i));

  1 6 2 exJT(i) = sum(t,F(t)*JT(i,t));

  1 6 3 

  1 6 4 *****************************************************************

  1 6 5 

  1 6 6 Variables

  1 6 7 pi(i,t)          "CEO compensation"

  1 6 8 expi(i)          "expected compensation"

  1 6 9 EUtil(i)         "wealth-utility with crra"

  1 7 0 DUtil(i)         "disutility"

  1 7 1 p h i              "fixed salary"

  1 7 2 exw0(i)          "expected pre-wealth"



  1 7 3 wt(i,t)          "WT for all i and t"

  1 7 4 fcost(i)         "firm's total cost"

  1 7 5 n s r              "restricted shares"

  1 7 6 n o r              "stock options"

  1 7 7 d(i)             "binary variable for using action i"

  1 7 8 z                "total yield"

  1 7 9 p s i              "fraction of options indexed"

  1 8 0 ;

  1 8 1 

  1 8 2 Positive Variables phi,nsr,nor,pi(i,t),psi;

  1 8 3 Binary Variables d(i);

  1 8 4 

  1 8 5 

  1 8 6 Equations

  1 8 7 o b j              "objective function"

  1 8 8 exutil(i)        "CEO's positive utility function"

  1 8 9 disutil(i)       "disutility function"

  1 9 0 compens(i,t)     "CEO's compensation this period"

  1 9 1 excompen(i)      "expected compensation for action i"

  1 9 2 expwealth(i)     "expected pre-wealth for action i"

  1 9 3 

  1 9 4 twealth(i,t)     "WT for each i and t"

  1 9 5 firmcost(i)      "total cost for firm"

  1 9 6 

  1 9 7 particicon(i)    "CEO participation constraint"

  1 9 8 incentcon(j)     "incentivite compatibility constraint"

  1 9 9 o n e b i n c o n        "only one active binary constraint"

  2 0 0 t o t a l s h a r e c o n    "restrict total shares given CEO"

  2 0 1 i n d e x l v l c o n      "restrict fraction of options indexed"

  2 0 2 ;

  2 0 3 

  2 0 4 *****************************************************************

  2 0 5 * Equations below are assigment of variable expressions.

  2 0 6 * Expected wealth-utility and effort-utility

  2 0 7 * Others are just for display/print purpose

  2 0 8 *****************************************************************

  2 0 9 

  2 1 0 compens(i,t)..   pi(i,t) =e= phi*exp(rf*cT)+nsr*ST(i,t)

  2 1 1                  + nor*(psi*JT(i,t) + (1-psi)*BS(i,t));

  2 1 2 excompen(i) ..   expi(i) =e= sum(t,F(t)*pi(i,t));

  2 1 3 expwealth(i) ..  exw0(i) =e= sum(t,F(t)*pwealth(i,t));

  2 1 4 twealth(i,t) ..  wt(i,t) =e= pi(i,t) + pwealth(i,t);

  2 1 5 



  2 1 6 firmcost(i) ..   fcost(i) =e= phi*exp(rf*cT)+ nsr*exST(i)

  2 1 7                  + nor*(psi*JnT(i) + (1-psi)*BnS(i));

  2 1 8 

  2 1 9 exutil(i) ..     EUtil(i) =e= sum(t,

  2 2 0                  F(t)*(

  2 2 1                  (1/(1-gamma))*((phi*exp(rf*cT)+nsr*ST(i,t)

  2 2 2                  + nor*(psi*JT(i,t) + (1-psi)*BS(i,t))

  2 2 3                  +(W0*(1-omega))*exp(rf*cT)+ nsu*ST(i,t))

  2 2 4                  /kappa)**(1-gamma)

  2 2 5                  ));

  2 2 6 

  2 2 7 disutil(i) ..    DUtil(i) =e= lambda*a(i)**2;

  2 2 8 

  2 2 9 

  2 3 0 *****************************************************************

  2 3 1 * The objective function and the restrictions.

  2 3 2 *****************************************************************

  2 3 3 

  2 3 4 obj ..           z =e= sum(i, d(i)*(

  2 3 5                  ntot*exST(i)- (phi*exp(rf*cT)+ nsr*exST(i)

  2 3 6                  + nor*(psi*JnT(i) + (1-psi)*BnS(i))

  2 3 7                  )

  2 3 8                  ));

  2 3 9 

  2 4 0 particicon(i) .. d(i)*(EUtil(i)-DUtil(i)) =g= rutil;

  2 4 1 incentcon(j) ..  sum(i, d(i)*(EUtil(i)-DUtil(i)))

  2 4 2                  - (EUtil(j)-DUtil(j)) =g= 0;

  2 4 3 onebincon ..     sum(i,d(i)) =e= 1;

  2 4 4 totalsharecon .. nsr + nor =l= ntot;

  2 4 5 indexlvlcon ..   psi =l= 1;

  2 4 6 

  2 4 7 *****************************************************************

  2 4 8 * Define model, allocate memory, solve and display solution

  2 4 9 *****************************************************************

  2 5 0 

  2 5 1 model contract /all/;

  2 5 2 contract.workspace = 1450;

  2 5 3 Option MINLP = BONMIN;

  2 5 4 solve contract using minlp maximizing z;

  2 5 5 

  2 5 6 display expi.l, exw0.l, EUtil.l, exJT, exBS, JnT, BnS, exST, HT;

  2 5 7 display d.l, phi.l, nsr.l, nor.l, z.l, psi;

  2 5 8 
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