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Sumario

Este trabalho pretende incorporar numa perspeaividicada trés diferentes
tematicas das finangcas empresariais: a flexibiedaperacional presente em projectos
de investimento através dos denominados modelospdées reais; a existéncia de
custos de agéncia em consequéncia de estratégiisadeiamento que recorrem a
capitais proprios e a capitais alheios; a concoraéentre empresas, em mercados nao
puramente concorrenciais, analisada através datderjogos. Pretende-se com este
trabalho trazer uma perspectiva integradora desan@lie constitua uma mais valia para
a literatura e que permite trazer novos prismaslwdagem a estas questdes. Com
efeito, até ao presente, a ligacdo entre esteedits aspectos, que afectam a tomada
de decisbes empresariais em mercados concorren@aiga nado se encontra
estabelecida de uma forma unificada. Como tal,ajulgs que a ligacdo aqui
estabelecida pode contribuir para uma melhoriaamapceensdo dessa mesma tomada
de decisoes.

O trabalho desenvolvido inicia-se com uma revig@wita dos principais conceitos
e desenvolvimentos mais recentes em opc¢oes rearsg tla agéncia e teoria dos jogos.
A seguir, desenvolve-se um modelo a tempo disagretounifica essas mesmas teorias.
Tal modelo desenvolve-se a partir da analise deeMauOtt (2000) e da de Smit e
Trigeorgis (2004). Posteriormente, procede-se a smaulacdo e apresenta-se as
conclusdes da andlise realizada. Os resultadosneados demonstram que, na
simulagdo realizada a existéncia de concorréncia neencados nao puramente

competitivos produz impactos significativos na tdmde decisbes empresariais.

Palavras-chave: Opcdes Reais, Teoria da Agénciasialeos Jogos e Estrutura de

Capitais.

JEL Classification System: C70; G31; G32.



Abstract

This work intends to incorporate into a unified gpactive three different fields of
corporate finance: the managerial flexibility preisen investment projects through the
so-called real options models; the existence ohegeosts as a result of financing
strategies that rely in a mix between equity anft,déhe existence of competition
between firms, in non-purely competitive marketsptigh game theory. The aim of this
work is to produce an integrated perspective ofyarsathat constitutes a value added to
the literature, bringing new angles of approackh&se issues. Indeed, to date, the link
between these different aspects that affect maisglacisions in competitive markets
is not yet established in a unified point of vieds. such, we believe that the connection
established in the present research may contribud@ improved understanding of that
decision-making process.

The work comprises two fundamental components.t,Fasheoretical review of
concepts and latest developments in each of therelift themes which are later
combined. After such review, a discrete-time mdbet makes the connection between
these theories is developed. Such model depants fihe analysis of Mauer and Ott
(2000) and Smit and Trigeorgis (2004). Afterwards, numerical simulation is
performed and the findings from such analysis ascdbed. The results, from the
simulation performed show that the existence of metition in non-purely competitive

markets does produce a significant impact in mamaggecisions.

Keywords: Real Options, Agency Theory, Game Theony Capital Structure.

JEL Classification System: C70; G31; G32.



Resumo Executivo

A recente mudanca no ambiente econdmico globalugioduma transformacao
significativa nas condicdes que afectam as decigapresariais. De facto, a
globalizagcéo conduziu a uma maior flexibilidadegdstdo e a uma transformacgéo na
concorréncia empresarial. Adicionalmente, a crisanceira provocou uma falta de
liquidez nos mercados. Estas circunstancias derggene a uma mudanca na forma
como as oportunidades de investimento devem séadasa por empresas globais.

A flexibilidade operacional pode traduzir-se na Siodidade de expansao para
outros mercados para além dos inicialmente coreider Tal expansdo € hoje mais
facil de conseguir. Esta possibilidade é analisediteratura através das opc¢oes reais.

Em mercados globais a competicdo € asseguradangmesas globais, que séo
escassas. Portanto, a concorréncia a escala @dieéth por um nimero limitado de
empresas. Este tipo de competicdo € analisadtenatlira através da teoria dos jogos.

A falta de liquidez nos mercados financeiros tomais dificil a obtencédo de
financiamento e vem exacerbar os conflitos de éissas entre os diferentes detentores
de capital de uma empresa. Tais conflitos sdo adtsgdna literatura através de teoria da
agéncia.

A presente pesquisa pretende integrar estas teurmaa perspectiva unificada. Tal
perspectiva deve ser capaz de analisar oportursdddeinvestimento no ambiente
econdmico que as empresas globais encontram aetot@m

Mauer e Ott (2000) desenvolveram um modelo de apges com a existéncia de
conflitos de agéncia entre capital proprio e camtheio. Smit e Trigeorgis (2004)
desenvolveram um modelo de opc¢les reais com aéegiat de concorréncia entre
empresas. O modelo construido neste trabalho cengsitas duas perspectivas. E um
modelo a tempo discreto que analisa opcdoes regmseasanca de conflitos de agéncia
entre capitais proprios e alheios em concorréi@hanalise € realizada considerando a
existéncia de duas empresas no mercado que partilhea opcdo de crescimento. As
empresas sao financiadas por capitais propriosheioal e o exercicio da opg¢do €
financiado por uma emissdo de capital préprio aedmi Sob esta configuracéo,
equilibrios de mercado alternativos sé@o considesadomeadamente, Cournot-Nash e

Stackelberg. Duas politicas alternativas séo dkfmi uma politica Optima, que



maximiza o valor da empresa, e uma politica secimddue maximiza o valor dos
capitais préprios da empresa.

Os resultados obtidos com a simulacdo numéricazaelal demonstram que o0s
custos de agéncia existem na presenca de condarrérlevam a uma situacdo de
menor investimento por parte das empresas. Talreabevido a transferéncia de
riqueza dos capitais proprios para os alheios. #peka de capital necessaria para
exercer a opgao de crescimento, sendo apenasifidaror capitais proprios, beneficia
ambos os capitais iniciais, nomeadamente os camlheios. Com esta situacao de
reducao de investimento, o valor da empresa éaafecO valor obtido para a empresa
pela politica secundaria € menor do que o valddolara a empresa com a execugao
da politica Optima. Essa diferenca no valor da esgré o custo de agéncia do

financiamento em capitais alheios.
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Executive Summary

The recent change in the global economic environnpeaduced a significant
transformation in the conditions that affect mameg@lecisions. In fact, the increase in
globalization led to higher managerial flexibiliand a transformation in competition.
Additionally, the financial crisis caused a lackligfuidity in financial markets. These
circumstances originated a shift in the way investhropportunities should be analysed
in global industries.

Managerial flexibility can translate itself intogansion to other markets besides the
initial ones. Such expansion is today easier toiexehthan it was before. This
possibility is analysed in the existing literattineough real options analysis.

In global markets competition is assured by gldvais. However, the number of
these firms is scarce. Therefore, global competiteo made by a limited number of
firms. This type of competition is analysed in teeisting literature through game
theory.

The lack of liquidity in financial markets makesdncing harder to obtain and
exacerbates the conflicts of interests betweerdiffierent stakeholders of a firm. Such
conflicts are studied in the existing literatureotigh agency theory.

Departing from these theories, the present reseatelgrates them in a unified
perspective. Such perspective should be capabdamal/sing investment opportunities
in the present economic environment global firntefa

Mauer and Ott (2000) developed a real options amalynder agency conflicts
between equity and debt. Smit and Trigeorgis (2@@4eloped a real options analysis
under competition. The framework constructed combitnese models. A discrete-time
real options analysis under agency conflicts betwmesgiity and debt in the presence of
competition is developed. The setting under whisthsanalysis is performed considers
two firms in a market that share a growth optiorexpand its scale of operations for a
fixed investment outlay. The firms are financeddoyh equity and debt and the exercise
of the expansion option is financed by an additicetuity issue. Under this setting,
alternative market equilibriums are considered, elsggyrCournot-Nash and Stackelberg.
Two alternative managerial policies are definedirgt best policy, which maximizes
the value of the firm; and a second best policyiclvimaximizes the value of the equity

of the firm.
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The results obtained with the numerical simulatmerformed demonstrate that
agency costs exist in the presence of competitioh leaad to an underinvestment
situation. The underinvestment occurs becauseeoivialth transfer effect from equity
to debt. The additional capital expenditure neagssa exercise the growth option,
being solely equity financed, benefits the existst@keholders, namely debt. With this
underinvestment situation, firm value is affect&tle value for the firm given by the
second best policy is lower than that obtained withexecution of the first best policy.

This difference in firm value is the agency costlebt financing.

viii



Index

1. INTRODUCTION ...cooiiiiiiiiiie e ettt et e ettt e e e e s anntaeeeeeesannnsseeeannssneeeeeeaans 1

2. RESEARCH BACKGROUND ....coitiiiiiiiiiceeeii et eaan s e e s eeanas 7
2.1. Real options analysis (ROA) ... 7
2.2. Interactions between investment and finandBgSIONS...........ccceeeeiiieeeeeeeeeeeee, 9

2.3. Interactions between investment and finandigsions under real options

ANAIYSIS Lo r———— et e a e e e e e e aaaes 13
2.4. Game theoretic approach to COMPEtItioON. e .vvveeeeereeeeeeeeiiieeieeiiiiiiiii 17
2.5. Competition under real options analysis...........ccccevvvvvveriiiiiiiiiiiee e, 18
2.6 FINAI NOTES ...ttt e e e e s e e s 19
3. INVESTMENT DECISIONS ... ..ottt e et e e e eeea e e enanans 21
3.1 Economic Relevance of Investment t0 FIrMS e, 21
3.2 Traditional Capital BUAQETING ........... e e eeeeeeeeeeeiiiiine e 22
3.2.1 Theoretical FOUNTALIONS ...........uuteemmmmmeeeeeiieeeeee e e e eees 22
3.2.2 Capital Budgeting TeChNIQUES .......cocemmmeiiiieeeeeeeeeeeeeeee e 26
3.2.2.1 Net Present Value (NPV) .......... e eeeeeeininaaaneeeeeeeeeeaeeeeeeennnes 26
3.2.2.2 Internal Rate of Return (IRR) .......cooviiiiiiiiiiiiiiie e 27
3.2.2.3 Comparison between NPV and IRR ... .o eeeeeeeeeieeiiiiiiiiiiiniiennenen. 28
3.2.2.4 Limitations of Traditional Capital BudgeagiMethodologies ............... 29
3.3 Real Options ANalysis (ROA) ... 31
3.3.1 Option pricing Framework ............o oo 31
3.3.2 Definition and Characteristics of Real Op$ion...........ccccovvvvviviiviiiinneeeenn. 33
3.3.3 Valuation of Real OpPtioNS .........ccoiceii i 34
3.3.4 Types Of real OPLIONS ......covviiiiiiieeeme e e e e 36
3.3.4.1 Option to defer (delay) .......oooeee e 36
3.3.4.2 Option to expand OF CONIACE .......ceeeeererrrrriiiiiiieee e e e e e e e eeeeeeeeeenenns 37
3.3.4.3 Option to abandon Or t0 SWILCN USE weeeevvvviiiiiiiiiiieieeeeeeeeeeeeeeeiians 38
3.3.5 Differences between Real Options AnalysisAlR@nd Traditional Capital
=T8T [0 T3 1] o ST 38
3.4 Final considerations on investment deCiSiONS...........cccuvviiiiiiiiieiiiieeeeeeeen, 39
4. AGENCY CONFLICTS BETWEEN EQUITYHOLDERS AND DEBTBLDERS
UNDER REAL OPTIONS ANALYSIS ...t Q4



R = g o o= | B 11 (=T = ([ 40

4.2 TheoretiCal lIHerature. ........oooo oo 41
4.2.1. Option to invest under full fleXiDility ce.......ooovviiiiiiiees 42
4.2.2. Options to invest with discrete flexibility...........cccccoevveiiiiiiiinns 47

4.3 Final aspects concerning agency CONflICtSummmmn.vveeieeveiiiiiiiiiiccee e, 51

5. COMPETITION UNDER REAL OPTIONS ANALYSIS ...ovmeeiiiiieeeiiiieeeiiineeeas 52

5.1 GamE tNEOIY ... 52
5.1.1 Theoretical foundations of game theory...........cccceevvieeiieieiiiiiiceeis 52
5.1.2 Game CharacCterization .............ooocciiuiiiiiiiiiieieeeee e 54

5.1.2.1 Cooperation between players ..o 55
5.1.2.2 InfOrmation Set........ccoooiiiiiiii e 55
N G @ o [T a0 1] - |V 56
ST R @ 11 1 o 11 | AP TPPPT 57
5.1.2.5 RePreSEeNtatioN .......uuuueuuiiiiiieeeeeee ettt aeeeenees 57
5.1.3 GaAME PArAMELEIS .....uuiiiiieeeiii s mnm e e e ee e e e e e et e e e e e eebaa e e eaaeeneeenes 57
5.1.4 EQUIlibrium Of the game ............vvimmmmmm e ee e e 59
5.1.5 Applications (EXamPIeS) .....ccoeeiiii oo 60

5.2 Real OPLIONS QAMES ... .ottt e e e 66
5.2.1 General apPrOaChES..........coeviiiiiceeeeeeetetiiiaa e e e e e e e e e e e eeeeeeeeeebesennnneeees 66
5.2.2 DiSCrete time QAmES .......cciiiiii e eeeeeeeiiiieise e e s e e e e e e e e e e e eeeeeeeseenessnnnnnnenes 73

5.3 Final thoughts on real 0ptioNS games ..aceevvvvvieiiiiieiieee e 75

6. RESEARCH QUESTIONS AND METHODOLOGY .....coiceemmeeeiiiieeeeieeeeiieeeeen, 77

6.1 RESEArCh QUESHIONS ......ccoiiiiiiiiiitmmmmmme ettt e e e e e e ee e e e e e e e 77

(S0 =1 0 To To (o] (oo Y2 P 78
6.2.1 Discrete-time Growth Option Valuation .c...ccooovvvveiiiiiiiiiiiiiie e 79
6.2.2 Smit and Trigeorgis Real Options Games Valoat..................cccoevvvnnnnnnn. 82

6.2.2.1 MONOPOIY .ot 82
222 ® 11 o] o To | V20 PSP 84
6.2.3 Mauer and Ott agency-real-options MOl .cceeeeeeevviiiiiiiiiiiiieeee e 88
6.3 Final remarks on methodolOgy ...........ceummmeeeeeeeiieeiiiiiiiirir e eee e e 92
7. IMPLEMENTATION AND RESULTS OBTAINED ......cctcemiieiiiiiiiiieeeeieeeeis 93

7.1 Discrete-time agency real options game valoatiodel.................ccoooeeeeei. 94

7.2 Implementation and reSUILS..........oo oo 108
7.2.1. PArameters ......oouiiieieei e e 108



7.2.2. Cournot-Nash equilibrium

................................................................ 109
7.2.3. Stackelberg equiliDrium..........oouieeeeeii e, 111
7.2.4. General equiliDriumM ........oooiiiiiit e 113

7.3. Final thoughts on results obtained..........c..oovvveiiiiiiiiiiiie e, 116

8. CONCLUSIONS ..ottt et e e e e e e e e eneneeeeeeans 117

Xi



Index of Tables

3.1 Deferral Option Inputs

3.2 Growth Option Inputs

3.3 Contraction Option Inputs

3.4 Abandonment Option Inputs

5.1 The Prisoner’s Dilemma

7.1 Model parameters

7.2 Base case results under Cournot-Nash equitibriu
7.3 First best policy results under Cournot-Naghilgajium
7.4 Second best policy results under Cournot-Ngsililerium
7.5 Base case results under Stackelberg equilibrium
7.6 First best policy results under Stackelbergldgiwm
7.7 Second best policy results under Stackelbeungiegum
7.8 First best policy results under general equiliib

7.9 Second best policy results under general dguimn

7.10 Mixed policies results under general equilibri

Xii

36
37
38
38
61
108
109
109
110
111
111
110
114
114
115



Index of Figures

6.1 Evolution of firm value through time
7.1 Evolution of demand parameter through time

Xiii

79

95



List of Abbreviations

CAPM:

DTA:
FCF
GBM:
IRR:
MVI:
NPV:
R&D:
ROA:

WACC:

Capital Asset Pricing Model
Decision Tree Analysis

Free Cash-Flow

Geometric Brownian Motion
Internal Rate of Return

Marginal Volatility of Investment
Net Present Value

Research and Development

Real Options Analysis

Weighted Average Cost of Capital

Xiv



1. INTRODUCTION

The economic environment in which firms operateniconstant transformation.
The growing globalization of the market economyeeff§ managerial decisions and
changes the paradigms under which such decisienbaged on. In fact, globalization
makes competition ever greater in a wide varietye@dnomic sectors because of the
easier access to other markets beside the intenesl It also tends to make investment
opportunities more flexible due to a broader aplility of technology to other
purposes besides the original ones.

Today, in many economic industries the focus of getition is set at a global scale.
Globalization of the market economy makes competitransferable to a world level.
However, the possibility to compete at a globalleséa only accessible to a limited
number of firms. Therefore, such general increasecompetition also causes a
difference in the type of competition global firinave to face. In fact, such competition
is being performed by a limited number of firmsdach particular industry. We are
witnessing an increase in competition by globahfirthat compete among themselves
in different markets and in different products. tms setting, models that take into
account the impact of one firm’s decisions in thieeo firm’s behaviour are the ones
that better adjust to this economic environmenteréfore, game theoretic models of
competition gain a renewed relevance.

At present, managerial flexibility is getting moaed more present in investment
opportunities. In fact, an investment opportundyected to a particular market, can
more easily be replicated and developed to a broade. In addition, technological
breakthroughs can more easily be transferred teratidustries. With globalization,
access to external markets and the expansion ahitiied concept to other realities is
more easily performed. These two combined aspeat$ o an increase in operational
flexibility and highlight its present relevance. WM&s that incorporate such managerial
flexibility are models that are best suited for dg@ economical environment.
Therefore, real options models gain a renewed aele.

Additionally, at present times we are facing tregwrs constraints in financial
markets. The recent financial crisis affected imssdy the way in which financial

markets operate and their capability to provide rieeessary funding to firms. This



increased difficulty results mainly from a lack lajuidity in these markets. Among
others, three consequences from this situationwaygh being mentioned for the
purpose of the present research. Firstly, the @manof investments is now a harder
task than it was before. Secondly, the problemwdset the different stakeholders of
the firm tend to be worse than before. Thirdlyisitmuch more difficult for firms to

rollover their initial debt issues. Models that ¢aknto account these different, yet
complementary, aspects reflect better the actuahauoic environment. However, we
shall concentrate the analysis in the problems tnége between the different
stakeholders of the firm. Therefore, agency théorabdels gain a renewed relevance.

Despite the fact that the above mentioned effects reot all reflected in all
industries, they are widespread in different magtas to different industries. However,
for some particular industries they are all presenfact, global firms which operate in
markets where entry barriers do exist face allabeve mentioned effects. They face a
fearsome competition but only from a limited numbeérivals. They generally possess
high operational flexibility since they can eagisoceed to other markets, hence they
are global. They also possess technology that asityéde adopted by other industries,
thus enlarging such operational flexibility. Andndily, they also face financial
constraints because of the lack of liquidity préganfinancial markets, which causes
agency conflicts between their stakeholders.

As a consequence of all these combined effectsefl@ction about the new
conditions that affect managerial decisions is sgag/, namely, decisions concerning
investment opportunities. With this new economieiEmment investment decisions
are particularly affected. Higher economic uncettaincreases the risk associated with
expected future cash-flows. Lack of liquidity imdincial markets increases the cost of
equity and debt financing.

The present dissertation aims to implement a mdkal integrates these new
problems into a unified perspective. The focushef present research is the analysis of
the impact of the financing structure in investmdatisions that present managerial
flexibility in a competitive market. However, suchodel must depart from previous
work developed in the different fields of reseathht are being integrated. It departs
from Smit and Trigeorgis (2004) and Mauer and @@10Q).



It is well documented (Smit and Trigeorgis, 200dhiat market structures portray an
influence on the firm’s investment decisions. Iatatic approach to competition, it was
shown that different market equilibriums, namelyu@wt-Nash and Stackelberg, result
in differences in the investment decisions of firraed therefore, in firm value. In a
duopoly setting, with both firms sharing a growttlption and possessing an
abandonment option, alternative competitive resperese analyzed. Departing from
the monopolistic market structure as benchmarkatiaysis derives the expressions for
firm value under Cournot-Nash and Stackelberg éxgjiuims. Therefore, it is examined
how such equilibrium competitive responses infleenvestment decisions and firm
value through the differences in firm value compate the monopolistic market
structure.

It is also accepted that the exercise of growthooptcan, under certain financial
structures, lead to an underinvestment problem taltiee existence of agency conflicts
between equityholders and debtholders of the fivkauer and Ott, 2000 and Childs et
al. 2005). In a typical underinvestment situatiequityholders decide to invest |&tém
a project (with similar risk characteristics to tlaisting portfolio of investment
projects) when compared to the optimal investmening because the increase in the
asset base will increase the value of the debthsglddaims at the expense of
equityholders. Rather than investing when it isropt for the firm, equityholders tend
to wait until the market evolves favourably anddat/at a higher price of the underlying
asset / project when the increase in value of dihoblders’ claims is not accomplished
at the expense of equityholders. Since the deb¢h®liclaim is fixed, they cannot expect
to gain more than seeing their claim become riskldhis can occur either by a
reduction on the volatility of the underlying assetby an increase of the asset basis of
the firm. If the increase is due to an additiomseistment performed by equityholders,
the debtholders will benefit from it without havimgcurred in any additional cost. On
the equityholders perspective, whatever returnr thdditional investment yields, it is

! The important reference to be made concerningptiesent dissertation is the one-stage scenario,
although a two-stage investment project was alssidered. Under this alternative setting, it wasvah
that, no matter whether competition exists forfihst-stage or second-stage investment, when adam
obtain proprietary growth options or pre-empt cotitipe entry in the second-stage, the firm has grea
economic incentive to invest early in the firstggaven when investment returns are uncertain.

2 This perspective represents the common real optjmerspective on the underinvestment problem.
Traditionally underinvestment was seen as invedi&sg than would be optimal in order to avoid the
wealth transfer effects from equityholders to delitbrs (Myers 1977). It is also possible to intetpr
underinvestment as delaying investment. HowevemMager and Ott (2000) and Childs et al. (2005)
refer, waiting for higher prices decreases the ghdlty of the investment taking place, therefazading

to underinvestment.



going to be shared with the debtholders. They sambiathe costs and have to share the
benefits. If equityholders wait to invest at a haghvalue of the underlying asset
(project’s present value), debtholders will haveadly benefited from this increase and
whatever return equityholders get from the investingecision, it will no longer be
shared with debtholders. This explains why, inghesence of pure expansion options,
equityholders have an incentive to underinvest.

Departing from these theories, the present reseatdresses how different financial
structures, for firms with shared growth optionan dnfluence the firm’s investment
decisions in a context where competition is presénis in accordance with the
guestions faced by firms under the new economicr@mment. The research addresses
real options as a consequence of the operatiosebility we intend to incorporate. It
also addresses a game theoretic approach to coimpedis a consequence of the
analysis of competition by a reduced number of dirrRinally, it addresses agency
conflicts as a result of the financial constraitascredit in the markets. It shall be
studied if, under these conditions, capital budgetiecisions are affected. Namely, in a
competitive market, with managerial flexibility gent in the investment opportunities
firms face, and with conflicts of interest betweba different stakeholders of the firms,
which are the managerial decisions that maximizen fvalue and which are the
managerial decisions that firms actually take. €f@e, the work developed intends to
incorporate the financial effect that can lead e txistence of underinvestment
situations, through the appearance of agency ctsiflin the game theoretic approach
that incorporates the effect of competition in ngaTaent’s flexibility.

The framework implemented consists on a two firndeton a context where both
firms possess a shared growth option to expand @wile of operations and an
abandonment option. The existence of these opi®rieeated under a discrete-time
approach. This methodology is not the most widebeduin the literature, but it
possesses the advantage of being more easilyldteatad more suitable for a practical
implementation Being the growth option shared by both firms, petition is therefore
present. We intend to model it with the use of angatheoretic approach. The
alternatives used to analyse the impact of competdre in accordance with Smit and
Trigeorgis (2004). Therefore, Cournot-Nash and &#xerg equilibrium will be

® This advantage is generally recognized in thetiexjditerature, namely in Chevalier-Roignant et al
(2011).



analysedl Additionally, the model developed integrates ayemonflicts between
stockholders and bondholders. The two firms comsi@are financed with both equity
and debt. However, the financing of the growth aptis made through an additional
equity issue. This additional equity issue causegath transfer from equityholders to
bondholders, which is in accordance with Mauer @it (2000). The purpose is to
analyse if this effect still holds in the preserafecompetition under a discrete-time
model.

The wealth transfer effect is expected to delayekercise of the growth option.
The question to be answered in the present reséartisuch wealth transfer effect in
the presence of competition still results in anarmyestment situation. Therefore, with
this methodology, a unified perspective of thes#edint factors is performed. It is
therefore the opportunity to understand which deos should be taken by firms that
operate under such reality. We will analyse theultesobtained from the model
constructed with a numerical simulation.

In order to achieve such goal, the dissertationtsstaith a review of the most
relevant theoretical concepts developed. The faligwehapters, chapter two to chapter
five, describe the main aspects developed in tHerdnt bodies of literature that are
being integrated. Chapter two presents a generapgetive on the problem. Chapter
three characterises real options analysis and ibesahe appearance and most relevant
developments under such perspective. Afterwardschiapter four, we perform an
analysis of the conflicts of interest between thigekent stakeholders of the firm.
Subsequently, the merging of these two differepragches is presented and described.
In chapter five, we perform a characterization amg theory and present the most
relevant developments of such theory. We end thigi approach with an analysis of
the integration of game theory with real optionalgsis, describing real options games.

The remaining chapters of the dissertation presemtresearch questions to be
answered and the methodology from which we depdatethe research, in chapter six,
the description and implementation of the modelhwat description of the results
obtained under a numerical simulation, in chapéees, and, finally, the conclusions of

the work follows, in chapter eight.

* The monopoly equilibrium will also be referred buresults from the lack of competition, and it is
therefore less relevant for the analysis.



Having specified the basic pillars under which phesent research is laid, its main
objectives and the structure that will be adopiéds now time to proceed with a

general analysis of the problem according to theveat literature in the field.



2. RESEARCH BACKGROUND

The introduction described the aim of the presese¢arch and sketched the problem
to be answered. The theoretical review of the ditee will be performed in the
following chapters.

In this chapter, we present a general descripticheofundamental building blocks
of the different bodies of literature used in thhegent study. It intends to perform an
introduction to the different subjects of analystsstarts with the presentation of real
options analysis (ROA), followed by a descriptidritee conditions that link investment
and financing decisions. The chapter ends withsgrifggion of game theory and of real

options games.

2.1. Real options analysis (ROA)

The central paradigm for decision-making concernimgstment projects has been
the net present value (NPV) approadHowever, this approach neglects flexibility, or
the capacity of a firm's management to choose anubfifigrent future opportunities
associated with the project.

Recognition of such managerial flexibility in ingsgnt opportunities originated the
appearance of real options. In fact, the investrogpbrtunity itself could be regarded
as an option. It is a call option on the cash flogenerated by the investment
expenditure necessary (the exercise price) todriggch cash flows. This was initially
recognized by Myers (1977), and later reinforced Kister (1984). Shortly after,
Trigeorgis (1988) summarized such findings comgilihe necessary adaptations in the
inputs needed to value financial options to thesareeded to value real options.

Consideration of investment projects as real ogtiallowed recognition of other
options embedded in investment opportunities. Tpt@os to defer, expand, abandon,
switch use or other managerial possibilities wedded to the list. However, we will
focus our attention on the options to defer (aasadiflexibility principle), to expand the

scale of operations (growth option), and to abanujmgrations (as a limiting downside

® The relevance of the NPV criterion in current istveent decision making will be referred in the next
chapter.



situation). The recognition of these types of fiidiy is as old as the recognition of real
options itself. Myers (1977) made the first refeemo the possibility management has
to expand the scale of operations at a later pbagegoject development. Kensinger
(1987) considered that, among other options, expansf operations could be
equivalent to a financial call option, and therefdrcould be valued as one. When this
recognition occurred, McDonald and Siegel (1986) l&ready deducted the option
value of waiting to invest. Later, the abandonnm@ption was identified and valued by
Kemna (1988) and Myers and Majd (1990).

Such consideration of investment projects and thdiasequent valuation as options
enabled the partition of their value in three mgiioups. Firstly, its in-the-money value,
which is nothing else than the value of the projédamnplemented immediately. This
component of value is the NPV of the project, itdue without consideration of any
option associated with it. Secondly, one has to thedfundamental option present in
such investments, the option to defer the investmelated to the opportunity cost
associated with immediate implementation. Finalbgnsideration of operational
flexibility in management’s decisions leads uslte tonsideration of other options that
might be present in the investment opportunity thatfirm faces.

The existence of such elements of value leads mementation of ROA only
whenever three different conditions are met. Thst fconcerns the existence of
uncertainty in the future. The second relates t itheversibility of the investment
decision, either totally or partially. The last dition considers the ability to delay the
exercise of the option by the firm that holds it.

The joint existence of these three conditions ésdaiuse of value for the investment
project. It also implies that the use of ROA temalglelay investment when compared
with traditional discounted cash flow analysis.

This last conclusion had already been formulatedKegter (1984). When he
recognized investment projects as options he afinatl the elements that make option
value. Such elements are associated with the Optiexercise time, the risk of the
investment project, the level of risk-free intereates and the existence (or not) of
proprietary rights regarding the option’s exerci$berefore, he acknowledged that
considering investment opportunities as options negd to the deferral of the
investment decisions. This recognition was alseontdated by Trigeorgis (1988) and
valued by McDonald and Siegel (1986). The optimalestment timing must be

compared to that of a dividend distributing caltiop. This view was defined by Smit



and Ankum (1993), and later by Dixit and PindyckO94). These initial works
established a new setting for the analysis of itmeat opportunities.

2.2. Interactions between investment and finandegjsions

Independence between investment and financing idasisan be traced back to
Fisher's theorem of separation (Fisher, 1930). iféeds, Williams (1938) contains the
first exposition on the irrelevance of capital sture to firm value, without providing,
however, a formal proof for the theorem of separatbetween investment and
financing decisions.

Despite such contributions, the relationship betwégvestment and financing
decisions was still commonly reduced to the deteatnon of the rate of return on
investments discounted by a risk premium that wampared to the market rate of
return. This rate represented a hurdle rate in dbeision to accept or reject an
investment opportunity. There was no theoreticgipsut for the size of the risk
premium and for the source and type of financing.

The celebrated paper from Modigliani and Miller %89 proved the indifference
between financing alternatives and the irrelevasfcnancing decisions to the market
value of the firm. Consequently, it also demonsttathat the firm’s investment
decisions are independent of their financing pollayfact, given the firm’s investment
policy and ignoring taxes and contracting costs, firm’s choice of financing policy
does not affect the current market value of the fiDespite the huge breakthrough in
financial theory that such recognition enabledefit unanswered the observed practice
of corporate financing policies.

They assumed the inexistence of market imperfestighe riskiness of debt,
symmetry of information and the inexistence of axyenosts. Despite the restrictive
nature of these assumptions, the results obtaiikchald even if we relax most of
them. However, if we consider that the financindigyoof the firm plays a role in its
market value, we must also realize that some d&etlassumptions do not hold, causing
an impact in firm value.

The first assumption to be relaxed concerned tegistence of taxes. Modigliani
and Miller (1963) included corporate taxes in thalgsis arriving to an all debt optimal
capital structure due to the tax benefit of dekdtek, Miller (1977), Brennan and



Schwartz (1978) and de Angelo and Masulis (198Qeldped this line of research
analyzing the impact of personal as well as coteaiaxes on market value.

A second field of research concerned the existeicbankruptcy costs. Baxter
(1967) was the first to refer this possibility byesifying indirect bankruptcy costs as
specific contracting costs which arise becausefithes investment policy and other
resource allocation decisions are not fixed. LatBtiglitz (1972), Kraus and
Litzenberger (1973), Warner (1977) and Kim (1978)tHer developed this line of
research, introducing direct bankruptcy costs agdiag that these costs can be a cause
for the existence of an optimal capital structure.

These research developments showed that in thermeof taxation and potential
bankruptcy costs the indifference proposition fage that the firm must choose an
optimal financing method. However, the independemagosition still holds, so that
the choice of financing method is independent efittvestment decision. Therefore, if
a relationship between investment and financingst@ts is to be determined, other
aspects must be considered.

The seminal work developed by Alchian and Demsi®72) developed a new field
of research related to the study of conflictingerests between different parties. They
developed the concept of agency theory as the sthidg agency relationship, in which
one party (the principal) delegates in another @bent), a certain task. The theory
developed is concerned with the solution of twobpgms that can occur under such
relationship. The first is the agency problem thates when the interests of the
principal and the agent conflict, being difficult tho expensive for the principal to
verify the agent’'s work. The second is the riskrstgaproblem that arises when the
principal and agent have different attitudes towarsk.

Later, in another seminal paper, Jensen and Magklii76) applied the concept to
the finance field, using the agency framework talgse the effects of conflicts of
interests among stockholders, managers and borefisoldn the investment and
financing decisions of the firm. They argued the tapital structure problem involves
the determination of the entire set of contract®mgnthe different stakeholders of the
firm, bearing in mind the existence of such comdlic

This way, agency conflicts can arise not only betwequity and bondholders (with
equity as agent of debt), but also between manag®isequityholders (managers as

agents of equityholders).
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The later sets of problems have been studied bsedefi986). They are commonly
referred to as the agency problem of manageriarelion or as the agency problem of
free cash flow (FCF). Equityholders want profitélijl even at the expense of higher
risks’, while managers want growth and securifshe problems arise because growth is
generally obtained sacrificing profitability (exm&e mergers and acquisitions) while
security requires the diversification of the firmgortfolio of businesses. The
disciplinary role of debt has been shown to provate efficient mechanism for
controlling these conflicts and the market has bs&ewn to perceive it (Jensen, 1985,
1986, Jensen and Smith, 1985 and Smith, 1986).

The first set of problems were initially developeyg Myers (1977) and Galai and
Masulis (1976), who argued that, in the presenceéedft financing, if a conflict of
interests between debtholders and stockholdersgasiethe stockholders’ decision will
not necessarily be the one that debtholders wouddep It was also argued that
bondholders are aware of this, and will efficierilyce debt so as to compensate them
for any foreseeable loss of value to shareholdiérsvas shown that under these
assumptions, the value-maximizing decision for shalders will take both the project
potential and the financing method into accouneylbhow that the investment trigger
prices, or the demand levels, at which the firm Mouavest, differ from those that
would be used if the shareholders’ goal is to mas@nvalue the value of the firm in
total, not just the shareholders’ wealth. If thppkes, firms may invest more/less and
sooner/later than would be socially optimal.

This recognition led to the consideration of agenogts as the difference in firm
value that result from the establishment by the fof a second best policy instead of a
first best policy. A second best policy is a polibpt maximizes the value of the equity
of the firm, while a first best policy is a politiyat maximizes the value of the firm.

For investment decisions, these differences invahwesting more or less than it
would be optimal for the total value of the firnt,investing at different prices from the

optimum. The investment biases can be classifieduraderinvestment problems,

® Ceteris paribus, higher risk raises the valuehefrtclaims. If we think of shares as call opti@msthe
assets of the firm, higher risks raise the expectdae of the equity claims.

" Donaldson (1984) defines the objective function rofinagers as pursuing “corporate wealth”
maximization. Corporate wealth represents the aggeepurchasing power available to management for
strategic purposes comprehending cash, credito#tmet corporate purchasing power. The existence of
internal funding also releases managers from thekehacrutiny and monitoring whenever funds are
needed for financing investments.
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initially formulated by Myers (1977) and overinvesnt problems, initially presented
by Jensen and Meckling (1976) and Galai and Ma§idig6).

In a typical underinvestment situation, as defibgdMyers (1977), equityholders
invest later than it would be optimal under a firralue maximizing policy. This
happens because the increase in the asset baseesbls from the equity financed
investment also reverts to the value of the deld#rsl claims. Therefore, equityholders
prefer to wait until the market evolves favourabhd invest only when no increase in
the debtholders’ claims can be accomplished at tven expense. If the increase is due
to an additional investment performed by equitykddd the debtholders will benefit
from it without having incurred in any additionalst. On the equityholders perspective,
the returns from their additional investment arédoshared with the debtholders. They
support all the costs and have to share the bené#fiequityholders wait to invest only
after debtholders have already benefited from tteeket favourable evolution, the
returns from their additional investment will noniger be shared with debtholders. This
explains why equityholders have an incentive toewimyest.

A typical overinvestment situation reflects theastment on a different risk class.
In this case, equityholders chose to invest eaf¢ra lower present value of the
investment projed} in a riskier project (usually correlated with therrent portfolio of
projects in order to reduce diversification eff¢ctlus increasing the overall risk of the
firm. This increased risk diminishes the value led tdebtholders claims. This situation
can even lead to a substitution of the existingetasfor other, riskier, ones. This is
generally designated as the asset substitutiorigarollhe logic underlying the wealth
transfer is similar to the overinvestment situagitnut the wealth transfer effects are in
this case much more severe.

The relationship between investment and financiagisions is now established.
The conditions under which it can occur and theeaff that debt might have in
corporate investment decisions are specified. itstage, we must consider such effect

in corporate investment decisions whenever manadéxkibility is present.

8 Similarly to the underinvestment situation, thisscription also assumes the real options persgectiv
traditionally overinvestment was seen as investimtge than would be optimal in an investment prgject
or in some cases even investing in projects witlatiee NPV.
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2.3. Interactions between investment and finanaegisions under real

options analysis

Literature on real options uses contingent-claiethniques to value and determine
optimal exercise policies for the firm’'s capital dgeting options. However, this
literature typically assumed all-equity financingdaonly recently began dealing with
the impact that mixed financing structures mightéhm the analysis undertaken. Some
earlier exceptions are Brennan and Schwartz (18&t)consider firm valuation in a
setting in which bond covenants restrict finangialicy and influence investment
policy, Mello and Parsons (1992) that compare fherating decisions of a mine under
all-equity financing to those when the mine is élst debt financed and maximizes
levered equity value, Trigeorgis (1993) which ithased interactions between financing
and operating real options, and finally Mauer andarfis (1994) that analyzed
interactions between investment and financing dmtssin a setting in which debt
covenants constrain the firm’s choice of policiesrtaximize firm value.

They analysed the interactions between a firm’sadyic investment decisions
(option to invest), operating decisions (optiorater the scale of operations, open and
shut down operations) and financing decisions (fjues of debt and/or equity). They
further assumed several market imperfections. Heweit was also assumed that
managers chose the policies based on firm valuemmeation, thereby avoiding agency
conflicts between debtholders and equityholderse Ruthis fact, only firm value was
modelled and there was no explicit valuation ohe&itequity or debt. Debt financing
was found to have a negligible impact on the firmm\gestment and operating policies.
The incentive to invest earlier (due to the motvaif earning interest tax shields) that
leveraged firms have, was offset by the loss ofi&ain the option of waiting to invest.
The net benefit, although present in some cases,netlarge enough to significantly
affect the investment policy. They concluded tihat éxistence of debt financing had no
impact in the determination of investment timing.

In practice, these conclusions allow managers tkentheir investment decisions
independently of their decisions on capital streestewhenever agency conflicts are not
considered. Another significant conclusion of Maaad Triantis (1994) concerns the
fact that increased investment flexibility incremgbe value of the firm, allowing a

greater debt capacity and, consequently, higher stairlds. Although Mauer and
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Triantis (1994) relaxed several of the assumpti@pisk free debt, transaction costs,
bankruptcy costs), they continued to predict négleginteractions between financing
and investment decisions.

In this sense, any possibility for interactionsvimn financing and investment
decisions may require the relaxation of one of dbeer assumptions that Mauer and
Triantis (1994) did not relax, namely, the ‘no agewronflicts’ assumptioh Therefore,
inclusion of agency conflicts in ROA followed.

Mauer and Ott (2000) argued that levered equitydrsicdbf a firm with assets in
place and a growth option to expand the scale efaijpns have an underinvestment
incentive. This perspective represents the comneah options perspective on the
underinvestment problem. Traditionally, underinuestit was seen as investing less
than it would be optimal in order to avoid the wkdtansfer effects from equityholders
to debtholders (Myers 1977). However, it is alsegilole to interpret underinvestment
as delaying investment rather than underinvestiteuer and Ott (2000) and Childs et
al. (2005) point out that this delay in investmdat expectation of higher prices
decreases the probability of the investment takssep

Mauer and Sarkar (2005) argued that equityholdave lan incentive to overinvest
in order to appropriate the benefits that deriwarfinterest tax shields. Similarly to the
underinvestment situation, this description alssuases the real options perspective.
Traditionally, overinvestment was seen as investimage than it would be optimal in an
investment project, or in some cases even investipgojects with negative NPV.

The theoretical arguments that support the relevasicthe interactions between
financing and investment decisions under ROA atel.sblowever, it is possible that
managers do follow first best investment policikkss also possible that debtholders
assume equityholders will not follow opportunistiehaviours. One must consider if
there is any evidence that consubstantiate therdtieal findings or if real practice
diverts strongly from these theoretical developmerEmpirical work in this area,
covering the full scope of flexibility, is scarcReal flexibility is not easy to capture
empirically and the proxies some authors use asgstto debat®.

However, a type of real flexibility that has alrgaaeen subject to several empirical
tests in its relation to financial structure is gp@wth option. It has been specifically

® The authors included in the debt contract a covettat forced equityholders to follow a firm value
maximization policy.

1% possibly the most common proxy used for definingg that present this type of flexibility is a hig
market-to-book ratio.
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tested the relationship between growth optionsthadevel of leverage in the firm. The
debate on the effect that growth options have endhierage of the firm is extensively
documented in the corporate finance literature eugce the seminal work of Myers
(1977). The incentive of equity to underinvest wisraring the benefits of investing
with debt led the author to suggest the low colidtealue of the growth options. Jensen
(1986) extended the theory on agency problems té prGblems and argued that assets
in place presented a high collateral value. Aceaydio both arguments, the debt
capacity of real flexibility is expected to be lawtban the debt capacity of the assets in
place.

It is possible to express the diverse argumentsearomg the interactions between
financing and investment decisions in a real optidnamework in two basic
hypotheses.

The first one is commonly referred to as the ‘valygothesis’ and states that
additional real flexibility will increase the valu® the firm, thereby allowing greater
debt capacity. The increase in firm value creatgadal flexibility lowers the default
risk and the expected bankruptcy costs. Indiredtlgnhances the debt capacity of the
firm, increasing the target debt to equity ratia @ne associated debt tax-shield. Under
this hypothesis, there is a positive relationshgtwieen real flexibility and financial
leverage. The theoretical basis for this argumenpdrtrayed in Mauer and Triantis
(1994).

The second one is commonly referred to as the @ghgpothesis’, and states that
additional flexibility will only exacerbate the agey conflicts, thereby reducing the
debt capacity of the firm. Real flexibility exacatbs the opportunistic behaviour of
equityholders, extending the range of actions tlezse take in order to expropriate
debtholders of their wealth. Assuming this argumeebtholders increase the cost of
financing thereby reducing the optimal debt ratidhe firm’s capital structure. Under
this hypothesis, the relationship between realilfiity and financial leverage is
negative. It is in accordance, amongst others, thi¢ghtheoretical works of Mauer and
Ott (2000) and Mello and Parsons (1992).

Bradley, Jarell and Kim (1984) had already showat tbw levels of leverage for
firms were generally associated with the existenicgrowth options, confirming the

» Several authors empirically tested these two Hygexts in order to assess the impact of agency
conflicts between debtholders and equityholdera meal options framework (see Mackay, 2003, Rajan
and Zingales, 1995, Barclay Morellec and Smith,2@0nongst others).
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expectations of Myers (1977) and Jensen (1986)ummly the high market-to-book
ratio proxy for growth options. Long and Malitz @9, Smith and Watts (1992) and
Barclay, Smith and Watts (1995) presented evideh@negative relationship between
market-to-book value and financial leverage. Thiglence was later corroborated by
Rajan and Zingales (1995), further demonstratirag the relation is not only negative
but significantly negative.

More recently, Barclay, Morellec and Smith (2008)eeded the empirical literature
on this effect, using a sample of 104.746 firm-yehservations from the industrial
corporate sector, covering the years from 1950 3891 The authors extended the
previous theory and tested the hypothesis thatatie of debt to assets in place should
fall with an increase in growth options. The resuthey reached confirmed the
hypothesis tested. Here, the evolution in theorgobees clear, beginning with the
prediction of the low collateral value of growthtigms supported by early empirical
studies. Later empirical tests showed a negatiVatioa between the existence of
growth options and financial leverage. Recent wtak come to show that this relation
is not only negative but increasing growth optismgificantly decrease the collateral
value of assets in place.

Recently, the measures of real flexibility wereimefl and extended. In Mackay
(2003), interactions between real flexibility andaincial structure is examined in 17
manufacturing industries, using data from the Lardjnal Research Database and the
Quarterly Financial Reports, comprising 2.028 firovgr the period of 1977-1990.

The author formulates two basic hypotheses (onesathe value and the agency
hypothesis) concerning the relationships betweeahfiexibility and financial structure,
later testing a series of competing hypothesis tabexeral dimensions of real flexibility
and financial structure. One of the measures testederns the maturity of the debt
contracts. The author tests these competing hypeshiey regressing financial structure
ratios on indicators of real flexibility and on ethvariables such as firm size.

The results suggest a significant relation betwé&eancial leverage and real
flexibility thereby confirming the agency hypothesior firms that present a higher
level of production flexibility, the degree of leage and the maturity of debt tend to be
shortet?.

2 However, in the specific case of investment flditibin buildings, the results support the value
hypothesis, indicating that restrictive covenants able to control the agency conflicts enhancimg t
collateral value of the assets, and thereby inargatebt capacity.
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The results on samples from small firms help toficonthe arguments that, due to
their concentrated equity ownership and greateredegf real flexibility, small firms
face severe agency conflicts between equityhol@eid debtholders. However, the
results also show that small firms rely more onkblans, suggesting that monitored
lending helps to contain agency conflicts incregdime overall debt capacity of the
firm.

Mackay (2003) tested the conflicting argumentshia literature. Although, overall,
the work confirmed the agency hypothesis, it alsonged the context under which this
hypothesis gains more strength and the contextsenthe value hypothesis has some
validity. It also suggests that other variablesustidoe taken into account in the models,
in particular, firm size.

Agency conflicts exist in the ‘real world’. Theimportance is significant and,
therefore, should be taken into account. As evideseems to support, real flexibility
exacerbates these conflicts, so their magnituderger when real options are involved.
To ignore these conflicts translates into biasedckusions regarding the investment
decisions, because in the end the existence offohalsicing influences the investment

decisions.

2.4. Game theoretic approach to competition

Game theory analyses strategic interactions amangoenic agents that produce
outcomes according to the preferences of such sgénis the study of strategic
decision making. Therefore, it allows the studgoimpetition among firms in a specific
market.

The development of game theory is related to tlitgainvork published by Von
Neumann and Morgenstern (1944). This initial breekigh was shortly after
complemented with Nash’'s (1950a, 1951) equilibriyperspective under non
cooperative competition and Nash’s (1950b and 195Bppley (1953) and Gillies
(1953) equilibrium for cooperative game theory. dbdgion of these notions of
equilibrium to other types of interaction betwedayprs followed.

Being a method to analyse interactions betweenrepsayts application to economic

analysis allowed for a better understanding of cetitige interaction under market
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structures where imperfect competition is preseis. a result, the scope of
microeconomic theory is thus redefined under tless approach.

Application of game theoretic approaches to immhfe competitive market
structures is performed through consideration ohes@redefined strategy from the
firm. Traditional perspectives, such as Courno$tackelberg gain a new insight under
this approach. They set forward the strategy thre 8dopts towards their competitors’
actions attaining Nash equilibrium. Such equilibrius reached in a price quantity
relationship. Therefore, its application to compet between firms naturally
developed.

Application of these principles to the investmemnategies of firms is the following
step. The next section shows the developments iatsdavith the connection between

those two different fields.

2.5. Competition under real options analysis

Incorporation of managerial flexibility and compgete interaction in a single and
unified analysis of investment opportunities is ecent development in finance,
economics and corporate strategy fields. EmergedsfcROA and game theoretic
approaches made such unified perspective a redlitgter this perspective when a firm
considers an investment decision, it is engagea game not only against nature, but
also against its rivals.

Trigeorgis (1988 and 1991) first mentioned a sigaiit difference between real and
financial options. The first ones can be proprietar shared. When shared they have
less economic value, since they can be exercisednggne of their owners. Kester
(1993) complemented this view with the referencéhtimpact of competition on the
timing of investment. Trigeorgis (1991) analyzea fimpact of competition on the
optimal timing of project implementation using apti methodology. Kester (1993)
pointed out that in order to appropriate the fallue of the option by corporations in the
presence of competition they could exercise thgiioas earlier than would otherwise
do.

Such recognition boosted the research concentriatatie relationship between
competition and investment in a real options parspe Some studies took market
structures as given, analysing the impact thaedifit market structures have on the
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investment decisions. Others have focused on hampettive dynamics may lead to
endogenous structural changes and influence inesdtbehaviour.

However, the first association between game themg ROA is made by Smets
(1991), followed by Smit and Ankum (1993) in a dete-time application, followed by
Dixit and Pindyck (1994) in a continuous-time framoek. Later, Grenadier (1996)
applied a game theoretical approach to option éseia the real estate market. Smit
and Trigeorgis (1997) developed an integrated wmgaions and game theoretical
framework for strategic research and developme&DRinvestments. The model
developed illustrates the trade-off between theilfiety value and the strategic
commitment value of R&D that interacts with mark&ructure via altering the
competitor's equilibrium quantity or changing theanket structure altogether (e.g.,
from Cournot to Stackelberg or monopoly).

Since those pioneering works, research has evdhoed a consideration of multi
stage games, to a consideration of simultaneousequential games with single
decisions, with different demand curves faced bgnmetitors and different reaction
functions by firms, in continuous or discrete tim&th one or more than one stochastic
variable. The relevant aspect is that the linkagawben ROA and game theory is
evolving rapidly allowing the analysis of competditi in investment decisions
containing operational and strategic flexibility.

Later, research studies integrating ROA and garmerih like Grenadier (2002) and
Smit and Trigeorgis (2004), have focused on thectsff of competitive structure and
competitive dynamics on options value and hencenweastment decisions. The model
to be developed in the present research will deigpeg/ that. It will depart from a
certain competitive structure, assuming differemnpetitive reactions. The impact that
such different reactions produce in option valugj &ence on investment decisions,

will be initially analyzed.

2.6 Final notes

The general approach to the relevant literatureaich field of study of the present
research is thus concluded. This chapter provideseetween the different fields of
research that will be integrated. The relevanc&k@A becomes clear when dealing
with managerial flexibility; the scenarios wherdeiraction between investment and

financing decisions do occur; the usefulness of gaheoretic approaches to the
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analysis of competition between a limited numbefirofis; and finally, the integration
of competition in ROA, through the appearance af options games.

The following chapters will deepen the review parfed in the present one. The
next chapter focuses on investment decisions amdelevant methodologies to value
them. The chapter after the next will describeittteractions between investment and
financing decisions, exploiting the relevance okragy theory in such relationship.
Finally, the last chapter of the literature reviedl focus on the effect of competition in

the value of investment opportunities, merging gameery with real options theory.
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3. INVESTMENT DECISIONS

In the present chapter of this dissertation we pgliform a brief review of the most
widely used techniques to assist management innthestment decisions to be taken.
We start with a brief description of the relevanae investment to corporations,
followed by the analysis of the main assumptiongenrwhich the major techniques to
capital budgetinf rely on. This is followed by a detailed descriptiof the most
relevant traditional capital budgetifigprocedures and then we finish with the most
recent approaches to capital budgeting, which delumanagerial flexibility and

financial structure.

3.1 Economic Relevance of Investment to Firms

An investment decision is essentially a choice alfoeitiming of consumption. It is
a decision of how much not to consume in the pteserorder that more can be
consumed in the future. The optimal investmentsieniintends to maximize expected
utility and be the source of value creation. Fom§, value creation can be achieved
essentially through investment.

Investment decisions are linked to new investmgmpodunities that the firm
possesses. Such opportunities must be translatednivestment projects that increase
the value of corporations if, when undertaken, phesent value of their future cash
flows is higher than the capital expenditure nemgsso implement it. Projects subject
to analysis by management typically have associatednitial investment outlay,
necessary for its implementation, and a stream ubfiré cash flows. However,
investment projects may have managerial flexihilthich translates into future options
management may have on the cash flows associatbdtie project, and financial
flexibility, which translates into different finamg possibilities, that might affect the
value of the investment and, therefore, the decitode taken.

In order to perform the valuation of an investmenject it is necessary to take into

consideration all the parameters that influencevatie. The future cash flows it

3 The set of investment decisions rules is refetoess capital budgeting
1 We shall refer to traditional capital budgetinglaes initial techniques that were developed to sstee
value of an investment project.
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generates, its time of occurrence, the amount ef dapital expenditure, the risk
associated with the project, the future options gieject might possess and its
financing structure. An appropriate methodologywatue an investment project has to
consider all these aspects that are associatedtwithe criterion used to select which

investments should be undertaken needs such atuati

3.2 Traditional Capital Budgeting

In this section we start with a brief review of thmajor theories that allowed the
development of a methodology to value and selesstment opportunities. It will be
followed by a description of the most relevant talghudgeting techniques. The section

ends with a presentation of the most significarhkmesses of these methodologies.

3.2.1 Theoretical Foundations

The valuation of investment opportunities was aliyi addressed by Fisher (1930).
Fisher was the first to state the foundations efriecessary elements to perform capital
budgeting. In their seminal work he introduced domcepts of NPV and Keyne¥’s
equivalent, internal rate of return (IRR)The author, despite not including uncertainty
in the analysis developed, stated, for the firsteti the procedures to be taken by
management in order to value investment opporesiti

He further demonstrated that the firm’s investnuatision is independent from the
preferences of the owner, which delegates to manege the capacity and the
responsibility to select which investments shoulel fmade, and from the firm’'s
financing decisions. These two propositions bec&mewn as Fisher's separation
principle.

The first of such propositions demonstrated thatfttms should only be concerned
with the maximization of its objective functin which corresponds to the

maximization of the expected utility of its curresttareholders. To do this, it is not

!5 Keynes (1936) presents the marginal efficiencgagfital, a concept that is precisely the one tesdlts

in the IRR.

16 A description and presentation of these two cotsceqfil be performed later.

" A firm’'s objective function results from the firg’'characteristics. A firm is characterized by a
production function that defines its ability torisfiorm current resources into future consumptioodgo
subject to an initial investment outlay.
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necessary to know the utility function of their s#teolders. However, in a perfect
capital market (frictionless and perfectly comped} under certainty, actions that

maximize the price of the firm’s shares maximizéhithe wealth and the utility of each

current shareholder. This way, managers do not te&dow the specific preferences
of their shareholders. They only need to know theket discount rate and the cash
flows of their investment projects to make optimavestment decisions. This

framework represents the separation between thesiment and operating decisions of
firms from shareholders preferences.

The second of such propositions demonstrated flhats fshould separate their
investment decisions from their financing decisiohise equilibrium rate necessary to
equal demand and supply in the market for loanabids is the one that allows total
investments to be equal to total savings. Whatdfi$h930) pointed out was that two
firms with different financing (or demand for fur)dstructures but with the same
investment possibilities, invest the same amounérdfore, the financing structure does
not affect the investment decisions of firms.

The independence between investment and finanadegsidns is also present in
Williams (1938§2. In fact, it unveiled the same conclusions that later present in
Modigliani-Miller’s first proposition, although iloes not contain a formal proof of the
theorem. Nevertheless, Williams (1938) concludexd the present value of a firm is the
discounted value of its future net cash-flows ameréfore it does not depend on the
financing structure of such firm.

These two initial contributions had, however, sorastrictive assumptions. The
strongest of them all was related to the certathgt was present in the analysis of
future cash-flows. Since investment choices inv@resent sacrifice for future benefit,
and as the future is, by definition, uncertain, e investments. Therefore, it was
necessary to incorporate such uncertainty in theetso

State-preference thedry alongside with the notion of pure securitiespwatd for
the application of uncertainty in individual chascdndividual decision making under
uncertainty is accomplished by the maximizationerpected utility of end-of-period
wealth. This way, firm decision making under unairtty can be accomplished under

those same principles.

18 williams work is more notoriously related to theddction of the value of the firm through the
discounted value of future cash-flows, namely divids. For such deduction, the irrelevance of the
financing structure in the value of the firm is geat.

¥ Developed by Arrow (1964) and Debrew (1959).
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Hirshleifer (1958; 1965; 1970) applied state-prefee theory when he relaxed
some of the assumptions taken by Fisher (1930)ehartne non-existence of a perfect
capital marke?, the single period analydisand the certainty associated with the future
cash-flows.

It was shown that firms, when maximizing the prmiecurrent shares, are also
maximizing current shareholders’ expected utilithemn capital markets are perfectly
competitive and frictionless as well as completéhe Tfirst condition (perfect
competition and frictionless markets) ensures finatt actions will not be perceived to
affect other firms market security prices, wheré¢s second (complete markets)
ensures that the state-price spanned by the exisénhof linearly independent market
securities is unaffected by the firms’ actions. $hfirm actions affect shareholders’
expected utility only by affecting their wealth dluigh changes in the firms’ current
share price.

Under this setting, the acceptance of positive NiRx¢stments increases the price
of the firm’s current stock and therefore the weahd expected utility of all current
shareholders in a perfect and complete capital eaHkowever, if capital markets are
not complete or not perfect, this is not necessarile, because the firm’s investment
decisions may affect the price of other firms’ @sawor the feasible set of state-
contingent payoffs.

With such findings, Hirshleifer (1958) demonstratdthat, in the presence of
uncertainty, the Fisher's separation principlel $tdlds as long as capital markets are
perfect and complete. Nevertheless, if capital ®igrkare imperfect or incomplete
Fisher separation principle no longer holds and dhieria used to take investment
decisions no longer guarantees the maximizatiail @hareholders wealth.

The principles lay down by Fisher (1930) and sufgzbby Hirshleifer (1958; 1965;
1970) in order to take optimal investment decisimese still in need of completion. It
was still necessary to understand and valfdatee independence between investment
and financing decisions and it was also still neagsto determine a proper discount

rate according to the risk class of the investment.

% This assumption results in a divergence betweerlehding and borrowing rate, the existence of an
increasing marginal borrowing rate and capitabratig.

2L Hirshleifer (1965) presented multi-period investihanalysis, pointing out, with such analysis, the
flaws and limitations of the internal rate of retuor the first time and presenting the first riesions to

the use of the NPV criterion. Such multi-periodlgsia will not be subject of discussion here.

?2 The independence between investment and finandewsions was present in Fisher (1930) and
Williams (1938), but a mathematical proof was stdcessary. That is what is meant by validatiosugh
hypothesis.
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Modigliani and Miller (1958, 1963) wrote a semina@per on cost of capital,
corporate valuation and capital structure. They alestrated that the market value of
any firm is independent of its capital structurel & given by capitalizing its expected
return at the rate appropriate to its risk clagssequently, the method of financing is
irrelevant to firm value. They also demonstratedvhibe cost of capital could be
estimated and stated that the required return aityecgpital increases with the debt to
equity ratio because of a higher equity risk. Hinat was also demonstrated that the
appropriate rate to discount future cash-flowshis weighted average cost of capital.
Such weighted average results from the proportafnsquity and debt present in the
financing structure of the firm.

Alongside with such developments concerning thé cbsapital, estimation of the
value of the firm and decision making under undetyaa quantification of uncertainty
was still necessary. Markowitz (1952) establishddhmework where objects of choice
are measurable. In fact, the mean-variance paotthieory is statistical in nature and
therefore provided such quantification of expecteturn and risk allowing for the
establishment of decision rules concerning podfaelection, maximizing expected
utility of investors.

With such quantification, it was set the basisdorextension of market equilibrium
in order to determine the market price for risk #mel appropriate measure of risk for a
single asset. The economic model was simultaneodsieloped by Sharpe (1963,
1964) and Treynor (1961) with subsequent developsnby Mossin (1966), Lintner
(1965,1969) and Black (1972). The Capital Asset Pricingdel (CAPM) showed that
the equilibrium rates of return on all risky assats a function of their covariance with
the market portfolio. Later, Ross (1976) determitteat the return on any risky asset is
seen to be a linear combination of various commawtofs that affect asset returns,
generalizing the findings of the previous modetha model that became known as the
Arbitrage Pricing Theory. These two important aghmaents provided a “price” for risk
and allowed the establishment of an appropriateodist rate for future cash-flows.
They enable us to price risky assets in equilibramd, therefore, allowed us to estimate
the cost of capital.

The cost of capital is seen to be a rate of rettrase definition requires a project to
improve the wealth position of the current shardad of the firm. The original
Modigliani-Miller (1958; 1963) work has been exteddby using the CAPM so that a
risk-adjusted cost of capital may be obtained fmheproject. When the expected cash-
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flows of the project are discounted back at theemtrisk-adjusted rate, the result is the
NPV of the project.

These were the basic concepts that allowed thesprdad use of NPV as a tool to
estimate investment value and to assist managemennvestment decision taking. In
fact, Klammer (1972) and Schall, Sundem and Ge#sl{@978) reported that a vast
majority” of large firms used NPV as the criterion to analylse implementation of

large investments.

3.2.2 Capital Budgeting Techniques

Capital budgeting techniques should possess amtedsproperty. They should
unequivocally determine if a certain investment mmazes shareholders’ wealth. Such
property can be decomposed in the following sepamateria:

- All cash flows should be considered;

- The cash flows should be discounted at the oppiyt cost of funds;

- The technique should select, from a set of miyiedclusive projects, the one that

maximizes shareholders’ wealth;

- Managers should be able to consider one prajeleipendently from all others.

Mutually exclusive projects are projects that cdnoe jointly implemented. This
means that, facing a set of mutually exclusive guts, management must select only
one of them. The value-additivity principle impligsat a valid criteria should evaluate
projects independently, but the added value of re¢parojects must not change the
decisions taken separately.

Next we will describe the most commonly used teghes in capital budgeting,
namely the NPV and the IRR. We will also perforrsaanparison between these two
different techniques.

3.2.2.1 Net Present Value (NPV)
NPV is the added value that a project can bring @iven firm. It represents the

change in value that the firm will suffer from tivaplementation of an investment

project. It is the difference between the futurehcllows generated by the investment,

2 Klammer (1972) reported that in 1959 only 19%hef firms used NPV, but by 1970, that number grew
to 57%; Schall, Sundem and Geijsbeek (1978) repgdhat 86% of the large firms analysed used NPV.
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discounted back to the present date at an apptepate considering its risk class, and
the present value of the cash outlays necessanypgiement it. In order to determine it,

we need to define which are the cash-flows fromogept, the capital invested in it and
the opportunity cost of capital that is consisteith each of them.

The payoffs that a project generates are its FOB.nothing more than the after-tax
operating earnings of a company, plus non-cashgekarsubtracting investment in
operating working capital, property, plant and @guent and other assets. It does not
incorporate any financing-related cash flow suclingerest expense or dividends. This
definition of FCF highlights the fundamental elernseof the concept.

FCF is the amount available to remunerate the Gieas of the project. It is
independent of the financing mixture that was u3éerefore, the stream of future cash
flows that is considered under this methodologh&sFCF that the project generates.

This methodology, therefore, consists solely onastmation of those FCF, for the
periods ahead, discounting them back to the presatet at an appropriate rate. This
appropriate rate is the cost of the capital investethe project, the weighted average
cost of capital (WACC).

" FCF
NPV =) —1
;(1+WACCZ)'

l (3.1)

This provides the present value of the future F&t the project generates. The
NPV of the project is obtained by deducting the amamf capital invested) to the
present value of its future cash flows.

The decision rule under this methodology is oné ta#ects the added value that
the project can bring to the firm. If the NPV issgove, the project in question will add
value to the firm and should be implemented. If HfeV is negative, the project will
not add value to the firm and should not be implete@. The NPV is the increase in

shareholders’ wealth generated by the project.
3.2.2.2 Internal Rate of Return (IRR)

The IRR on a project is the rate that equates tesept value of the cash inflows to

the present value of the cash outflows. It is tite that makes the NPV of the project
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exactly zero. Hence, it is the rate of return omested capital that the project is

returning to the firm.

FCF

= (1+IRR) -0 (3:2)

IO

The decision rule under the internal rate of retariterion is that firms must
undertake projects that yield a return higher ttencost of capital. This means that the
return generated from the investment taken is highan the cost necessary to
implement it and therefore compensates sharehdidetise risk taken.

3.2.2.3 Comparison between NPV and IRR

Although similar, NPV and IRR can, in some situasipprovide different answers
to management concerning the projects to be impiede It has to be referred that
NPV is the only criterion that is necessarily csteit with maximization of
shareholders’ wealth. That can be inferred from following aspects that make the
superiority of NPV when compared to IRR.

The first is that NPV uses the appropriate discaate, the one that reflects the
market determined opportunity cost of capital, @HRR discounts future cash-flows at
the IRR, therefore assuming that the time-valuenohey is the IRR. This assumption
has become known as the reinvestment rate assumpflus implicit assumption
causes IRR to violate a basic principle that chpitageting techniques must possess,
the one that refers that all cash-flows must beadisted at a rate that reflects the
opportunity cost of the funds employed.

Secondly, it has to be noted that IRR also migltlate the value-additivity
principle, therefore preventing management to asaprojects independently.

Finally, the computation of IRR can, in some siiagé, provide multiple IRR for
the same project whenever the sign of the cashsfichhanges more than once. NPV is
the criterion that performs the best, simply beeatsbeys all the necessary principles

and it reflects the maximizations of shareholdemsalth.

28



3.2.2.4 Limitations of Traditional Capital BudgegiiMethodologies

Traditional capital budgeting techniques are subjiec some criticism. Such
criticism relies in two fundamental reasons. Thestfis a growing dissatisfaction
concerning these standard methodologies. The sasdimited with the development of
option valuation models, and the recognition ofikirnties that exist between financial
options and some characteristics that are presestime investment opportunities.

The first of the above-mentioned factors is assediavith the fact that current
valuation techniques do not seem to capture alicesuof value that are present in a
given project or, capturing them, they might ndueahem properly .

NPV considers a project as a black box. It assumgsassive attitude from
management since the decision to undertake theqirig made. Management simply
follows a certain operational strategy that wasndef at the implementation of the
project. It does not react to the future eventsithight affect the project.

The value of a project, with the incorporation tExibility, will be incremented.
Such increase in value that the project sufferd witrease the likelihood of its
implementation. Therefore, by not incorporatingxiftelity, NPV tends to undervalue
the projects, which will lead to the rejection ebjects that will indeed add value to the
corporation.

A complementary procedure to NPV, decision treeysia (DTA), developed in
Magee (1964a; 1964b), recognises the differentooptimanagement has in a certain
investment at a later period of the project's lifencorporates such options by building
a tree that reflects the alternative actions mamagé might adopt concerning those
options. The cash flows relative to the subseqgpenibds are conditional upon those
decisions. Therefore, in the valuation procedure,have different cash flows relating
to different options that were taken in the presioperiods. Such differing and
alternative cash flows are estimated until the Ifisiage of the project's life. The
determination of the different possible termindues is the first stage of this valuation
method, since they are conditional on managemeigttssions. Management chooses
the higher terminal values at the different brascbithe decision tree. These different
branches reflect the different options managemenssgsses. The valuation
methodology departs from these alternative termiadles and discounts them to the
present date. The rate at which the alternativé dasvs are discounted is the same

despite their different risk. It is the same rasetlae one that was used to value the
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project initially, with the use of the NPV approattis the weighted average cost of the
capital that was invested in the project.

The value of the project is the discounted valueghef FCF conditional on the
options taken and weighted by the probabilitiesoeissed with those options,
discounted back till the present date at the WA@@us the investment expenditure
made.

DTA overcomes the limitation associated with NPMt{hwthe introduction of the
flexibility present in the project. However, it é&ssociated with two major difficulties.
DTA defines subjective probabilities to the futuevents that can influence
management’s decisions, and it does not defingoprogriate discount rate considering
the proper risk class associated with each onleaskt future events.

One non-trivial limitation present in this methoodgy concerns the discount rate
used to estimate the FCF present value. Applyiegsime rate to all of them is not the
best procedure. Doing so, we are assuming th#bedle alternative cash flows possess
the same risk. It is the risk that the initial mat without flexibility, possesses.
Adjustment of this discount rate, taking into caesation their different risk, would
have been the correct procedure to adopt.

Another limitation of this methodology is the prdidday implicit in undertaking all
the options management possesses. DTA assumeRkitargrprobability of occurrence
to all the different options it has incorporatedtire project. It does not take into
consideration the actual probability of exercise.

Under all these limitations that are associatedh wie traditional project valuation
techniques, they only accomplish properly the tgroject valuation when there is no
managerial flexibility in the project.

The second factor mentioned above is linked with tievelopment of option
valuation models, and its application to value @esdets. These models can capture the
managerial flexibility present in a project andualt properly, overcoming some of the
difficulties associated with the methodologies need above. The development of

ROA is directly related to this aspect of investinaluation.
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3.3 Real Options Analysis (ROA)

This section starts by addressing the conceptstlamadnain value drivers that are
behind real options. It starts with the definiti@noptions and an explanation of its main
value drivers and its main valuation modéls

Bearing in mind the similarities that exist betwdearancial and real options, we
present a framework for the problem of real optiealsiation and the methodologies to
value these types of options. It is followed bycmparison between real options and
options on financial securities with a thoroughlgsia of the main types of real options
described in the literature. It is also performedketailed review of the developments in
real options models and an explanation of the malune drivers of real options are also
performed.

Finally, we make a comparison between traditioagital budgeting and ROA. The
similarities and the differences between these tsogle stated and explained, as well

as the advantages and disadvantages of all of them.

3.3.1 Option pricing Framework

An option is the right, but not the obligation, day or sell a specific amount of a
specific underlying asset at a specified pricemeat the exercise price, and for a
specified period of time, the maturity date of thion. A call option is an option to
buy the underlying asset, whereas a put option pdion to sell the underlying asset.

Black and Scholes (1973) and Merton (1973) derivied, the first time, in a
satisfactory manner, a closed form solution for va&iation of financial options and
corporate liabilities. They derived a continuousdimodel that allowed the valuation of
Europeaf? type financial options.

The model thus developed values options accordirfiyé different factors. The
first is, naturally, the price of the underlyingsas For a call option the higher the price

of the underlying asset, the higher the value efdption contract. For a put option, the

* In this section we shall only present the initialuation models, namely the Black-Scholes-Merton
(1973) and the Cox-Ross-Rubinstein (1976).

> The term European applies to options that can belgxercised at the maturity date. American option
on the contrary, can be exercised at any date pwidhe maturity date of the contract, making them
harder to value.

%6 One other factor (a sixth) relates to the fact tha underlying asset returns any cash payouhgutie
maturity of the option. We shall ignore it for ttime being.
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opposite is true, the higher the price of the ulyttey asset, the lower is the value of the
option. The second aspect to influence option vaduthe exercise price. For a call
option the higher the exercise price the lowervhiee of the option contract. For a put
option the higher the exercise price, the highervalue of the option. The third factor
is the length of time to maturity. The longer tirad to maturity the higher the value of
the options, because with more time to maturityeghe a higher possibility that the
value of the underlying asset departs further ftbm value of the exercise price. The
others and less obvious factors are the instantsneariance of the rate of return on the
underling asset and the risk-free rate of retuire Value of a call option increases with
a higher instantaneous variance of the rate ofrmesimply because it increases the
possibility of higher payoffs, since the differenoetween the underlying asset’s price
and the exercise price can be higher, while thedrabf an option is protected against
the downside risk, because it can always not esergis right to buy the underlying
asset. The value of a put option increases withgheh volatility of the underlying
assets’ returns for precisely the same reasoins ptotected for the downside potential
but can gain for decreases in the price of the lyidg asset. The value of a call option
increases as a function of the risk-free rate.

Black and Scholes (1973) have shown that it isiptesso create a risk-free hedged
position consisting of a long position in the ungeg asset and a short position (where
the investor writes a call) in the option. Thisigig allows them to argue that the rate of
return on the underlying in the hedged positionn@nstochastic. Therefore, the
appropriate rate is the risk-free rate and ascitei@ses so does the rate of return on the
hedged position. The impact of the risk-free ratehe value of a put option is the
opposite as on the value of a call option. As thk-free rate increases the value of the
put option decreases.

One crucial aspect of this model for option valoatis the fact that the expectations
of the holders of the option are not taken intostderation regarding option value. One
other aspect is that it does not also depend onntheiduals’ attitudes towards risk.
Such attitudes are irrelevant to option value. tAHt is necessary is the consideration
that individuals prefer more wealth to less so thdiitrage profits are eliminated.
Finally, the only random variable is the underlyesget itself. The value of the option
is therefore, a result of a set of directly obsblwavariables and can be computed in a

very straightforward manner.
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Later, Cox, Ross and Rubinstein (1979) developedlearnative model to value
financial options. They derived a discrete time plathat allowed the valuation, not
only of European type options, but also Americgretpnes. They use a more intuitive
approach based in the binomial distribution of inelerlying. They achieved the same
results as the previous model because the twonattee approaches to the option
valuation problems are identical. In fact, Cox, Kesd Rubinstein (1979) explicitly
referred the coherence between the continuous &éintethe discrete time approach,
establishing the relationship that needs to prewagdssure such coherence. It is related
to the translation between continuous time variatie discrete time ones, such as the
annualized standard deviation of the returns imte tp and down factor moves
contained in the binomial option pricing formulahuk, the binomial option pricing
formula contains the Black-Scholes-Merton formwdaadimiting case. An advantage of
the binomial model to the continuous time one $sability to value American put
options, which is not possible to do under the Bi&choles-Merton.

The establishment of a hedged position, that isgurein both models, is essential to
the option valuation problem. Such covered positsoanly possible by the recognition
that it is possible to replicate an option withiiedent set of traded securities, thereby
creating a so called synthetic option. The valuetha option at the date of their
valuation will be identical to the cost of builditige replicating portfolio. Therefore, in
order to apply these option valuation models, th@nnconcern is to identify the

existence of such a portfolio.

3.3.2 Definition and Characteristics of Real Opsion

An investment project can be seen as a portfoliomafons. The analogy departs
from the similarities that exist between some itwent opportunities and options
concerning their respective payoffs.

An option is the right, but not the obligation, take an action at a predetermined
cost, called the exercise price, for a predeterchpexiod of time - the life of the option.

An option on a real asset — a real option - is ingtimore than the possibility, for a
determined price, to change the operating poli@ésan investment project, in
accordance with the future scenarios or condittbas the environment surrounding the
project suffers. Such possibilities will be exeetisaccording to the conditions that
management faces at the time those possibilitie®edaken.
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Accordingly, under this framework, it should be gibte to value an investment
project with the use of models that were develofmedalue financial options. When
such valuation procedure is applied, it is term&jARIn order to do so, it is necessary
to correctly identify the options present in thgestment decision and to obtain all the
inputs needed to apply the financial options vaduamodels.

The analogy stated between real and financial ogtis, therefore also present in
the factors that affect its value and that arerporated in their valuation. The value of
real options is also affected by the value of thdeulying asset (the present value the
project’s future cash flows), the time to maturdl the option, the volatility of the
underlying asset (uncertainty that affects thequitg future cash flows), the strike price
of the option (cost of the embedded option), tis&-fiee rate, and any dividends that
might be distributed to the stakeholders of thefir

Consideration of investment projects as optiongaming the flexibility that is
present in those projects, makes it possible toenagartition of its value in three main
groups.

Firstly, its in-the-money value, which is nothingra than the value of the project if
implemented immediately. This component of valuthesNPV of the project, its value
without consideration of any option associated with

Secondly, one has to add the option to defer thvestment (gathering more
information on the project) related to the oppoitiurcost associated with immediate
implementation. In an option framework, it is siamilto immediate exercise of the
option.

Finally, consideration of operating flexibility management’s decisions leads us to
the consideration of other options that might bespnt in the investment opportunity
that the firm in question faces. Such operatioledilbility is linked to the capacity that
management has to act throughout the life of tbgpt. Through their actions, they can
change the future cash flows associated with thalinnvestment, and, therefore,

change the present value of the investment prapelety.

3.3.3 Valuation of Real Options

Considering the similarities that exist betweerirerestment project and a financial
option, the methodology developed to value an imest opportunity can be the one
developed to value financial options.
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The existence of a replicating portfolio is an esisé feature of all the option
valuation methods developed. Valuation of real @j due to the nature of the
underlying asset, reveals some problems concethmgxistence of such a replicating
portfolio.

According to the body of literature that studiess #pproach, such a portfolio must
be possible to build if, at least in theory, thexean asset, or a group of assets that is
being subject of a transaction in the financial kets and is perfectly correlated with
the value of the project. Such asset or group sétasshould exist if financial markets
are complete and efficient. This asset or groupssits is termed the “twin security”,
and it allows the valuation of real options usihg same models that were developed to
value financial options.

However, in the case that such twin security cameoachieved, there is, according
to this body of literature, a fundamental princigiat is applied. The value of a non-
traded project is the price that the project wobhlle if it had been traded. This
assumption is the most widely used in the methodstcucted to value real options. It
allows the consideration that the present valuthefproject can be considered as the
value of the underlying asset in which the optiareswritten.

Nevertheless, there are also other difficult patanseto obtain in order to apply the
models firstly developed to value financial optiorihe most difficult one is the
volatility of the underlying asset, being such @set a real and non-traded security. If
such a non-traded security does not have a perfeatielated traded security, or group
of securities, the methodology used to derive aaity will have to be done through
a simulation process. The uncertainties that atfeetproject will be incorporated, and
through such simulation a value for the volatilaf the investment project will be
achieved.

The process that will be followed in the presergsdrtation to perform a project
valuation using ROA, relies in these assumptiond amplifications, and can be
decomposed in four different steps: calculation tbé project's present value;
incorporation of the uncertainty that surrounds phgect; identification and inclusion

of managerial flexibility; final and complete vatian of the project.
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3.3.4 Types of real options

The main types of real options described in thezdiure relate to the major types of
managerial flexibility we can find in investmenbppects. Next, we present a description

of the most common ones.
3.3.4.1 Option to defer (delay)

The first type of real option considered, and iemérto most investment
opportunities, is the option to defé(or delay) an investment. It is simply the option
that management possesses of delaying the investmgenditure necessary to
implement an investment. It can add value to a ffrihwaits to invest until the market
develops sufficiently and some of the uncertaintissociated with it disappear. It is
particularly relevant when making an irreversiblavastment decision under
uncertainty®.

This type of option can be seen as a call optiorihenpresent value of expected
cash inflows from the completed and operating @tojeith the exercise price being the
investment expenditure necessary to implement it.

However, in some situations it can be a disadvantagfollow a wait-and-see
strategy. It is the case when a project has a fpeciife” or when immediate

investment pre-empts the entry of competitors.

Table 3.1: Deferral option inputs

Deferral Option Call Option
Present Value of Expected Cash-flows Stock Price
Present Value of Investment Outlays Exercise Price
Length of Deferral Time Time to Maturity
Time Value of Money Risk-free Rate
Volatility of Project's Returns Variance of StocktRas

Source: Adapted from Smit and Trigeorgis (2004)

" This type of option was initially referred in Tdnino (1979), Titman (1985), McDonald and Siegel
(1986), Paddock, Siegel and Smith (1988) and Inlexad Ross (1992).

% McDonald and Siegel (1986) examined the optimalirty of initiating a project, referring that
deferment of an irreversible investment createeddalue. Pindyck (1988) analyses the option teshv

in irreversible capacity under product price uraiety. Dixit (1989) considered the timing of a fisn
entry and exit decisions.

% Trigeorgis (1990, 1991) treated this effect analegto a dividend payment. It is the case where a
patent exists and therefore limits the life of pmeject.
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3.3.4.2 Option to expand or contract

The growth or expansion optithis the possibility that management possesses to
increase the scale of operations. It increases vidae of the project if, when
undertaken, the increase in the cash-flows gerterdayeits exercise outperforms the
investment expenditure necessary to implement it.

This type of option can be seen as a call optioradraction of the value of the
project (the percentage increase in the cash-flgeverated by its expansion) with the
exercise price being the investment expendituressary to expand the project.

The contraction optioh is the opposite situation. It is the possibilit@at
management possesses to contract (reduce) theo$cgderations. It increases the value
of the project because it allows, if market comatifi turn out unfavourable, the firm to
reduce part of its initial investment outlay.

This type of option can be seen as a put optiotherpart of the project that can be
contracted (it can also be a percentage of thialipitoject value) with an exercise price
equal to the part of the planned expendituresdaatbe avoided.

These options always tend to add value to an imegst project. They increase the
value of the project by the added flexibility thbying to management. They allow
management to increase the cash-flows generatatiebproject if market conditions
turn out to be better than it was initially expetand allow management to cut the
losses or adjust capacity if market conditions tout worse than it was initially
expected.

Table 3.2: Growth option inputs

Growth Option Call Option
Fraction of Project Value Fraction of Stock Price
Present Value of Extra Investment Outlay ExercreseP
Length of Deferral Time Time to Maturity
Time Value of Money Risk-free Rate
Volatility of Project's Returns Variance of Stockt®as

Source: Adapted from Smit and Trigeorgis (2004)

%0 This type of option was initially referred to byykrs (1977), Kester (1984; 1993), McDonald and
Siegel (1985), Trigeorgis and Mason (1987), Trigen(1988), Pindyck (1988) and Kemna (1988).

%1 This type of option was initially referred to bycionald and Siegel (1985) and Trigeorgis and Mason
(1987).
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Table 3.3: Contraction option inputs

Contraction Option Put Option
Fraction of Project Value Fraction of Stock Price
Present Recovery Value Exercise Price
Length of Deferral Time Time to Maturity
Time Value of Money Risk-free Rate
Volatility of Project's Returns Variance of StocktRes

Source: Adapted from Smit and Trigeorgis (2004)

3.3.4.3 Option to abandon or to switch use

The abandonment optitfallows management to terminate operations folaga
value. The option to switch uSeallows manager to switch the use to its best
alternative. This type of flexibility can be a sifytant source of value when market
conditions have a high degree of demand uncertainty

This abandonment option can be seen as a put omtidatal project value with an
exercise price equal to a specified salvage vdlte.option to switch use can be seen
as a put option on project value with an exerciseepequal to the value of the project

in its best alternative use.

Table 3.4: Abandonment option inputs

Abandon Option Put Option
Present Value of Cash Inflows Stock Price
Resale Value Exercise Price
Length of Deferral Time Time to Maturity
Time Value of Money Risk-free Rate
Volatility of Project's Returns Variance of Stockt®as

Source: Adapted from Smit and Trigeorgis (2004)

3.3.5 Differences between Real Options AnalysisAlR@nd Traditional Capital
Budgeting

ROA may overcome some of the limitations that amesent in traditional capital
budgeting, whenever managerial flexibility is presdt incorporates all the options
available to management and discounts all the dutash flows associated with those

options at the appropriate rate according to #is ciass. The implementation of ROA is

% This type of option was initially referred to byeina (1988) and Myers and Majd (1990).
% This type of option was initially referred to byajrabe (1978), Kensinger (1988), Kulatilaka (1988)
and Aggarwal (1991).
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derived from option pricing theory and takes intmsideration two traditional capital
budgeting methods, NPV and DTA. ROA starts withfih& of the two methodologies
referred, the estimation of the NPV of the projddten it incorporates, the options that
are present in the project, as in DTA. Finally,hwibe use of option pricing theory, it
discounts the future cash flows at the appropmate considering its risk class. ROA
leads, in presence of managerial flexibility, tonare accurate project valuation. ROA
values managerial flexibility properly, improvingpet investment decisions that the

management of a given firm has to undertake.

3.4 Final considerations on investment decisions

This chapter highlighted the fundamental aspedata@ to investments in real
assets and to their valuation through relevanttaapudgeting techniques. After an
overview on the relevance of investments to corpmma, we provided a description of
the assumptions under which the valuation of imaestt should be performed. After
that, we conducted a description of capital budgetechniques, starting with the initial
ones developed and ending with ROA. The conclugadre drawn from such review is
that, in the presence of flexibility, real optioreuation techniques apply, since they are
the only ones capable of capturing such operatitbenbility, hence its relevance to the
present research.

The next chapter performs a review of the condgiander which the financing of
an investment can have influence in the valuatiosuch investment, namely the case
where conflicts between the different stakeholdadrthe firm arise. It also performs a
review of the relevant literature that analyses floda of interests between
equityholders and debtholders in the presence obgexial flexibility.
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4. AGENCY CONFLICTS BETWEEN EQUITYHOLDERS
AND DEBTHOLDERS UNDER REAL OPTIONS
ANALYSIS

In this chapter we intend to develop the fundaniergaearch that integrates
operational flexibility in a setting where agen@sts are relevant in order to determine
the decision to invest. We shall divide it in twidferent approaches. An initial, and
necessarily brief, focus that presents the mainirrap literature produced. This
literature essentially examines the ‘value hypat#fieand the ‘agency hypothesis’.
Empirical evidence overwhelmingly supports the agerhypothesis, therefore
providing a natural justification for the developmieof the theoretical models that
followed. A subsequent, and larger, focus in theothtical literature produced. This
literature mainly developed multi-period dynamic dets for the value of the assets
incorporating different types of real options. Thptions to invest, risk-shift, shut-
down, restart and switch use are the most commes.ofhese models incorporate a
wide use of protective debt covenants and diffedeiit maturities in their financing
structure. Previous theoretical work and empir@atience has shown it might mitigate
agency conflicts between equity and debt.

The next section focuses on the empirical finditiggt relate operational with
financial flexibility, namely with the debt capacibf the firm. Afterwards, we present
theoretical models that were developed do anahteeactions between investment and
financing decisions. Such presentation is strudtaording to the type of operational
flexibility incorporated, distinguishing considerat and non consideration of agency
conflicts. Both sections consider the option toesivin production capacity. However, a
distinction iIs made between continuous and endagdynodetermined investment

opportunities and discrete and exogenously deteunimes.

4.1 Empirical literature

Bradley, Jarrel and Kim (1984) demonstrated th&ts»xa low debt capacity in firms
with high real flexibility. Later, Long and Malit¢Z1985), Smith and Watts (1992) and
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Barclay, Smith and Watts (1995) also presentedeenid of a negative relation between
real flexibility and debt capacity. Rajan and Zilega(1995) reinforced such findings,
demonstrating such relationship to be quite sigaift.

More recently, Barclay, Morellec and Smith (2008)emded the empirical analysis
by testing the hypothesis that the ratio of debtssets-in-place should fall with an
increase in operation flexibility. The empiricahdings demonstrated that such ratio
fells with the existence of growth options.

The results achieved in Mackay (2003) suggest aifgignt (mostly negative)
relation between real flexibility and the debt aapaof firms, thereby confirming the
agency hypothesis. For firms that enjoy a higheellef production flexibility, the debt
capacity and maturity of debt tend to be shortgpsuing the agency hypothesis.
However, in the specific case of investment flditigi the results support the value
hypothesis. According to Mackay (2003), these teduiply that restrictive covenants,
imposed by debtholders on equityholders, are ableontrol the agency conflicts in
such cases, thereby enhancing the collateral valiube assets, and increasing debt
capacity. The results for the small firms samplip he confirm the arguments that, due
to their concentrated equity ownership and gredggree of real flexibility, small firms
face severe agency conflicts between equityhol@ded debtholders. However, the
results also show that small firms rely more onkblans, suggesting that monitored
lending helps to contain agency conflicts, incnegsihe overall debt capacity of the
firm.

The empirical testing of the agency conflicts betwequityholders and debtholders
in the presence of operational flexibility confiriie existence of such conflicts. They
are significant, they affect managerial decisionsl #irm value and therefore, they
should be taken into account. As the evidence seemsupport, real flexibility
exacerbates agency conflicts and reduces the dgiatcity of firms. To ignore the
impact of agency conflicts on theoretical modedsds to biased conclusions regarding

investment decisions.

4.2 Theoretical literature

The theoretical literature analysed intends toam®athe impact of agency conflicts
between equityholders and debtholders in the eseecisions of different real options
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firms face. In the models developed, the exercidbereal options is generally treated
as irreversible, and the characteristics of thé eptions are exogenously determined.
The exception is the option to invest. The literatincorporating the option to invest
has treated investment in production capital fram different perspectives. One branch
of the literature assumes that the possible ratexpansion of production capital is a
continuous variable and is an endogenous decisiaheofirm. It is termed as full

flexibility. The other branch of the literature asses that the firm can only increase its
production capital by discrete amounts, whose saesexogenously determined. It is
termed as discrete flexibility. Other differencesthe treatment of the option to invest
concern the possibility to disinvest and the exiséeof assets-in-place, in which case
the option to invest can be seen as a growth opliiotne alternative case, the firm only

holds an investment opportunity (the investmenioopitself).

4.2.1. Option to invest under full flexibility

This type of flexibility was the first one to be rdered in the literature.
Furthermore, initially interactions between investrdecisions and financing decisions
disregarded agency conflicts.

Brennan and Schwartz (1984) analyses the interecti®tween investment and
financing decisions in a setting where the retum assets is uncertain, following
geometric Brownian motion (GBM), and considerinffedent protective covenants, in
a dynamic debt mod¥l The protective covenants considered, preventedittim from
selling assets and set a minimum interest coveraiie They further considered that
the investment decisions are set in order to madnthe value of equity. They
concluded that, without tax advantage of debt favag the impact of debt financing in
terms of firm value was negligible. High levelsd#bt are found to reduce the value of
the firm, because the higher proportion of the apenal cash-flows that is required to
service debt tends to inhibit further investmente Tprotective covenants considered,
are in generally found to increase the value offitine, but there are scenarios in which
their existence reduces the value of the firm. Tat$ leads the authors to conclude that

an optimal financing policy must take into consatam three different aspects. The

% There are essentially two different alternativeing modelled for debt maturity. One is static @nd
assumes that the debt principal and the maturitpatochange as debt is rolled over, and new debt is
issued at its market value. The alternative idltmachanges in the debt principal while keeping §ame
maturity.
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first one is the choice of protective covenante,ghcond one is the choice of the initial
capital structure and third one is the adjustmernthé debt level considering the initial
capital structure.

Dotan and Ravid (1985) use a one-period model wthergrice of the commodity
sold is uncertain and follows GBM. The authors efygrded agency conflicts, and set
the investment decisions aimed at maximizing thHeevaf the firm. The existence of
taxes and debt financing is found to influence dpé&mal investment decision of the
firm, and an increase in taxes reduces investnhetiteases in the tax rate increase the
optimal debt level of the firm but reduces its istreent level. Although the tax shields
are increased, the accounting profits are reducedeases in debt financing are found
to reduce the investment of the firm due to higigrectations of bankruptcy costs and
loss of interest tax shields (an asymmetrical {estesn is considered).

The difference between sequential and simultanedession-making is also
analysed for both the investment and the finandegsions. Dotan and Ravid (1985),
show that the simultaneous optimization of the stneent and the corporate financing
decisions vyields higher firm and debt capacity galdthan when these decisions are
sequential. This fact leads Dotan and Ravid (19&b)conclude that firm value
maximization requires the simultaneous determinatd the level of investment in
production capital and the optimal level of debt.

The models that follow assume explicitly the exist of agency conflicts between
equityholders and debtholders. Mao (2003) analysesoptimal investment level in
production capital, assuming that the volatilitycaish-flows is a linear function of the
scale of the investment. It focuses on the margumddtility of investment (MVI),
which can be positive or negative, instead of thditional focus on the volatility of the
operational cash-flows of the assets-in-place dhefassets underlying the investment
opportunity.

The incentives to overinvest or to underinvestfaummd to be a function of the MVI,
but also of the cost of investment. Equityholdeasehan incentive to delay investment,
in order not to share a significant portion of thenefits with debtholders. However,
when investment increases the overall risk of thm,fequityholders can benefit at the
expense of debtholders. In this situation, the-sisitting incentives mitigate the debt
overhang problem and the total agency cost of debs not monotonically increases
with leverage. The agency costs are measured adiffeeence in value between an

unlevered firm and a firm with debt financing. M&003) analyses four different
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scenarios, low and high growth firfisind positive and negative MVI. For high growth
firms, there is a positive relation between theirogl leverage and MVI. For low
growth firms, there is a negative relation betwtdenoptimal leverage and MVI.

Titman and Tsyplakov (2002) consider three diffeiamestment policies. The first
policy considers the existence of an unlevered .fifthe second policy considers
maximization of firm value. The third policy consid maximization of equity value.
The authors also distinguish between financingce$fand agency effects. They further
consider a static debt model and a dynamic debtmaddiditionally, they analyse the
possibility of distress, triggered by the breachaaf exogenously determined interest
coverage ratio. When firm value is below this exumesly defined distress trigg@rthe
firm incurs a loss in value defined as costs ofrdss. Distress reflects a deterioration of
the ability of the firm to meet its financial obdijons, without having yet defaulted on
any of them.

Titman and Tsyplakov (2002) find that the valuetdd firm with the dynamic debt
model is 20% higher than with the static debt modlee static debt model generates
significantly higher tax savings and financial dést costs, but lower agency costs than
the dynamic debt model. The static debt model téads/erestimate the present value
of taxes and deadweight costs (issuance, distregsbs kmankruptcy costs), and
underestimate the present value of agency costaube of the impossibility to adjust
the debt levels. In the dynamic debt model, tha fiollowing a first-best policy retires
debt as the price of the commodity falls, but timen ffollowing a second best policy
does not retire debt because of the protectiondauady limited liability.

The possibility to retire debt in the dynamic delmddel and the unwillingness of
equityholders following a second-best policy tosdy explain the higher agency costs
of debt of the dynamic debt model relative to ttais debt model.

The initial leverage for the firm with the dynamdebt model, for both investment
policies, is lower than with the static model. Hoe®e this may be influenced by the
fact that the choice of base-case parameters nilakasier to increase leverage than to

reduce it". The possibility of increasing debt later in tifiseanalogous to the case of a

%The difference between low and high growth firmseflected by the unit cost of investment. A low
unit cost of investment is associated with highwgtofirms, a high unit cost of investment is asateil
with low growth firms.

% Although this ratio is defined as a function of ihterest coverage, since the operational castsfire
assumed to be a proportion of the firm value thisrest coverage ratio can be expressed as a {ilue v
ratio.

" The issuance costs of equity are higher thanstheance costs of debt.
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firm with an option to invest, which may set itstia level of production capital lower,
than in the case of a firm without the possibilitiyincreasing its level of production
capital later.

In both, static and dynamic debt models, the firollofving a second-best
investment policy presents lower debt capacity thhat following a first-best
investment policy. Furthermore, it also underingesmtd distributes more cash to keep
the interest coverage ratio high

Titman, Tompaidis and Tsyplakov (2004) follow a #&nprocedure, focusing on
the real estate lease market (office buildings) amalysing credit rationing and agency
problems. Instead of investing in production cdpitlae firm analysed invests in the
maintenance stock for its properties, which repressa proxy for quality. The higher
the quality, the higher the lease rates the firltects. Three different types of firms are
considered: A restricted borrower, which follows timvestment strategy followed by
an unlevered firm. An unrestricted borrower wittedgockets, which follows a policy
of equity maximization, and it defaults when equdlders are unwilling to provide
extra funds (when the market value of equity isogxeAn unrestricted borrower with
empty pockets, which has limitations in accessxieraeal capital and can only issue
equity when the value of the unlevered firm is leigthan the debt principal.

The role of two different protective covenants isoaanalysed. One covenant
requires the maintenance of a minimum quality lewehd the other limits the
distribution of dividends until repayment of the mgage used to finance the
investment.

For the case where protective covenants are alibeninrestricted borrower has an
incentive to underinvest relative to the restricteatrower, essentially because the
former has a larger margin for adjusting the investt levels in the future. Higher
investment flexibility is found to increase the agg costs of debt. However, the loss in
firm value due to agency conflicts is still relaly small, and in most cases represents

less than 1% of the unlevered firm value. Changesshort term rates do not

% In this model, there is a clear interaction betwt distribution of cash-flow and the underinwest
incentives. They are two sides of the same contesthe authors do not model the possibility tairet
cash. The cash-flows generated are either investedistributed and the coverage ratio is measured
deducting investments. The question is which effeatore dominant. Is it the need to keep the ayer
ratio high that induces a higher distribution osledlows, thereby reducing the ability of the fitm
invest or are the incentives to underinvest, gitlem higher credit spreads, which allow the firm to
distribute more cash, delaying distress but acagfey default given the lower value of the firm.
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significantly influence agency costs, however, asgl term interest rate increases
agency costs are also expected to increase.

When protective covenants are considered, the emxeiorcing the borrower to
maintain the initial quality level of the propemyas found to substantially reduce credit
spreads. However, both this covenant and the covdinaiting the distribution of cash
induced a substantial overinvestment relative te tastricted borrower. In some
situations, these covenants actually increase rrakta decrease the agency costs of
debt, which no longer result from an underinvestmgmblem but from a severe
overinvestment problem.

Most authors have disregarded the possibility sindiestment. Protective covenants
prohibiting the sale of assets are easily enfoleeamnd for debtholders, the collateral
value of the assets-in-place is usually assumdzketeery important. One exception is
Moyen (2007). It considers that the value of thenfis subject to random income
shocks and five different scenarios are analysaded different investment policies are
considered. The first one regards an unlevered. fiine second one regards a levered
firm that maximizes the value of the firm. The thione regards a levered firm that
maximizes the value of the equity of the firm. arch levered policy, two different
types of debt maturity and debt coupon rates ansidered. A short-term variable rate
debt issue and a long-term fixed rate debt isshe.agency costs of debt are measured
as the difference between the value of the firntofaihg the first and second-best
investment policies. Remarkably, the impact of thierent types of maturity and
interest rates on agency costs is found to be sreaif®.

Morellec and Smith (2007) assume that the riskhaf investment opportunities
differs from the risk of assets-in-place. Additilpaa limit of positive NPV investment
possibilities is defined, above which the returhadditional investment for the firm are
negative. Morellec and Smith (2007) analyse theaichf risk management on the
incentives of managers to overinvest, since masagee able to benefit from
investments even below the zero NPV threshold. cAigh there is no explicit

modelling of conflicts between equityholders andttielderé’, the results show an

%9 As a percentage of the second-best firm the ageostp amount to 4.5% in the long term debt cade an
5.2% in the short term variable debt case.

% There is only one investment policy and equitykaédcan only contract financing and hedging
decisions. However, equityholders can chose from @inthree different financing policies, all-equity
partial debt financing and partial debt financinighvan efficient hedge.
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increase in firm value when an efficient hedgeniplace, due to the efficient control it
enforces on the incentives of managers to overtravas equityholders to underinvest.

4.2.2. Options to invest with discrete flexibility

This line of research also did not, initially, imporate agency conflicts. Mauer and
Triantis (1994) model an investment option in anfiwith operational flexibility, and
with the option to shutdown and resume operatiding price of the commodity this
firm produces is uncertain, following GBM, and #fle operational and investment
policies aim at maximizing the value of the firnh.cbnsiders a dynamic multi-period
model, where the value of the firm derives entifetym its future growth possibilities.
The impact of debt financing in firm value is died between purely debt financing
effects (such as bankruptcy costs, tax shieldsecapitalization costs) and operational
effects. The operational effects are determinedheydifference in value between a
levered firm following an optimal levered operatimplicy, and a levered firm
following the unlevered firm optimal operating pmyi

Under these assumptions, Mauer and Triantis (1%ww that the corporate
financing policy influences investment and opemtdecisions, and consequently the
value of the operating firm. However, despite therating value of the firm is sensitive
to changes in the financing structure, the ovampact of the financial policy upon
firm value is found to be very low and almost imsfggant. Even though the levered
firm generates additional income via interest tduelsls, this positive effect is
significantly reduced by recapitalization and atijusnt costs, and more importantly, by
overinvestment costs. The relatively low net impafctebt financing is explained by
the trade-off between the tax shields positiveaffand the fact that this encourages
earlier exercise of the real options causing ovestment costs.

Mauer and Triantis (1994) analyse the impact ofngea in several of the
parameters of the model, such as operating adjastoosts (the cost to shut-down and
resume operations) and recapitalization costs @assuing debt). They show that firm
value increases as operating adjustment and ratagiton costs decrease, which, in
turn, increases the debt capacity of the firm, Hredvalue of the interest tax shields.
This occurs because, as these costs decreaseydium increases and firm volatility
decreases. So, to some extent, operational andcfalaflexibility may be seen as
substitutes, because they have similar impact nm fvalue. Increased financial or

47



operational flexibility also has a similar impaat the investment decisions. In both
cases, additional flexibility (represented by loweperating adjustments and
recapitalization costs) reduces the value of wgitminvest, by increasing the value of
holding the underlying asset, and acceleratesestment decision.

Under all the simulations performed, they found tha impact of debt financing in
terms of firm value is found to be relatively insificant. This conclusion gives
relevance to Modigliani-Miller theorem, since Mauand Triantis (1994) have
significantly relaxed their assumptions. One aspgbat Mauer and Triantis (1994)
leaves out concerns possible agency conflicts tvezjuityholders and debtholders,
since these authors assumed that protective cotgendetermining that the policies
followed would aim at maximizing the value of therf, could be written and enforced.

Mauer and Ott (2000) follow a similar proceduretite one present in Mauer and
Triantis (1994), but include the impact of agenoyfticts. However, it analyses, in a
classical ROA setting, agency conflicts concerniimgexercise of a perpetual American
option to invest, while Mauer and Triantis (1994psidered an option with a finite life.
It is defined a first-best investment policy, whittaximizes the value of the firm, and a
second-best investment policy, which maximizesvéilae of the equity.

Mauer and Ott (2000) analyse a levered firm witbess in place holding an option
to expand its existing production capacity (by angenously given coefficient). The
investment in the expansion option is financed hyadditional equity issue, which
causes a conflict between equityholders and egistadebtholders. Therefore,
equityholders have an incentive to delay investmient classical Myers’ (1977)
framework. The agency costs are analysed at thenalptlebt level and decomposed
between their operational and financial componértts. estimated agency costs of debt
for the base case parameters represent 2.2% ofvidoe. These agency costs are
essentially financial costs - loss of interest salelds and increased bankruptcy costs -
because the operational component in the secorndsbésy is actually closer to the
unlevered cagé

Later, Mauer and Sarkar (2005) follow the procedar®&auer and Ott (2000), but
change the nature of the firm considered and tientiing of the growth option. Mauer
and Sarkar (2005) consider a firm that does noe lzany assets-in-place, and only holds

“! The difference between the investment triggerthinunlevered and levered second-best investment
policies is smaller than the difference betweenitivestment triggers in the unlevered and levened f
best investment policies.
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an option to invest. The investment is partiallyaficed by a commitment loan, which
shifts the focus of the agency conflicts betweenitgfolders and existing debtholders
to equityholders and new debtholders. The conflartalysed in Mauer and Sarkar
(2005), relate to both Jensen and Meckling (197@)Myers (1977), but are somewhat
different from them. The conflicts differ from Jemsand Meckling (1976), because
equityholders do not have the possibility of chaggio higher risk projects. They are
able to invest at price levels where the risk dadk is higher, and thereby transfer the
increase in the risk of default to debtholders windtaining the upside potential. In this
sense, the incentives in Mauer and Sarkar (20@Bgsent the opposite problem to the
one analysed in Myers (1977). Instead of delaymgs$tment, in order not to suffer a
transfer of wealth from equityholders to debthasdezquityholders decide to invest
earlier, because they are able to capture somahwiea debtholders. Since the terms
of a commitment loan are agreed upon at time zand, do not change afterwards,
equityholders are free and willing to invest at éswalues of the underlying, because
they can partially transfer part of the risk ofaldt to debtholders.

The estimated agency costs of debt for the base gammeters represent 9.4% of
firm value. Approximately half of these agency soate operational costs, and the other
half represents a loss in the net benefits of fiehcing.

In both models, the agency conflicts significantiguce the debt capacity of the
firm. As the debt ratio increases so do the agerosgs, and the debt capacity in the
second-best investment policy is always lower tinahe first-best investment policy.

Jou and Lee (2004) set up a similar model to Mauner Sarkar (2005) but solve it
by using dynamic programming (risk adjusted valratmethod) instead of contingent
claim analysis. This is the only paper that usesh s methodology when analysing
interactions between investment and financing dmtssin a ROA framework, but te
analysis is performed at the moment the investroption is exercised, and not at time
zero, as it is common. They also define two diffiéiavestment policies. In a first-best
policy the investment and financing decisions o&arultaneously, while in a second-
best policy they occur sequentially. Firstly, tivenfdecides the optimal amount of debt
financing and then it decides when it is optimalrteest. Jou and Lee (2004) observe
evidence of Myers (1977) debt overhang problem. &éi@x, the debt overhang does not
reduce the value of the firm, but it increaseslritthe second-best policy, the debt

capacity of the firm is higher.
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Parrino and Weisbach (1999) considered the simp Nile for a firm with assets-
in-place and where the investment is financed wibht. The investment decision is
similar to a European investment option expiringtiate zero. Therefore, the firm
weights the decision to invest now with the decisid not investing at all. Parrino and
Weisbach (1999) measures the distortions createdohfificts between equityholders
and debtholders as the difference between the mmimate of return required for the
project to be accepted by equityholders, and thermim rate of return required for the
project to be accepted by equityholders and detinslalike. It shows how levered
equity maximizing firms have the incentive to tuawn positive NPV projects with
stable cash-flows, and to accept negative NPV pt®jwith risky cash-flows. These
agency problems are found to increase with leverafeen the correlation between the
cash-flows of the investment opportunity and thsheflows of the assets-in-place is
high, overinvestment tends to occur, and when treetation is low, underinvestment
tends to occur.

Childs, Mauer and Ott (2005) developed a model wth stochastic processes,
where there is uncertainty in the value of the @sseplace and in the value of the
assets underlying the investment opportunity. Tladgwed for the simultaneous
possibility to expand or to risk-shift, by consimhgr different characteristics of the
assets underlying the investment possibility. Tlaéso considered the possibility to
partially finance the investment with the sale opraportion of the assets-in-place,
creating a wide set of scenarios. These scenaimgerfrom simple growth, when the
assets underlying the investment possibility araaédo the assets-in-place, to the
extreme case of asset substitution, when the assdeslying the investment possibility
differ from the assets in- place and investmergnsrely financed with the sale of all
the assets-in-place.

The authors consider two different investment pedica first-best policy, which
maximizes the value of the firm and a second-bektyy which maximizes the value of
the equity. The agency costs represent the diféerdretween the values of the firm
under these two alternative policies. Childs, Maareat Ott (2005), find that, in the pure
expansion case (no portion of the assets-in-placexchanged when the option is
exercised), there is an incentive to underinvebtlenn the pure substitution case, there
is an incentive to overinvest when the assets Ulyidgrthe investment possibility are
riskier than the assets-in-place. Similarly to phevious work analysing agency
conflicts, with the exception of Jou and Lee (20038hilds, Mauer and Ott (2005)
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predict that agency conflicts between equityholdamd debtholders reduce the debt
capacity of the firm. Additional real flexibilitysifound to exacerbate the opportunistic

behaviour of agents, widening credit spreads addaiag the debt capacity of firms.

4.3 Final aspects concerning agency conflicts

The review performed in the present chapter higitdig the fundamental aspects of
the linkage established between investment andding decisions under ROA. The
analysis of empirical research in the area allowesd validation of such relationship
analysis. The theoretical models reviewed the depassibilities for the present
research. In fact, one of the models analysedsetlthe basis for the present research.

In the next chapter, our attention will now turntte analysis of competition in
investment decisions. Therefore, in the next chapteeview of such analysis will be

performed.
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5. COMPETITION UNDER REAL OPTIONS ANALYSIS

Real options games represent the integration ofarmegtheoretic approach to
competition under ROA. It departs from the obseovathat operational flexibility
present in investment opportunities might be shdretiveen firms and therefore,
subject to competition. It is a recent field ofeasch, but it is an emerging one due to its
relevance in the analysis of competitive behavand capital budgeting decisions.

In the present chapter, we perform a review of riimst relevant developments
under this field of literature. An initial contexlization of game theory and its most
significant advances shall be done. Afterwards,eacdption of the most relevant
concepts in the analysis of a game will be set,faradly, a review of the most relevant

developments in real options games concludes theteh

5.1 Game theory

Game theory is the approach by which interacticetsvéen interdependent players
can be studied and understood. It is, therefore, airnthe most useful tools whenever
any firm’s actions are dependent on what its coitgrsetwill do. The main principle
underlying game theory is that those involved iratsgic decisions are affected not
only by their own choices but also by the decisiohsthers.

In the present section, we will present the initredoretical insights that allowed the
appearance of game theory as well as the mosttrdegelopments that reinforced its
relevance to social sciences in general and toagoantheory in particular. Afterwards,
there is a brief description of the main aspecs #ine necessary in order to characterize
a game. We conclude this section with a descrippbrthe most relevant games

followed by examples of the most relevant ones.
5.1.1 Theoretical foundations of game theory
The first studies of games in economic literatue lgack to Cournot (1838),

Bertrand (1883) and Edgeworth (1925). These stddmssed on the conditions behind
the definition of the equilibrium conditions under oligopoly market structure. In fact,
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they were directed to the determination of the goramd quantities produced in an
oligopoly market. However, these studies did naiseaa great impact in economic
literature at the time and, as a result, the gatessribed there were not diffused in a
large scale throughout economic literature.

Therefore, in reality, the starting point of the theamatical theory of games is
generally attributed to the work published by Voaushann and Morgenstern (19%4)
They introduced the extensive-form and normal-foepresentation of a game, defined
the minmax solution and showed that such solutiast® in all two players zero-sum
games where the interests of the players weretlgtopposed. Von Neumann and
Morgenstern (1944) interpret the rational choiced social events through models of
strategic games. Given a set of options, agents tiad strategies they consider most
advantageous as a function of probability calcang utility maximization. The work
introduced the notion that conflicts of interestalld be analyzed mathematically and
introduced the methodology to do so.

It was followed by Nash’s (1950a and 1951) equillibr perspective under non-
cooperative competitidni that extended the game-theoretic analysis to eoo-gum
games. Nash equilibrium corresponds to a set ofiatiytconsistent strategies. Under
such strategies no agent would be better off byging their action. The action was
defined by reaction to their competitor's actiombe competitors won't also be better
off changing their actions, defined according tgoemtations on the competitor's
reactions. A stable solution is thus achieved fog bverall game, since no one
possesses an incentive to change its action. Tigian is a generalization of the
equilibrium presented in Cournot and Bertrand dredstarting point for most economic
analysis under this perspective. Shortly after,INA®50b and 1953), Shapley (1953) e
Gillies (1953) developed the equilibrium for coogtere game theory.

Some other developments in this initial period alg worth being mentioned.
Schelling (1956) analysed agents’ behaviour undetesal negotiation and Aumann
(1959) studied agents’ behaviour under an infingeetition of the same game. Later,
Selten (1965) applied Nash equilibrium to dynansiegquential games, and Harsanyi
(1967) applied it to incomplete information gamesiaing its application to a wider
scope of market structures. Later still, Selten78)9and Kreps and Wilson (1982a,

2 Their work, entitled “Theory of Games and EconorBighaviour” was the consequence of the first
studies by Von Neumann concerning this subjedténniid twenties.

3 For this type of games, it is worth mentioning #mpearance of the “prisoner’s dilemma” attribuied
Tucker in an unpublished paper in 1950.
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1982b) further analysed the impact of incomplefermation in repeated games. The
trembling hand perfect equilibrium and the seq@ngiquilibrium concepts are the
notions developed that enlarged the equilibriumspectives. Other developments
refined the initial Nash equilibrium concept und#fferent perspectives, restricting
even further the scope of analysis. Myerson (19#8sented the concept of proper
equilibrium, developing the trembling hand equilion. Aumann (1974) presented the
notion of correlated equilibrium as a more gengeispective when compared to the
Nash equilibrium concept. Maskin and Tirole (198¥sented the Markov perfect
equilibrium as a set of strategies that form a aunbg perfect equilibrium but under
which each player move is determined by the otleygos last move, but not by other
moves prior to the lat

The application of game theory to economic analysiallowed a better
understanding of competitive interaction under rearktructures where imperfect
competition is present. The developments referrdsbv@ made possible the
establishment of sub optimal equilibrium under sowrket conditions. The scope of
microeconomic theory is thus redefined under teis approach.

The application of game theoretical approachesmpeifectly competitive market
structures is performed through consideration ohesgredefined strategy from the
firm. Traditional perspectives, such as Cournotitded or Stackelberg gained a new
insight under this approach. They set forward thatesgy the firm adopts towards their
competitors actions reaching Nash equilibrium. Seghilibrium is reached in a price
quantity relationship. Therefore, game theory esstudy of strategic decision making.

5.1.2 Game characterization

Having performed a brief review of some of the madevant developments in
game theory, it is now time to define the main atpéhat are relevant to define the
setting under which a game can be played. In #gan, we describe the most relevant

characteristics present in games.

“Hence the term Markov, due to the inexistencenwdrhory” in the players moves.

> Other initial relevant fields of application arelitical science, philosophy, and insurance, foaregle.
Nowadays, its use has been spreading in many diffesocial sciences, but also in other relevaiddief
research.
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5.1.2.1 Cooperation between players

The existence or lack of cooperation between ptayea game completely changes
the way a game is played. Therefore, it completbgnges the conditions under which
equilibrium is achieved.

A cooperative game is a game where players putseie $elf-interest but have
incentives to cooperate with other players. Naltyrahat cooperation is beneficial to
them. Players can communicate and negotiate, bairlg to celebrate binding
agreements, pool their individual agreements awiistrébute the total in a specified
way. Under this type of games, players can cootditiaeir strategies and share the
payoff that results from such coordination. A coali is a subset of the set of players
which is formed in order to coordinate strategied 8o agree on how the total payoff is
to be divided between those players. A coalitioargatees that each player gains at
least as much as if they would gain if playing wndually. The problems arise
whenever stability is not present in the coalitidoemed. The equilibrium concepts
developed for this type of games try to definedbrditions under which such stability
can be found.

In a non-cooperative gaffeit is assumed that players cannot make a binding
agreement. Communication can be made prior to ¢éiginhing of the game, but is not
possible or it is imperfect after the game staftkerefore, each non-cooperative
outcome must be sustained by Nash equilibriumegraes. The principles under which
such type of games reach the equilibrium are thst madevant developments depicted
in the previous section of the present chapter. thik subsequent equilibrium
perspectives that followed Nash equilibrium areegsally focused in non-cooperative

games, since such type of games are the most n¢lemas to economic thedfy
5.1.2.2 Information Set

The information set is the information availableaagiven point in the game. It
contains all the possible moves that could havertaglace in the game, up to a
particular time, according to what a particularygiahas observed. Therefore, it is the

knowledge that a player has when taking a particigaision.

“6 Non-cooperative games are also called competifaraes.
4" At least, for the purpose of the present disseriat
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The definition of the information the players passat any given point in time is a
crucial element in the specification of a game.Sudormation influences decisively
the strategies the players might choose.

A perfect information game is a game where the gggywhen taking an action,
know everything that has happened in the game tpatgpoint. Therefore, these games
are the simplest ones. Under perfect informatienptlayers know all previous decisions
of all the players in each decision node previaushe one they are at. A game of
imperfect information is, by contrast, a game whigre players do not know all the
previous decisions the other players have taken.

A complete information game means that the compéttecture of the game,
including all the actions of the players and thesgigde outcomes, is common
knowledgé&®. In real-life, most of the time, it may be uncléarach firm where its rival
iIs at each point in time and so the assumptionoofiptete information may be not

realistic¢®®.

5.1.2.3 Order of play

The order of play concerns, essentially, the timofidhe player's moves, but not
necessarily so. Although by timing, it must be dotieat we refer not to the temporal
order of play but whether and when players knowualmther players’ actions, when
choosing their own actions. Therefore, the natdréghe game, in what concerns the
order of play, is intimately connected to the imf@tion set available. Sequential-move
games are games in which the players choose tinaiegies one after the other. This
type of games can relate to perfect information ganSimultaneous-move games are
games in which the players choose their strategjiéise same time. This type of games
can relate to imperfect information games. Howe\erdistinction must be made
concerning the link between order of play and infation set. The characterization of
simultaneous-move games presented implies thatiel games are games of imperfect

information, but in fact, games where some moves samultaneous and other are

“8 The distinction between incomplete and imperfafrimation is somewhat semantic. For instance, in
research and development investment games, firrgshange incomplete information about the quality or

success of each other’s research effort and imgtenfdormation about how much their rivals have

invested in research and development.

91t is quite common that a firm, before an investindecision, is uncertain about the strategic
implications of its action, such as whether it wildke its rival back down or reciprocate, whetkerival

will take it as a serious threat or not.
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sequential are games of imperfect information (desfhe existence of sequential
moves). This is so because at least in one move thas a lack of information for a
particular player. Games of perfect information aj@mes where no moves are

simultaneous (and where no player ever forgets Wasithappened before).

5.1.2.4 Output

The output of the game represents the payoffsdbetue to the players. It is the
increase in utility that players derive from playithe game. Such utility can be
achieved totally at the expenses of the other @paints or in spite of the other
participants in the game.

Constant sum games are games where the total suhe dienefits from all the
participants in the game is constant. What oneeplayins is equal to what the other
player looses. The most relevant of such type afagis the zero-sum game. In this
type of games, the total added value of the playbenefits is equal to zero. If one
player wins the other player looses. On the coptriarvariable sum games, the added

value of the player’s benefits is not constant.

5.1.2.5 Representation

A game can be represented in a normal-form or iexansive-form, although for
some games, one of the two forms is more convemgrthe analysis. In the normal-
form representation, each player, simultaneouslyposes a strategy, and the
combination of the strategies chosen by the plagetsrmines a payoff for each player.
The extensive form representation of a game spsctfie players in the game, when
each player has the move, what each player can each of its opportunities to move,
what each player knows at each of its opportuntbemove, and the payoff received by

each player for each combination of moves thatdcbel chosen by players.

5.1.3 Game parameters

In this section we present the main parametersatl@aw the complete definition of

a game.
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The players are the individuals that take the astim a game. The goal of each
player, under the assumption of ration&fifys the maximization of its utility. It takes
the actions that are best suited to achieve suah bature is not a player, but it takes
random actions that have to be considered by alpthyers in the game. The games can
be played by, at least, two players. This typeashgs is the most common one.

Actions, or moves, correspond to the choices aeplayan take. It is the best
response to the other player’s actions.

Strategies are the definition of the rules thdteath player which action to choose
in a particular time of the game, given the infotiora set that it possesses.

The payoff corresponds to the utility obtained byglayer after all the players and
nature has played their strategies and the gamedleftds also the expected utility for a
particular player as a function of the strategiessen by all the players in the game.

The result of the game represents the set of elentleat is relevant after the game
has been played. It allows the establishment o€losions related to a particular game
concerning the actions taken, the payoffs achieratlall other relevant variables after
the game ends.

Therefore, the description of the game must inglualeleast, the players, the
strategies and the payoffs. Apart from that, ttay@is, the actions and the results of the
game constitute the rules of the game. The objedsito use the rules of the game in
order to determine the equilibrium. According tockuand Raiffa (1957), the elements
of a game are:

1. The game: A conflict of interests situation amorfgqnae number of participants

2. Each player chooses a strategy among a set oégiat

3. The choices are made simultaneously, without olasenv of the other player’s

choices and without response B.it

4. The combination of the strategies chosen produaesdt that is evaluated by

each player according to its own preferences.

In game theory, the players (firms) are rational possess a set of options available
to them, the strategies. The expected result fqradicular player, his payoff, is
dependent on his moves and also on the moves afthiee players in the game. The

0|t is also assumed that such rationality is knaevall the players in the game.
*1 This is true only for simultaneous games.
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interaction between the players, which execute thwn strategies, is the game. If the
end result of all the player's moves is stables ¢alled the solution for the game.

5.1.4 Equilibrium of the game

The equilibrium of the game is a set of stratedied results from the adoption of
the best individual strategy by each player. Adfettrategies is the equilibrium of the
game if each player maximizes its own payoff. Thestirelevant equilibrium concept
for non-cooperative games is the Nash equilibrium.

Nash equilibrium occurs whenever each player'desgias are a best response to the
other players’ strategies. It is the most commardgd solution concept in game theory.
In fact, if there is a set of strategies with threpgerty that no player can benefit by
changing its strategy while its opponent keepstitategies unchanged, then that set of
strategies and the corresponding payoffs consta@utéash Equilibrium. This notion
captures a steady state of the play of a stratgayice in which each player holds the
correct expectation about its rival's behaviour aots rationally. The alternative, yet
complimentary, notion of mixed strategy Nash eguilim is designated to model a
steady state game in which players' choices aredat#grministic but regulated by
probabilistic rules.

At this moment, it is also relevant to introduce ttoncept of subgame. A subgame
is part of a game. According to Friedman (1991paturs from a certain stage of the
initial game until its end and possesses all thailive characteristics of a game. A
subgame always starts at a single decision nodea@mdins all the subsequent nodes.
Furthermore, if it contains part of an informatiset, it will contain all the nodes of
such information set. Therefore, a set of stragege a subgame perfect Nash
equilibrium if the strategies of all players conhdg Nash equilibrium for the entire
game as well as for all the subgames of such game.

The subgame perfect Nash equilibrium is extremelgvant in perfect information
sequential games. In fact, when players make tteices, supported in all previous
choices that happened in the game, it is expediat those choices are the best
responses for the subgame that is to be playedwBen it is necessary for a Nash
equilibrium to be also an equilibrium for all thebgames present in the initial game,
we have to assure that that particular set ofegjres is the best response in all possible

situations.
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Finally, it is also worth being mentioned the cqgriceof a Bayesian Nash
equilibrium. It is the Nash equilibrium of the Bayen version of the gamfethat is, the
Nash equilibrium that we obtain once we take irdastderation not only the strategic
structure of the game but also the probability rdistions over the firms' different
(potential) characters or types.

Other, and more refined, notions of equilibriungames do exist. However, they go
beyond the scope of the present research andfdheréhere is no need to refer to them

in this review.

5.1.5 Applications (Examples)

As a conclusion for this section we must mentiomagarticularly important games
that are relevant to the analysis to be perfornmethé present research, namely the

prisoner’s dilemma, Cournot and Stackelberg games.

The prisoner’s dilemma:

This game constitutes one of the most well-knowmeaheoretic problems. It
departs from the assumption that two men are iroped accused of a crime. The law
predicts different penalties according to the b&havof the prisoners. If both prisoners
(players) confess (cooperate) they will be impresbrior 5 years. If one confesses
(cooperate) and the other doesn’'t (doesn’t coopgrtte one that confesses is set free
and the one that doesn't is arrested for 10 ydian®. one confesses (doesn’t cooperate)
they will be both imprisoned for 1 year. What ig thest rational behaviour? Should the
prisoners confess or remain silent?

The outcomes are best represented in normal fopresentation. The following

table represents the situation of the game:

%2 A Bayesian version of a game consists of a fiséeof potential types for each player, a finiteafe
perfect information games, each corresponding te ofthe potential combinations of the players'
different types and a probability distribution oweiplayers' type (reflecting the beliefs of its opents
about its true type).
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Table 5.1: The prisoner's dilemma

Strategies Doesn’t Cooperate Cooperate
Doesn’t Cooperate -1,-1 -10, 0
Cooperate 0,-10 -5,-5

Source: Adapted from Filipe (2006)

Each player evaluates his two possible actionsdmyparing their personal payoffs
in each column, since this shows which of theiroast is preferable, just to themselves,
for each possible action taken by their partnereWéver one action for a player is
superior to his other actions for each possibleadby the opponent, we say that the
first action strictly dominates the second oneislitlear that each player possesses a
dominant strategy. In the prisoner's dilemma, theanfessing strictly dominates
refusing for both players. Both players know thisoat each other, thus entirely
eliminating any temptation to depart from the styidominated path. Thus both players
will confess, and both will go to prison for 5 yeat.

It is still worth being mentioned that the solutiachieved for this particular game
constitutes also a Nash equilibrium. In fact, bpthyers choose not to cooperate
because each player could not be better off by gihgnhis decision. This is in
accordance to the Nash equilibrium concept. Howeter not an efficient equilibrium,
since both players could be better off if they doafjree not to cooperate. Therefore, if
one could enforce players to collude, the overadlult of the game would be more
efficient.

The prisoner’'s dilemma possesses many useful apiplics in practice. For the
purpose of the present research it must be higielighs usefulness to the definition of
prices in oligopolistic markets or to the decisafrentering a market. When faced with
outputs similar to the ones presented in this exanfpms must decide in accordance

to the solution presented in this section.

Cournot®

%3 If player Il (column) confesses, then player h¢l) gets a payoff of -5 by confessing and a paybfl0

by refusing to cooperate. If player Il refuses tmperate, then player | gets a payoff of 0 by cesifeg
and a payoff of -1 by refusing to cooperate. Than&fplayer | is better cooperating regardless laditw
player Il does. Player Il, meanwhile, evaluatesauons by comparing his payoffs down each row, an
comes to exactly the same conclusion that plagees.

** The notation and formulation presented is adafsted Filipe (2006).
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This game represents the determination of the giemnto be produced by twWd
identical firms, with homogeneous products and wli objective of maximization of
their profit, given by the difference between reves and expenses. As such, the reward
by participating in the game, for each firm, isegiby:

7 =RT -C,

(5.1)

Where 7; represents the reward (profitRT, represents total revenues afg

represents total costs for a particular firm asdL,2.

The function that represents the revenues for 8anhs given by the price of sales

times the quantity sold. The function is therefohe, following:

RT, = p(a)xq, =[A-b(q, +a,)la, = Aq, -bq? —ba,g, (5.2)
And:
RT, = pa)xa, =[A-b(g, +a,)]a, = Ag, ~bgZ —ba,d, (5.3)

Wherep(q) is the market price for that particular quantigyis the total quantity
produced and sold in the markét,andb are constantsy; andq, are the quantities
produced and sold by firms 1 and 2. The functiat tepresents the costs of the firms is

given by the following expression:

C =cq (5.4)

In which ¢ represent a constant higher than zero. With thigi ser of functions,

we have the following expressions:

7, = Ag, — bt —bagyq, —cq, (5.5)

%5t can also be applied to more than two firms.
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And:

7, = Ag, —bag; —bag,q, —cq, (5.6)

It is now necessary to maximize the function tlegiresents the profit of each firm

(being that the objective of each firm). That résut the subsequent expressions:

O _ A~ 2bg, ~ba, —c=0 (5.7)
o
And:
O, _ p—bg - 2bg, —c=0 (5.8)
aq,

These maximization conditions result in:

A-bqg; —-c
== 59
o b (5.9)
And:
A-bg’ -c
== 5.10
d, 5 (5.10)

Whereq;® represents the quantity produced by each firmchvisorresponds to its
expected production. Therefore, we obtain the guesithat allow profit maximization

for each firm given the expected quantities of ttiwal firm, the reaction functions for

each firm. A firm chooses the quantities to prodtlea maximize its expected profit

based on the expected production of the other firherefore, the quantity to produce

corresponds to the best response to the expecteslaeof the other firm. In order to
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achieve Nash equilibrium, it is necessary thatghantities that each firm chooses to
produce correspond to the expected quantities éyother firms. No firm would be

better off by changing their production. So, thikofeing equalities should be achieved:

. A-cC
=— 5.11
% = (5.11)
And:
. A-cC
=— 5.12
a, B (5.12)

These are the production quantities that correspomiash equilibrium.
Stackelberg®:

This classical model is also an oligopoly modelwdwoer, under this setting, firms
choose their quantities sequentially. One firm, ldader firm, chooses the quantity to
produce prior to the other firm, called the follow&he leader possesses an advantage
and can, therefore, determine total productiom@ibhdustry and limit the production of
the follower to the quantity that maximizes its opnofit.

The payoff function of the leader is given by th#etdence between revenues and

expenses, as in the following expression:

7, = RT, -C, = p(a)xq, - cq, = Aq —bg; —ba,q, - cq (5.13)
And:
7, =RT, -C, = p(g)xq, -cq, = Ag, —bgZ -ba,g, - cq, (5.14)

We can also establish that the prices and the ptmstucosts (for each firm) are

given by:

* The notation and formulation presented is adafsted Filipe (2006).
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pla) = A-blg, +a,) (5.15)
And:
C =cq (5.16)

Therefore, the follower assumes the quantity preduay the leader and maximizes

its profit by the maximization of its own profittigtion as in:

o7,

=A-2bg -2bg,-c=0 (5.17)

d.

As a result, the reaction function of the follovier

A-bg, —c
= L~ 5.18
6 = (5.18)
Knowing this reaction, the leader firm maximizessatvn profit by:
ﬂleql—bqf—bqlm—cql (5.19)

2b

With this framework the following equilibrium prodtion quantities are achieved:

« _ A-cC

= " 5.20
o4 = (5.20)
And:

A-cC

€ =__ - 5.21
o= (5.21)
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Analysing the results, we have to conclude thateéhder profits are higher than the
ones obtained in the Cournot model, but the follop®fits are lower than the ones
obtained in the Cournot model. However, these tesaile in accordance with the
anticipation, by the leader firm, of the reactiondtion of the follower. This is achieved
through backward induction. The result obtainedl$® Nash equilibrium since no firm

is better off by unilaterally changing its prodectiquantities.

5.2 Real options games

Although corporate planners often recognize thestmal importance of strategic
considerations in investment decisions, it hasl wetiently been unclear how strategic
behaviour could be integrated with the contingéaiht techniques employed in the real
options literature. In fact, investment decisiome quite often very complicated and
there is the intuition that, to improve the likeldd of deciding for a better outcome,
firms must take into account, not only their ownjealives, actions and possible
strategies, but also the economic environmentshiiclwthey operate. The combination
of real option and game theories constitutes aaaive and promising framework to
bring more sophisticated models to investment amalyNext, we present a review of

the most relevant contributions about this fielditefrature.

5.2.1 General approaches

The first reference found in the literature thdates competition and the analysis of
investment opportunities with operational flexityilcan be found in Kester (1984). He
considered a finite maturity to real options beeaatthe entrance of a competitor in
the market that dilutes option value. Shortly affergeorgis (1988) complemented this
view referring that real options can be proprietaryshared. Later still, Trigeorgis
(1991) modelled competition exogenously in orderidentify major drivers to the
problem. He studied the impact of competition omestment timing using standard
ROA based on GBM. Competitive arrivals may redulce value of a firm's own
investment opportunity by taking away significananket share. Competition in this
context can be modelled in one of two ways, dependn whether competitive entry is
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anticipated or random. Both suggest earlier investmHowever, this framework is
somewhat limited in that it does not explain wha¥es competitors' entry decisions.

After this initial breakthrough, the first approaichliterature combining real options
valuation with game theory concepts can be foun8nrets (1991). It is a duopolistic
model, with identical firms that leads to identistlategies. The model is developed in
a continuous-time framework and has proven thagnelier a competitive advantage of
a firm is not considered, an anticipation of thérapl investment timing exists due to a
first-mover advantage.

Subsequently, Smit and Ankum (1993) also combihedréal options approach of
investment timing with basic principles of gamedtheand industrial organization.
They examined a model where two firms share anstmvent option allowing them to
enter the market for a (fixed) investment outlajreTevolution of the market and the
decisions of the firms competing in such marketcanmecurrently considered by use of a
binomial lattice for the market value and a stratdégrm game at each stage. If a firm
enters first, as “leader”, it grasps a higher miareare in case the second firm
subsequently enters. Unless one of the firms grdepdirst-mover advantage, firms are
assumed to be identical, receiving half of the raatkder simultaneous investment. In
the symmetric case considered, the firms optimatlyose to defer at the outset. At the
next period, they invest simultaneously after armgve but defer the investment after
a down-moveSimultaneous immediate investment is not Paretovgptas both firms
would be better of if they jointly deferred the @stment. For the asymmetric case
considered, one firm benefits not only from a pawpofvantage but also from a strategic
effect, since it preempts the rival firm in thestpte and secures a leader position.

Shortly after, Dixit and Pindyck (1994) proposedc@ntinuous-time symmetric-
duopoly model, simplifying the original work by Stee(1991). An investment
opportunity is available to two firms with each umgng a fixed investment cost upon
exercise.In case of sequential investment, the leader eamosopoly rents after
entering the market and the follower is faced wattsingle-agent optimal exercise
problem. After the follower’'s entry, the firms wilborm a duopoly, each earning the
same amount. For low values of demand the valukeoleader is lower than that of the
follower and no firm entries the market. For intedrate levels of demand, there is an
incentive to invest as leader, since the leadalsesexceeds that of the follower. This
incentive dissipates the first mover advantage idensd. Finally, for high levels of

demand, both firms are operating in the market.iddppremia are positive for both
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firms but the threat of preemption will cause teader to invest earlier than in the
monopoly case.

These initial formulations considered the deciswinether or not to enter in a
market. They further consider entry as a lumpy stvent decision in a setting where
firms possess information about the other firmg¢ sihare the option to enter the market.
However, under this setting, the initial breaktlgbuvas achieved. Relaxation of the
conditions assumed in this pioneering works wagdpieal next step.

So, Trigeorgis (1996) analyses the anticipation gjaimmcorporating such effect in
the trigger value necessary to exercise the optimreby reducing it by the addition of
a positive value to the dividend yiéld Grenadier (1996) used a game theoretical
approach to value real options in real estate naite develops a duopoly model
involving completion delays that provides insiglmso the behaviours of property
developers. Lambrecht and Perraudin (1994) andhesempact of anticipation in the
value and timing of investments in real assets.yThenclude that the optimal
investment is between the value defined by traddgtiacapital budgeting and the value
defined by ROA in a monopolistic context.

Smit and Trigeorgis (1997) used an integrated mgdlons and game-theoretic
framework for strategic R&D investments. They amaly two-stage games where the
growth option value of R&D depends on endogenouspsiitive reactions. In their
model firms choose output levels endogenously aag have different (asymmetric)
production costs as a result of R&D, investmentrigrdifferences or learning.

Huisman and Kort (1999) identify distinct equiliam scenarios. The first one
involves a preemptive investment sequence wherke#uer invests at a point where the
leader and the follower are equal (rent equalipatid second equilibrium scenario
involves tacit collusion with firms agreeing to @st at a later point in time. In addition,
it is assumed that the value increment from leddgers larger than the value increment
received by the follower upon investing. For highlglatile cash flows, firms are
reluctant to exercise early, making tacit colludi&ely to prevail.

Grenadier (1999) analyzes a setting where agentsiwufate option exercise
strategies under imperfect information. The payeffeived upon entry is not perfectly
known to the firms, each receiving an independemape signal about the true

" Fudenberg and Tirole (1985) had already studied effect of "preemption" in games of timing
regarding the adoption of a new technology. Theynsd that the threat of preemption equalizes rents
a duopoly, although such result cannot be extetal#te general oligopoly game.
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underlying value. The firm may infer its rivalsiyate signals by observing their entry
decisions. Grenadier discusses information cascatiese firms ignore their private
information and jump on the exercise bandwagon.

Weeds (2000) examined the impact of completionydeiia the optimal investment
strategies for R&D projects. The firm invests irsgarch with the aim to acquire a
patent giving it exclusive access to a new markghe innovation is successful, the
firm has the option to make an additional sunk &teent to adopt the new technology.
The entire R&D investment opportunity is a compowpdion where the value of the
(first-stage) research option partly derives froime t(second-stage) commercial
investment option. The framework provides a ratianglanation for the existence of
sleeping patents, which are patents granted but ikep stand-by or “sleep” mode.
Policy-makers typically regard sleeping patentsaai-competitive devices employed
by dominant firms to erect entry barriers. Howewelthis context sleeping patents may
arise when options co-exist with completion unaetya

Lambrecht (2000) derives optimal investment stiaedor two symmetric firms
sharing the option to make a two-stage sequentiaéstment, under incomplete
information about the rival's profit. In the firstiage, each firm is competing to acquire a
patent enabling it to proceed to the second comaieation stage. Lambrecht (2000)
derives conditions under which inventions are {jkiel be patented without being put to
immediate commercial use. Sleeping patents are rkedy to exist in an R&D
portfolio when interest rates are low, volatilig/high, and when the second-stage cost
Is high relative to the first-stage.

Boyer et al. (2001) extend previous pioneering Gbations on strategic
investment, most notably Gilbert and Harris (1984)denberg and Tirole (1985), and
Mills (1988). Decamps et al. (2002) investigateithpact of asymmetric costs on firms'
investment strategies, and Thijssen (2002) dissushke problem of investment
decisions under uncertainty and competition.

Weeds (2002) analyzed a patent race among duapalist the effect of competitive
pressure on firms' research activities. Two (symnicjefirms have the opportunity to
launch a R&D project for a pre-determined cost. Ting firm to succeed gains an
exclusive patent, while the other firm is left witlothing. By comparing a competitive
scenario with a monopolistic one, Weeds (2002) kamtes that under competition one
firm starts conducting research when the patentevedaches a certain threshold and the

other firm initiates research later. Whereas inrtta@nopolistic scenario, the larger and
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monopolistic firm starts conducting research latean the follower would do in the
competitive setting. This later result challengesdard antitrust thinking in favour of
joint research ventures.

Grenadier (2002) describes an oligopoly with symmiodirms that can increase
capacity incrementally at any time at a cost pg@acdy unit. Given constant returns to
scale, firms produce at full capacity and sell et tmarket-clearing price. Assuming
symmetric investment strategies, the firms expaingulséaneously and in the same
proportion. Grenadier (2002) formulates the probiera very tractable way and derives
closed-form solutions for specialized cases. Whiee market approaches perfect
competition, option values are getting less valeal@renadier (2002) assumed that
output generation is costless with capacity beinlly futilized (constant returns to
scale).

Lambrecht and Perraudin (2003), assuming that finmge incomplete information
about each other, formulate a full dynamic modeinekstment under uncertainty. In
such model, the first-mover has an advantage andpproach used leads to a Bayesian
Nash equilibrium in which each firm invests stracady.

Murto and Keppo (2002) develop a model combinirgy options and game theory
where many firms compete for a single investmemoofunity. The Nash equilibrium
of the game is characterized under different assiomgp regarding firms' information
about each other's valuations for the project. [Bre(004) uses game theory to address
several problems in finance, arguing that the playalues of the economic agents can
be obtained by using option pricing techniquesetitisg those payoffs into the strategic
games between agents it is possible to analyzeg neatistically, the value of strategic
decisions. However, his methodology is unforturyaseibject to a number of limitations
such as the existence of path-dependent strat®giestrategies which are very difficult
to parameteriz&.

Miltersen and Schwartz (2004) analyze patent-ptete®R&D investment projects
when there is imperfect competition in the develeptmand commercialization of the

product. Competition in R&D not only may increageduction and reduce prices, but

%8 A "path-dependent option" is an option whose pagibéxercise or expiry depends, in some non-frivia
way, on the past history of the underlying ass&tepas well as its spot price at exercise or exgihe
"American option" is one of those cases.

%9 One important step in Ziegler's (2004) methodologgsists in valuing the players' future uncertain
payoffs using option pricing theory where all tHayers' possible actions enter the valuation foamas
parameters. However, for games where players have than two choices at each node the use of these
parameters introduces a high complexity in thewvagion of the players' payoffs as well as in the
computation of the game equilibrium.
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it may also shorten the time of developing the pobdind increase the probability of a
successful development. These benefits to society adfset by increased R&D
investment costs in oligopolistic markets and loveggregate value of the R&D
investment projects.

Smit and Trigeorgis (2004, 2006) give an excelldmerature review and
illustrations about real options games. Shackletbml. (2004) study the problem of
entry decisions by competing firms in a two-plag&rchastic real options game.

Boyer et al. (2004b, 2007) consider, in continutine, a duopoly where symmetric
firms add capacities by lumpy increméfitsThe only possible equilibrium at initial
stages of the industry involves preemptionWhen firms already hold substantial
capacity, tacit collusion may be sustainable asstry equilibrium. Such equilibria are
more likely in highly volatile or fast growing maet€? The possibility of collusion is
more attractive to symmetric firms than to asymmeines

Savva and Scholtes (2005) examine partnershiptefaladeals under uncertainty
and downstream flexibility, focusing on the effaftoptions on the synergy set and
analyzing cooperative and non-cooperative opti®axson and Pinto (2005) derive a
real options model for a duopoly market using twarkastic variables. They show that
the degree of correlation between the two varial#esilts in different value functions
and investment thresholds, especially for the g and in the case where firms
invest simultaneously in a non-preemption game.

Kort and Pawlina (2006) study the impact of investincost asymmetry on the
optimal real option exercise strategies and thaevalf firms in duopoly. They analyze
the effects of firm heterogeneity (asymmetric irmeant costs) on optimal timifig
Three types of equilibria may arise depending am ittegnitude of the first-mover
advantage and the level of firm asymmetry. Cooperatequilibria involving

simultaneous investments obtain for nearly homogsiioms with no real possibility to

0 Boyer et al. (2004b) assume that reduced-formestagfits are the outcome of Bertrand price
competition, whereas Boyer et al. (2007) considaur@ot quantity competition.

®. When firms do not hold any existing capacity, t@cilusion equilibria are ruled out as firms am n
threatened with the loss of any existing rents. Dugreemption, the first industry-wide investment
occurs earlier than what would be socially optirfiedm the viewpoint of the industry participanth)s
distortion implies riskier entry and lower expecteturns.

%2 In such a context, the conventional real optioasult that high volatility leads to investment
postponement gets reinforced by the fact that mighkatility may result in a switch from the preetion
equilibrium to a tacit-collusion equilibrium invahg later investment and higher values.

%3 Dias and Teixeira (2003) and Joaquin and Butle®@} discuss new market models with asymmetry in
terms of production costs. Joaquin and Butler (2@88Ke an open-loop, pure-strategy approach. Dids a
Teixeira (2003) use a closed-loop, mixed-stratggy@ach and prove that Joaquin and Butler's opep-lo
equilibrium obtains for a large cost differential.
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gain a first mover advantage. Preemptive equilijbobharacterized by the fear of
preemption, emerges for mitigate asymmetry. Sedplefppen-loop) equilibria in
which the advantaged firm does not fear preemmiwh invests as a monopolist would
do obtains for large asymmetry (this type of edpilim does not occur in the
symmetric case.) The relationship between firm esland the degree of asymmetry
among firms is not clear-cut, since a higher degfdeomogeneity may give rise to less
efficient industry equilibria for both firms.

Thijssen et al. (2006) consider a duopolistic magqe examine a first-mover vs.
second-mover advantage (in the form of informatsmillovers via option exercise).
Depending on specific parameters, the first or sdgonover advantage may dominate,
leading to preemption or a war of attrition. Itfigther shown that more competition
does not necessarily lead to higher social welfare.

Novy-Marx (2007) extends the analysis for firmshnilifferent initial capacities. At
any point in time the next firm to exercise its ampion option will always be the
smallest firm. Simultaneous investment does notioaad firm heterogeneity results in
a natural ordering of firm investments. Novy-Mag00Q7) also challenges Grenadier's
(2002) assertion that for an increasing numberraid, option values are continually
eroded.

Bouis et al. (2009) extended the analysis in Daxidl Pindyck (1994) by considering
a larger number of symmetric firms having the aptio enter in a new market under
complete information. To derive their main insightey focus on a three-firm case and
provide numerical analysis for larger oligopoli€3onsidering sequential as well as
simultaneous investment decisions, Bouis et al0g2&howed that the partitioning of
the two equilibria hinges on a duopoly rent. Thesttfer showed that the leader in the
three-firm case invests after the leader in duopmiy still before the monopolist.
Therefore, increased competition (three firms nath@n two) actually delays rather
than hastens investméht

In Mason and Weeds (2009) a leader firm might be by the follower's entry, in
the case of a negative externality, or benefit fibnwhenever in the presence of a
positive externality. Therefore, the type of ex#dites impacts the investment
schedule. The presence of negative externalitiehaaten investment compared to the

monopoly benchmark. With no first-mover advantagd ao preemption, the leader

® For larger oligopolies, Bouis et al. (2009) arghbat the number of expected future entrants iscatit
(especially whether this number is odd or even)itinstrate that the accordion effect sustains.
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adopts the new technology at the cooperative trigigent. Otherwise, a preemptive
sequential investment occurs where the followerptgl@arlier than the cooperative
solution.

Huisman and Kort (2009) allow firms to choose oty their capacity, or
production scale, at the time they enter the market low volatility, the follower
chooses a higher capacity than the leader andidpr Volatility the leader chooses a
higher capacity. Compared to the model without capachoice, the monopolist and
the follower invest later in more capacity for higblatility. Conversely, the leader will
invest earlier in a higher capacity for higher vitity.

Novy-Marx (2009) derives Markov perfect equilibriuvautcomes for duopolistic
capacity competition. Two firms with differing irat capacity face isoelastic demand
and an exogenous shock following a GBM. They haagligible operating costs. The
author identifies and evaluates three distinct ldajia: Cournot, shared monopoly and
preemptive preemption. He stresses that the natfo8tackelberg leaders where the
larger firm profitably forecloses the market hingesstatic market assumptions of zero-
growth, no uncertainty, no depreciation and dodsoatdain in more general industry

settings under uncertainty.

5.2.2 Discrete time games

Discrete-time games provide an intuitive introdostio some key insights by the
use of numerical examples. This perspective ieasiimplement and best suited for a
practical application. In this section we shalliesv the most relevant discrete-time
games under real options games.

The initial model developed under this setting Bast and Ankum (1993). Despite
the intuitive presentation of fundamental aspeetating competition with investment
possibilities the framework was not continued uBtihit and Trigeorgis (2001). They
analyzed in discrete-time the trade-offs betweenagarial flexibility and commitment
in a dynamic competitive setting under uncertainlty. fact, they extended the
framework developed in Smit and Ankum (1993) by lakxpng the source of firm
heterogeneity and quantifying the trade-off betweammitment and flexibility.

Smit and Trigeorgis (2001) considered a scenariera/two firms compete in two
different stages of product development. Under #denario, the early exercise of
strategic investments can change later stagesh@beétter. In fact, it can open new

73



market opportunities or enhance the value of tineestment options. Therefore, a firm
can make a first-stage strategic investment pagssiltering the later equilibrium
strategic choices. Firms are initially assumed egquthe second competition stage but
one firm may introduce some asymmetry by making finst-stage investment. Hence,
the initial investment decision requires the firmmvweigh the commitment cost against
the expected future strategic benefits of commitméfor the different possible
investment orderings considered, simultaneous,esgl or singular, it is defined a set
of corresponding market outcomes, Cournot, Staekgllor monopoly. These market
outcomes are used to calculate the final payoftdlowing Fudenberg and Tirole
(1984), the strategic effect of the committingthstage investment depends on the type
of competitive reaction and the nature of the commant. The firm’s investment is
either tough or soft. If firm (re)actions are stgit substitutes (as under Cournot
quantity competition), the competing firm will erggaless for an aggressive action by
the rival firm. Conversely, firms' (re)actions che strategic complements (as under
differentiated Bertrand price competition). Smitdafrigeorgis (2001) construct and
solve four numerical examples illustrating all pbks combinations of competitive
reaction and the investment type. Upfront investniennly optimal for the first firm to
act in the two cases where the strategic effepbmstive. For the cases with negative
strategic effect, the first firm to act should motest. It should benefit from increased
uncertainty as its stage-two investment option bexmore valuable. But at the same
time uncertainty erodes the value of committingttas upfront investment becomes
riskier. Smit and Trigeorgis (2007, 2009) use frnenework to assess R&D strategies
and infrastructure investment decisions.

The original discrete-time analysis by Smit and &mk (1993) considered that
duopolists have perfect information regarding thraials. That is to say, they know
their production cost. This assumption was latéaxed by Zhu and Weyant (2003a,
2003b). They considered that two firms face a sietb linear inverse demand and
linear costs and that one firm has perfect inforomabout the game, whereas the other
firm knows its own cost but not its rival's, possag only a believe about it with a
certain degree of probability. If both firms investultaneously, the firm that possesses
perfect information about the game optimally s&tsoivn output in knowledge of both
costs.The other firm forms expectations about its rivglmntity, selecting a Cournot
quantity. For sequential investment decisions, éffect of incomplete information

crucially depends on the order of the investmemisitens. If the best-informed firm

74



invests first, it may reveal its private cost, tgh its quantity choice, affecting the
quantity decision of the rival and less-informedrnfi On the other hand, if the less-
informed party moves first, no new information &vealed to the best-informed firm.
The analysis in Zhu and Weyant (2003a) focusesrmiesstage decision making, while
Zhu and Weyant (2003b) consider multiple time steps

Finally, Murto el al. (2004) considered a differepérspective concerning the
possibilities to invest. In the previous analyssch firm had a single investment
opportunity. Murto et al. (2004) consider multiéeracting investment opportunities.
Starting with a zero initial capacity, a firm caecttle, at any time, to invest in order to
increase capacity by a lump sum. Investment dewsare sequential with the first
mover randomly chosen. Each investment subgamegsritbed by the current firm
capacities, the level of market demand, and pretemt. The optimal (Markov)
expansion strategies involve investment-inducingaled thresholds and can be derived
using dynamic programming. As these thresholdsirareeasing in a firm's installed
capacity, the smallest firm is more likely to reaxsmall demand shocks by expanding
capacity. Symmetric firms can expand capacity l®ydghme increment size and for the
same investment cost, while in the asymmetric casalyzed, one of the firms
considered invests in smaller lumps for a largeat oash outlay. Despite its higher
investment cost, the firm benefits from the sitoiatsince it can react quicker to changes

in demand.

5.3 Final thoughts on real options games

In this chapter we introduced basic aspects of epéibn and game theory which
are, implicit or explicitly, used in the real optienodels that consider the interactions
between firms. We illustrated the effect of comipati on the value of an investment
decision and how the recognition of this fact bym8 can change drastically the
dynamics of their investment decisions. These nwdeherally assume that the value
of the investment is treated as a state variakdé fihllows a known process. In the
majority of the models, time is considered infin@d continuous. However, the
advantage of discrete-time models is relevant lier gurpose of the present research.
The investment cost is sunk and fixed and the nurobérms (players) holding the
option to invest is usually two (duopoly). The fecof the analysis is the derivation of
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the firms' value functions and their respectiveestment trigger values, under the
assumption that either firms are risk-neutral cattthe stochastic evolution of the
variables underlying the investment value is spdnhg the current instantaneous
returns from a portfolio of securities that can traded continuously, without
transaction costs, in a perfectly competitive apitarke?®. In addition, the investment
game is usually played sequentially and treatesl "ame-shot game" and the market for
the project, underlying the investment decision,cassidered to be complete and
frictionless. In the games considered, in accordaitc the legislation that defends
competition, cooperation between firms is not addwln most games, however not in
all of them, firms can only improve their profity beducing the profits of opponents
(zero-sum game) and are ex-ante symmetric and stmofasymmetric after the
investment. Furthermore, the two most common gaomed in the real options
literature are the "preemption game" and the ftaitrigame”, both usually formulated
as a zero-sum game. In the preemption game, gssnaed that there is a first-mover
advantage that gives firms an incentive to be itisetb invest and, in the attrition game,
it is assumed that there is a second-mover advarteg gives firms an incentive to be
the second in the investment.

The remaining chapters present the empirical aizalysrformed. We present the
research questions, the models that served asisfbashe present research, and the
deduction of the model developed under the framkvwadranalysis adopted in the
present research. Afterwards, we present the sestilthe model implementation and

the corresponding conclusions.

% This is the generic assumption in ROA.
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6. RESEARCH QUESTIONS AND METHODOLOGY

Having presented the most recent developments nee tllifferent branches of
literature, relevant to the present dissertation,isi now time to define the
methodological goals we aim to achieve with therenirwork and present the way to
do so. Next, follows the presentation of the questito be answered as well as the

methodology from which we will depart to answersieuestions.
6.1 Research questions

In the previous chapters of the present dissentaiiavas initially demonstrated that
interactions between agency theory and real optamadysis provide a useful linkage
between investment decisions and financing degsitbrvas also established that under
equity financing of the growth option an incentieeunderinvest has been repoffeds
a consequence of the agency costs of debt. It wésef demonstrated that interactions
between game theory and ROA provide a useful liakagtween investment decisions
and competitive interaction. It was also demonsttathat different competitive
responses under a duopoly market structure porrayinfluence in firm valde.
Therefore, when facing both equity financing of gmewth option and competition,
does the incentive to underinvest still prevaildfisTis the essential question to be
answered in the present research.

We depart from two identical firms financed by betjuity and debt, which possess
a shared growth option to expand its scale of dpers If we consider that such
growth option will be financed solely by equity bgth firms, does the effect predicted
in Mauer and Ott (2000) still holds? In order talyse that, conditions regarding the
competitive reaction of the firms have to be asslinfarst, we shall analyse the
situation where both firms simultaneously decideassning the exercise of the growth
option. Under this setting, the firms will act amtiog to Cournot-Nash equilibrium.
Afterwards, we shall change this initial settingynsidering sequential investment
decision. Therefore, the firm that decides previpusay act as leader, investing first,
and the other as follower, investing later. Undes setting, the firms will act according

% Mauer and Ott (2000).
%7 Smit and Trigeorgis (2004).
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to Stackelberg equilibrium. These two differenteatatives regarding competitive
responses by firms shall be included exogenousliine with Smit and Trigeorgis
(2004). Firm value will be derived under theseeatit settings.

In order to analyse these possibilities, considmmadf different operating policies
shall also be performed, a first best policy asdhe that maximizes the value of the
firm and a second best policy as the one that magsrthe value of the equity of the
firm. The differences in the value of the firm thoistained are the agency cost of debt
and the loss in efficiency that the adoption ofseeond best policy generates.

The breakthrough that such analysis encompassie ianalysis of the effects of
competition in the agency conflicts that were alseatudied and are already present in

the literature.

6.2 Methodology

We now present and describe the setting under wiiehvaluation model to be
used, in order to analyse the impact that mandgéeaibility and competitive
interaction have in the valuation of investment apynities, will be derived. It departs
from the estimation of firm value under alternativehaviours for the firms in the
duopolistic market structure. The first considerauttaneous reaction as in Cournot.
The second considers sequential leader-followectiora as in Stackelberg. We will
present the reaction functions necessary to impientkis different behavioural
strategies, thus achieving different market equuiins. Additionally, a monopolistic
setting is also considered, in case one of thesfiasibandons the market. Afterwards,
inclusion of managerial flexibility is done. Theogrth option and the abandonment
option are included. Furthermore, the decision ¢otdken by the firms will also be
conditioned by the financing structure adoptedha investment outlay necessary to
exercise it. The firms are financed by both equibd debt at the outset, while the
exercise of the investment is financed solely hyitygUnder these financing structures
two different strategies shall be considered. Atfivest policy, that considers that
managerial decisions are taken in order to maxirfeevalue of the firm and a second-
best policy, that considers that managerial decssare taken in order to maximize the

value of the equity of the firm. Computation of tthéferences in firm value that result
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from the adoption of these two different policieipws for the determination of the
agency cost of debt.

The methodology presented relies in two differendeis. The first approach is the
one followed in Smit and Trigeorgis (2004) to valustrategic investment in R&D in a
duopolistic market. They present a real optionseémat it will be applied to define a
first approach to the problem under study. Howetlegy disregarded the impact that
differences in the financing structure of the firrman produce in the investment
decision. In order to incorporate such impact, ntiwdel developed by Mauer and Ott
(2000) shall also be presented. In this sectiorskadl present the valuation techniques
that are behind the general model developed inrdgsarch. However, we shall start
with the description of a generic discrete-timevgitooption valuation, followed by the
description of Smit and Trigeorgis (2004) and Maared Ott (2000).

6.2.1 Discrete-time Growth Option Valuation

The valuation of growth options in discrete-timedals departs from the general
multiplicative binomial option pricing approach ddeped by Cox, Ross and Rubinstein
(1979). It is assumed that the underlying asseth{gisetting, the cash flows generated
by the initial investment outlay) follows a muliipdtive binomial process over

successive periods described by:

Figure 6.1: Evolution of firm value through time

Period O Period 1
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q
\Y
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Source: Author

Where the present value of the cash flows generatednay increase by the
multiplicative factoru, with probabilityq, to uV or decrease by the multiplicative factor

d, with complementary probabilitfl-q), to dV, at the end of the period. Therefore, at
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any point in time, the value of the underlying asssn be described by the following

equations:

V, =V, xu=uV (6.1)
Or:

V, =V, xd = dV (6.2)

These expressions, alongside with the probabilitiesn up move or of a down

move, give the next expression for the value ofutheéerlying:
V, =uVxq+dVx(1-q) (6.3)

The multiplicative factorsy andd, represent the continuously compounded rate of

return on the underlying asset, with:

d== (6.4)

Y (6.5)

As in the general binomial valuation process, thgoff to the call option at the

expiration date is represented by the followingrezpions:
uC = Max(uVv - 1 0) (6.6)

dC = Max(dV -1,0) (6.7)
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In the expressions abovierepresents the additional investment outlay necgds
expand the scale of operations. With the termiadlier for the call option on the cash

flows of the project above derived, the value aftsaption at the present time follows:

uC+(1- pd
C:[pc@g”mcl

(6.8)

In the expression aboveepresents the risk-free rate. And witheing equal to:

[a+r)-d]

u—-d

(6.9)

If we extend this single period binomial model autbdivide the time to expiration

of the growth option, T, intm equal subintervals, each of Iength%, the general

binomial pricing formula can be represented aofod:

iﬁ,dﬂ“ﬁpwrpr*Mw@MWW—nd

C:j:O J -
(L+r)

(6.10)

This expression adds the probability that firm ealill takej upward jumps im
steps, each with risk neutral probability

In accordance with Cox, Ross and Rubinstein (191h@) parametersi, d andp are
chosen so that the mean and variance of the cantsiyicompounded rate of return of
the discrete binomial process are consistent in lthet with their continuous
counterpart. The firm value will become log-normgatlistributed and the binomial
distribution function will converge to the cumulati standard normal distribution

function. The parameters must then be equal to:

o)

u = el (6.11)

q=1 (6.12)
u
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1. 1p
p=_+ Z(Uj\/f (6.13)

,uzlnr—%az (6.14)

This is the standard procedure to value a callooptinder the binomial valuation
model. The growth option can be valued like a option. The adjustments necessary in
order to apply such valuation model are the onesadly described in a previous
chapter. Essentially, one must consider the unishgrlgsset as the additional cash flows
generated by the additional investment expenditurkis additional investment
expenditure is the exercise price of the optiore Témaining parameters are the usual

ones in the real options valuation framework.
6.2.2 Smit and Trigeorgis Real Options Games Valoat

In this section, a description of the model devetbpm Smit and Trigeorgis for the
valuation of duopolistic firms with a shared grovption is performed. In the model
developed it is necessary to introduce a monojpolfgin in order to compare the
results obtained with the ones derived in a duspaharket structure. Therefore, we
shall depart from firm valuation in a monopolisietting and afterwards derive firm

value in a duopolistic market.
6.2.2.1 Monopoly
A monopolistic structure implies that the firm Igetonly proprietary of the option in

analysis, because the firm is the only one preserthe market. In the framework

developed, it shall be assumed a linear inverseaddrfunction specified by:

P(Q.6)=6-Q (6.15)
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Where 6, is the demand shift paraméeterassumed to follow a lognormal diffusion

process (or a multiplicative binomial process irscdete time),Q is the quantity
produced by the firm an®(Q) is the common market price as a function of total
guantity Q. The initial investment represents the fixed costsile the total variable
costs depend on the size of production. The t@ahkble production cost for the firm is

given by:
C«ﬁ=c+%qQ2 (6.16)

Here, c and g are the linear and quadratic cost coefficients tfeg firm. The

operating profit for the firm is given by:
1
n(Q.6,)=PQ-C(Q)= aQ—c—(1+§qu2 (6.17)

The gross project value (profit valudj), and the net present valuéPV, from the
investment in the growth option, assuming perpetmhual operating cash flows
(profits) and a constant risk-adjusted discourd kats obtained from:

7
V =— 6.18
” (6.18)
7
NPV=V -l =~ (6.19)

With these equations it can be seen that the valagimizing quantity for a

monopolistic firm is given by:

6 -c
2+(q

Q= (6.20)

% Exogenous uncertainty in future market demandsimimed to be characterized by fluctuations in this
parameter.
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The firm can then set a monopolistic price equal to

o [6+a)+c] (6.21)
(2+a)
This price enables the firm to enjoy monopoly preélue of:
_A)2
= (a—c) (6.22)
(4+ 2q)k

These are the basic relationships that are negessarder to determine the final

outputs needed under a monopolistic market strectur

6.2.2.2 Duopoly

A duopolistic structure is characterized by theseice of two firms in the market.
This means that decisions taken by one firm affbet market as well as their
competitors. One firm’s results depend not onlthair own decisions but also from
their rival’s reactions.

Different forms of competition can be considereds&arch primarily distinguishes
between price and quantity competition. We willdswur attention in the later one.
Two alternative approaches shall be analyzed.

The first one assumes a simultaneous reaction fsoth firms that originates an
equal distribution of the profits among the twarfg that share it. This approach results
in the establishment of Cournot-Nash equilibrium.

The second one assumes a sequential reaction frertwb forms present in the
market that originates an unequal distributionied profits among the two firms. The
first firm to act is the leader taking a major stakk the market’s profit. The second one
is the follower keeping the remains left by thederaof the market. This approach
results in the establishment of Stackelberg le&olewer equilibrium.
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Cournot-Nash Equilibrium:

Specification of the traditional Cournot model iegentef. We are considering
two firms producing a homogeneous product competinthe same market, with the
objective of maximizing profits.

The assumptions necessary in order to reach thidileqm are the same we
applied previously, under a monopolistic structitewever another firm is introduced
in the analysis.

We assume, as before, a linear inverse demandidandiith two firms in the
market, the demand function is specified by:

P(Q.6,)=6,-(Q\+Qs) (6.23)

The notation is the same as before, but nwis the demand shift parameter,

assumed to follow a multiplicative binomial proce& and Qg are the quantities
produced by firms A and B, respectively, aA(Q) is, as before, the common market
price as a function of total quantity, now given(Qy= Qa + Qg).

The total variable production cost for each firngigen by the same expression as

before:
cQ)=c +%qi Q’ (6.24)

Here,c andq; are, once again, the linear and quadratic codficeats for firmi.
The second stage annual operating profits for &aahs now given by:

7(Q.Q,.6)=PQ -c@)=[6.-¢)-q @ —(1+§qi ij (6.25)

% The analysis presented here follows the work dgesl by Smit and Trigeorgis (2004).
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The gross project value (profit valu&}, and the net present valu¢P\i, with the

same assumptions as in monopoly are given by the sapressions:

v =L (6.26)

NPV =V, - =20 —| (6.27)

Under quantity competition, the reaction functidreach firm is downward sloping.
Maximizing firmi own profit value over its quantity given that asmpetitor produces

Q;, each firm’s reaction function is given by:

6, -c —Qj

R(Qi): 2+q

(6.28)

If both firms make a simultaneous production cdyarivestment, in the second
stage a Cournot-Nash equilibrium outcome resule dquilibrium quantitiesQ » and

Qs are obtained by equating the reaction functiotheftwo firms:

(et _Ci)(2+qi)_(0t _Ci)

Ql ) (2+qi)(2+qj)_1

(6.29

In the situation that shall be considered, wher ioms invest simultaneously, a
symmetric Cournot-Nash equilibrium may result ie thrms are otherwise identical.

Identity is verified if:

Q=Qs=Q (6.30)
Cy,=Cgz =C (6.31)
dr=0s =9 (6.32)
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This equality results, i, >c in:

-89 6.33
(14240
v =139 s (634

If g=0, the symmetric Cournot equilibrium quantity sinfigls to:

Q = %(ﬂ ~¢) (6.35)

(6.36)

The general model regarding simultaneous decisisnghus presented. An

alternative solution, where firm’s actions are satial follows.

Stackelberg Equilibrium:

The general assumptions undertaken in the prewolugion still hold. Differences

that shall appear in the present approach depart the inexistence of simultaneous

reaction.

In case firmi invests first and firm defers investment, the first becomes the leader

and the later becomes the follower. The followell wet its quantity having first

observed the leader’s output according to its readtinction:

6-c-0
RQ)=2"%

6.37
2+q (6.37)

87



With this reaction function, the leader will thermxmmize the following function:

_ (Ht _Ci)(2+qi)_(6t _Ci)

' (2+4q)l2+q,)-2 (639
(9t - 2¢ +C )2
v = (6.39)

Substituting the leader’'s optimal quantity from #igove mentioned equation into
the follower’'s reaction function referred to abogwes the Stackelberg follower’s

guantity and profit value:

_ 6, -3c;+2¢

Q 2 (6.40)
(Bt -3, + 2 )2
v, = (6.41)
16k

As expected, the follower’s equilibrium quantitydaprofit value are lower than the

ones of the leader.

6.2.3 Mauer and Ott agency-real-options model

In this subsection it is presented the model imelet®d by Mauer and Ott (2000).
The interaction between investment and financingisttats is present due to a
difference between the initial financing structofehe firms and the financing structure
adopted to exercise the growth option. This diffeeenn the financing structure
originates two different operating policies thatiga the agency costs of debt.

Let's start with their original basic assumptiofi$iey considered one firm that
produces a single commaodity, infinitely divisibladaproduced continuously through
time at a rate of one unit per year. The cost oflpctng it isC, which is constant
through time. As the commodity is produced it iklsa a perfectly competitive market
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at a priceP per unit. The evolution of the commodity priceaingh time follows a

geometric Brownian motion:

d—: =qadt + odz (6.42)

Where the drift ratécr) and volatility(a) are constants andzis the increment of a
standard Wiener process. The convenience yieldeo€dimmaodityd) is assumed to be
a constant proportion of its price, and the risklgscurity is assumed to yield a constant
instantaneous interest rate per year. Operating profits are also taxed instadasly
at a constant rate.

They analyzed the value of an unlevered firm aftar@se of the growth option.

Firm value must satisfy the following differenteduation:

%azpzv;fp +(r-o)PVy -1V +(P-C)g)l-7)=0 P>P,, (6.43)

This unlevered firm value must satisfy three coondsi The abandonment option is
worthless if the commodity price gets large; thenfihas zero net salvage value at
abandonment; and the abandonment price is optin@ilysen. Inclusion of these
restrictions in the equation leads to the followswdution for the value of the unlevered

firm:

B2
P C Py C) P
v @)=( 5~ -0 TS| 2| oo 1
Where the optimal abandonment price is given by:

5 { - B j x (6.45)
1-8,)r
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And with B,being equal to:

'82:1_(r—5)+\/[(r—5)_1}2+£<0 (6.46)

Next, the value of a firm with both equity and deftits financing structure is
calculated. The authors analyze the value of bothitye@nd debt after the growth
option is exercised. They assume that the firm’st debpermanent with a stated
maturity and denote the promised coupon paymerR .bEquity value must satisfy
three boundary conditions. The first two consideat tthe firm has zero net salvage
value at abandonment, and the abandonment priggtimally chosen. The other two
are the value matching and optimality conditioret firm value must satisfy when the
growth option is exercised.

With these restrictions the equity value is givgrthe following expression:

.(P)= {m_ (Cq+ R)}(l_ r)—[Pqu _(ca+ R)}[ P ]ﬁz 1-1) (6.47)

o r o r P

Dq

Where:

(e

The value of the debt of this same firm, after tkereise of the growth option is
conditioned by the fact that at a high enough couityqrice debtholders will almost
surely receive the coupon value, and also by thetfat in bankruptcy they get firm

value.
The value of the risky debt is therefore given bgy/fitilowing expression:

D,(P)= TR + [(1— oV (P, )—TR}(LT (6.49)
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The total value of the levered firm after the growfition is exercised is the sum of
these two different claims. It is the value of thelevered firm plus the expected
discounted value of tax shields on debt minus thkpeeted discounted value of
bankruptcy costs.

The first best exercising policy is chosen to maxanihe value of the firm. The
general solutions for the equity and debt valueteuthis first best policy are given by:

S 0)=(2-Crp-nrrprakien g cper 650
ViR)=(D-Ca-r)e Rekprakipn  m<perr 65

With f, being equal to:

,31=%—(r_5)+\/[(r_5)—£}2+£>1 (6.52)

WhereK; ,KJ ,K{, and K are constants to be determined amj is the
endogenously determined commodity price at whiah éfquityholders default on the
debt before the growth option is exercised, &idis the commodity price at which the
firm exercises the growth option. These generalitemis must recognize the firm’s
limited liability whenever it defaults on debt pagnts, with this trigger price being
determined in order to maximize equity value, ai agthe fact that the trigger price of
the growth option is chosen in order to maximize\hlue of the firm.

The second best exercising policy is chosen to miaei the equity of the firm. The

general solutions for the equity and debt valuedeuthis second best policy are given

by:

Es(P)= (g _e+R) : R)j(l— 7)+KSPA +KSP”, P, <P<PS (6.53)
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VSL(P)z(g—%j(l—r)+TTR+ KSPA +KJP*% P, <P<P® (6.54)

WhereK; K} ,K{, and K are constants to be determined amf is the

commodity price at which the firm exercises thevgiooption. These general solutions
must take into account two differences regardirggtevious set of assumptions. They
must recognize that at abandonment the equity vialugero and the trigger price to
exercise the growth option is chosen in order taimeae the value of the equity. This
later difference is the fundamental one regardiegfirst and second best policy.

With this formulation the agency cost of debt cawrbe computed as:

AC(P) =V (P)-V.(P) P, <P<maxXpPf,P°) (6.55)
It is the difference between the first and secoest kevered firm values.

6.3 Final remarks on methodology

The present chapter intended to describe the gddlse present research and the
models upon which the research was based to aclsewlk goals. The goals are
described in the first section of the present afrapthe models that “inspired” the
present research are described in the seconds@ftibe present chapter.

This chapter sets the basis for the one that falldwfact, the next chapter presents
the model developed under the present researcltc@mdlicts a numerical simulation
that allows the questions placed to be answered.
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7. IMPLEMENTATION AND RESULTS OBTAINED

The previous chapters presented the main concsptgiated with agency conflicts
and competition in a ROA framework. In this chagepresentation of a discrete-time
model that integrates these concepts shall be made.goal is to develop a firm
valuation framework that takes into account a coumgloreal option in the context of a
duopolistic market structure. Such framework wikcaenable the valuation of the
equity and debt value of the firm allowing, therefothe measurement of the agency
costs of debt under this context.

We shall start with the derivation of firm value different market equilibriums.
Afterwards, incorporation of managerial flexibilitgrough a standard ROA model will
be applied. Finally, valuation of equity and deldwes follows, through the use of
contingent claim analysis.

We depart from a market that is shared between itlgatical firms that face
demand uncertainty. Under this setting, it is neags to develop the analytical
derivation of the reaction curves and the equilitori outcomes for the Cournot,
Stackelberg and monopoly equilibrium. Afterwardsyridation of firm values under
these equilibrium market structures follows. ladditionally considered that both firms
share a growth option and an abandonment optioa.gfbwth option will allow firms
to expand its current scale of operatinby a certain multiplicative factor at a
predetermined and fixed price (the exercise pritehe option). The abandonment
option permits the firms to leave the market bylkage value. Valuation of managerial
flexibility, and firm value under this setting, Wibe achieved through standard ROA
valuation, departing from the equilibrium reachbrbugh game theoretic decisions for
the exercise of the options.

It shall further be considered that both firms fananced by equity and debt and the
exercise of the growth option shall only be equibanced. Therefore, we shall also
present the contingent claim valuation in ordevatue the equity and the debt of each
firm. However, because the growth option will beeexsed by an additional equity
issue, consideration of two different policies the exercise of such option will be

presented and valued. A first best policy, as thethat maximizes the value of the firm

" The increase in the scale of operations is exagetmthe model developed.
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will be considered. A second best policy, as the trat maximizes the value of the
equity of the firm will also be presented. The éifince in firm value that results from
the adoption of these two different policies is #igency cost of debt.

Finally, a different scenario concerning the finagc of both firms will be
presented. One firm will be only equity financedldhe other firm will be financed by
both equity and debt. Under this scenario, the ltieguequilibrium reached under
competition for the growth option will be analysedext, description of the model

follows.
7.1 Discrete-time agency real options game valonanodel

With two firms present in the market, we must st@th the consideration that both
firms face exogenous uncertainty in future marketmdnd, which is in turn
characterized by fluctuations in a demand paramktehall be assumed a linear inverse

demand function of the form:
P(Q.6)=6-(Q.+Q,) (7.1)

Where 6, is the demand shift parameter, assumed to follomnutiplicative
binomial processQa andQb are the quantities produced by both firms preseihe
market and?(Q) is the common market price as a function of tqtantity(Qa + Qb)

The binomial process followed by the demand stafemeter follows the following

path:

6, =6,xu=uf (7.2)
Or:

6 =6,xd=db (7.3)

In the above expressions, the value of the demanangeter at time 04,, may

increase by the multiplicative factar, to ud or decrease by the multiplicative facthr
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to d@, at time 1, considered the next time period. Thatiplicative factors,u, d, are
exogenous to the model but the relationship betwdéem can be given by the

following expression:
g=1 (7.4)
u

The probabilities associated with such movemerdstiae actual probabilities. The
multiplicative factor, u, has probabilityg, and the multiplicative factod, has
complementary probabilit{l-q). Therefore, the value of the demand parametemat t

1, can be represented by:

6, =ufxq+dox(1-q) (7.5)
The extension of this framework to multiple perioss achieved through the

repetition of the process described for one timeodeto the remaining periods

considered. The general multiple period binomiadcpess can be described by the

following figure:

Figure 7.1: Evolution of demand parameter througimie

Period O Period 1 Period 2 Period ... Period T
u(T)e
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Source:; Author
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Having derived the process for the evolution inetiof the demand parameter it is
now time to proceed to the analysis of firm valoghe end node of the demand tree.
The end node of the tree is the maturity date efdptions considered and also the
maturity date of the debt outstandihgHowever, we shall start by analysing the value
of the firms without including the decisions to ta&en by the firms considering the
exercise of the options and the payment of the.deldrder to do so, we must derive
firm value under the two equilibrium alternativee be considered, Cournot,
Stackelberg, but also under the alternative monsgimhmarket structure.

The total variable production cost for a particdlem i (i = A or B) is given by:
_ 1 A2
c(Q)=¢Q +5aQ (7.6)

Here,c; andq; are the linear and quadratic cost coeffici€ntEherefore, the annual

operating profit for each firm is given By
1 2
7(@.Q.8)=PQ -c(Q)=[6-c)-Q k —(1+§qi jQi (7.7)

The value of the firm, assuming perpetual annu&rajng cash-flows thereatfter,

corporate tax , and a constant risk-adjusted discount’fateis given by:

v, =5 (1-7) (7.8)

" Consideration of a different maturity for the debitstanding will not produce any relevant change i
the model derived. This assumption just simplifies procedure.

"2 They can also be considered as the fixed andblariosts of the marginal cost function. This fiorct
can be expressed a@s+ Q..

3 This expression is the derivation of firm valuetl exercise date of the operational managerts. T
assumption present in the model is that debt matatgéhe same date. Therefore, firm’s profits db no
possess any debt related costs.

4 The assumption of this constant discount rate lse with Smit and Trigeorgis (2004). In the fitzal
structure assumed in this model, this assumptiaisis plausible since the maturity date of the ansti
considered is also the maturity date of the origiledbt issue.
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In order to obtain the reaction function of eagimfunder quantity competition it is
necessary to maximize each firms profit functioreroi's own given quantities. Each

firm reaction function is thus:

6 -c -Q.
f-a-Q (7.9)
2+q

R(Qi):
If both firms equally share the marketthey achieve Cournot-Nash equilibrium. In
this scenario, the equilibrium quantities are oi#di by equating both reaction

functions. The end result is:

0_ (Ht _Ci)(2+ i)_(Ht _Cj)
= ekt o

Simplifying the above expression, by settigg=q; = , v@e obtain the following

expression for the quantities:

56, -2¢ —c;
Ql=t 1 (7.112)
3
These equilibrium quantities generate the following value:
(6 -2c, +c, ]
vi=—t— L (1-7 7.12
| o L7) (7.12)

This is the general expressions for firm value un@eurnot-Nash equilibrium.
However, if one firm becomes the leaderand the other firm accommodates as a
follower, we achieve Stackelberg equilibrium.

Under this equilibrium scenario, the follower sés quantity, according to its
reaction function to the leader’s output. Becaus® leader is aware of such reaction

> This equality is obtained in a simultaneous decisiame.
® This leadership is obtained in a sequential degigiame. However, consideration of which firm

decides first is exogenous to the model.
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function, we can derive the quantity to be produbgdthe leader as defined in the
previous expression (7.10) that we replicate:

_ (Ht _Ci)(2+qi)_(6t _Ci)

. = (7.13)
(2+qi)(2+qj)_2
Assuming, for the sake of simplicity that =qg; = , @ve obtain the following
expression for the quantity to be produced by dlaelér:
6, —2c +¢;
= (7.14)
2
And the firm value of the leader becomes:
0 -2c +c f
= l6.~2c +c)) (1-7) (7.15)
8k

Substituting the leader optimal quantity in theldaler’'s reaction function we get
the optimal follower quantity and the corresponding value as:

_ 6, -3c;+2¢

Q 2 (7.16)
Vv _(et_3cj+2Ci)2(1_ ) 717
b 16 ’ (7.17)

Additionally, it must also be considered the podisifithat only one firm remains in
the market’. Under this scenario, the expression for the mokistpfirm is given on the

assumption that the rival firm produces notHfhg

" In the explanation of the model, it can not beduthe out the possibility that one firm exercites
abandonment option and therefore, the firm remgibiecomes a monopolist. Therefore, this possibility
is also included.

’® Once again with the assumption tiggt=q; = 0.
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= ! 7.18
Q=g (7.18)
Being the only firm in the market, it can set a mpoalistic price of:
p=*¢ (7.19)
2
With such a price, the firm value becomes:
_ 2
v :M( -7) (7.20)

Having derived firm value under the different eduilm possibilities, it is now
time to include managerial flexibility. That is regented by the possibility to expand
the scale of operations, exercising the growthooptand by the possibility to abandon
the market, exercising the abandonment option.

We shall start with the consideration of a growfitian to expand its scale of
operations. This type of option is typically assdngs an increment in firm value in
exchange of the investment expenditure necessanypiement it. Therefore, it is like a
call option on the increment in firm value with @xercise price equal to the investment
expenditure necessary to implement it. The payb#xpiration date, for a call option

with these characteristics can be representét by
G =Max(gV - 1,0) (7.21)
In the expressions abovierepresents the additional investment outlay necgds

expand the scale of operationS, represents option value argV represents the

increment in the value of the firm. With the teradirvalue for the call option on the

" This expression departs from the assumption tieirtcrease in capacity is absorbed by the demand.
This is the general assumption under growth optalnation. Alternatively, we could have assumed tha
the increase in production would lead to altermatproductive capacity and to a change in the
equilibrium conditions. This alternative assumptiaould not significantly change the expressions
obtained for the valuation of the growth option.
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cash flows of the project above derived, the valfisuch option at a particular time is
obtained by the general binomial valuation moded o&ll option:

Gt—l — [puq -6-(-:::;) p)th] (7.22)

And with p, the risk neutral probability, being equal to:

= 7.23
p —r (7.23)

In the above expression, (1 ) represents the constant asset (dividend like)

+K
payout yield for a perpetual project (or fiffh)If we extend this single period binomial

model and subdivide the time to expiration of thewgh option, T, into n equal

subintervals, each of Iength%, the general binomial pricing formula can be

represented as follows:

Zo{ j!(nn!— j!)}pj (a-p) Max gV -1 )

G=1
(L+r)

(7.24)

This expression adds the probability that the fimill take j upward jumps im
steps, each with risk neutral probabilppy These jumps are in accordance with the
evolution of the demand parameter considered inémeand function.

It is now time to include the valuation methodoldgy the abandonment option.
This type of option is typically assumed as a pattan on the assets of the firm for the
salvage value specified. The payoff at expiratiated for a put option with these

characteristics can be represented by:

A=Max(X -V 0) (7.25)

8 This assumption is also in line with Smit and €dggis (2004).
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In the expressions abovk, represent the salvage value at which the firm lman
abandonedA represents option value awWdepresents the value of the firm.

With the terminal value for the put option on firralue above derived, the value of
such option at a particular time is obtained bydbeeral binomial valuation model for

a put option:

_[puR +(1- p)dR]
=y

(7.26)

If we again extend this single period binomial moded subdivide the time to

expiration of the growth option, T, intoequal subintervals, each of Iength%, the

general binomial pricing formula can be represeiatetbliows:

A=
@+r)

(7.27)

This expression also adds the probability thaffitine will take j upward jumps im
steps, each with risk neutral probabilityOnce again, such probability is in accordance
with the demand parameter considered initially.

With the two managerial possibilities presentsihow the time to develop the value
of the firm after such flexibility is incorporatad the firm values derived. It results
from the value of the firm obtained in accordanedhte market equilibrium achieved,
without consideration of flexibility, with the adthin of these two managerial
possibilities the firm possesses. At the maturétedf the options, the value of the firm

with the addition of the growth option is given by:
Ve =V +Ma{(g -1V - 10| (7.28)
This is equal to:

Ve =MaxgV - 1,V] (7.29)
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At the maturity date of the options, the value lnd firm with the addition of the
abandonment option is given by:

VA=V +Max(X -V 0) (7.30)
This is equal to:
VA =Max(X,V) (7.31)

Therefore, the value of the firm results from théial value of the firm and these
two managerial possibilities the firm possesseghAtmaturity date of the options, it is

given by:
Ve =Max(V,gV -1, X) (7.32)

By substituting firm value as in the different metrlequilibriums considered, we

obtain the value of the firm under Cournot-Nash as:

VE = Max{(et ‘2;3;(""31) (1_T),g(9t -2 +Ci) (1_T)_|'XJ (7.33)

Whereas the value of the leader firm under Staekglkquilibrium is:

(9 - 2C +C»)2 (9 -2c +c.)2
VS =M ! L7 (1- ! L (1-1)-1,X 7.34
. a{ o A-n)g———=0-1)-1, (7.:34)
And the value for the follower as:
(6 -3¢, +2¢ ) (6, -3c, +2c )
S _ t j i _ t J ! .
V| —Max{ o (1-7).g o (1-7)-1,X (7.35)
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Under monopolistic equilibrium, the value of therfibecomes:

6, -c) (6, -c)
V" =Ma (6-c) -r),g——"(1-71)-1,X 7.36
x{ o a-r) g -T) (7.36)

The value of the firm with the managerial flexitilipresent at a date prior to the
expiration date of the options considered followsnailar path to the one described for

the value of the options when considered in isotatirherefore, it can be computed as

follows:

i{(nn!_jl)}pj (1- p)’ Max(ujd”'jv,ujd”'jv +gu'd"V - | ,A)

it
(1+r)"

VGA — =0

(7.37)

After this computation, it is necessary to incogierthe agency conflicts that result
from the additional equity issue necessary in otdexxercise the growth option. Under
the consideration that the firm is financed by betuity and debt, the total current
market value of the firmy, is the sum of the market value of the two semsit
Therefore,

V=E+D (7.38)

WhereE represents the market value of equity 8nepresents the market value of
debt. Under this scenario, equity can be seencadl aption on the assets of the firm.
The exercise value of such call option is the vaieutstanding debt. The maturity of
this option is the maturity of the debt. Under fitesent setting, such maturity date is
the same as the maturity date of the options cersid Therefore, the general value for
the equity of the firm at debt maturity can be es@nted as follows:

E, =Max(V, -F 0) (7.39)

In this expressionk: represents the face value of debt outstandingevidjiland V+

represent the equity and firm value at the matutéte of debt. Being a call option on
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the assets of the firm, the value of equity at datg before the maturity date of the debt
contract, can be estimated as:

z{j,(nl)}p‘ (L- p) Max{u'd" IV - F 0)

£ = 170 n-j!
L+r)

(7.40)

Furthermore, the value of debt can be obtainedeolucting to the value of the firm,
the value of the equity. Alternatively, it can benwputed as the difference between the
value of the firm and the value of a call optiontba assets of the firm with an exercise

price equal to the face value of debt outstandiimgrefore, it can be given by:

D; =V, —Max{V; - F 0) (7.41)
The end result of this perspective is:

D; =min(V,,F) (7.42)

The present value of this terminal value is obtdibg the following expression:

YR A

. jl(n—j!
(L+r)

(7.43)

This is the general model that will be used to wbtae market value of the firm as
well as the market value of equity and debt. Howewth the inclusion of managerial
flexibility and consideration of debt financing, wet additional results for equity and
debt value under the different market equilibriusoasidered.

In the presence of Cournot-Nash equilibrium withowsnagerial flexibility, and

applying (7.12) into (7.39), we get the expressmrequity value as:

6, -2c +c, )
EC =Ma (t CI +CI) (1_T)_F,O (7.44)
9K
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And applying (7.12) into (7.42), we get the expr@sgor debt value as:

C — i (et -2c -I_Cj)2
D —mln( o (1-7).F (7.45)

In the presence of Stackelberg equilibrium withoo@nagerial flexibility, and
applying (7.15) into (7.39) and (7.42), we get &xpressions for equity and debt value
for the leader as:

s _ (@—Zci+cj)2
ES = Ma>{ o (1-7)-F0 (7.46)
DS = mi (@_ZCiJij)z(l_ ) F 7.47
C =min o T), (7.47)

Similarly, but applying (7.17) into (7.39) and (Z)4we obtain the equity and debt

value for the follower as:

s _ (Ht_‘?’cj +Ci)2
E; —Ma{ n (1-7)-F0 (7.48)
DS = mi (@‘ZCjJ’Ci)Z(l_ ) F 7.49
. =min 1 T), (7.49)

Finally, in the presence of monopoly equilibriunthaiut managerial flexibility, and
applying (7.20) into (7.39) and (7.42), we get &x@ressions for equity and debt value

for the monopolist firm as:

M _ (Ht_ci)2 —_r)_
E —Ma>{—4k (1-7)-F0 (7.50)

105



DV = min((et_—ci)z(l— r), F] (7.51)

4k

When in the presence of managerial flexibility, tx@ressions for the value of the
equity and for the value of the debt in CournotiNasguilibrium can be obtained by
substituting (7.33) into (7.39) and (7.42):

EC =|v|a>{|v|a>{(6’t ~2+0f (1-7).g (6.-20 +c,) 1-7)-1, x}— F,O] (7.52)

9% 9%

Ok 9«

DC = min{Ma{(g‘ ~2vof (1-7).g 020 v f (t-17)-1, X},F] (7.53)

Similarly, when in the presence of managerial téiy, the equity and debt value
of the leader firm can be obtained by substitufing4) into (7.39) and (7.42):

8k 8k

ES = Ma{Ma{(gt —2¢, +C; )2 (L-7).9 (9t —2C, +c; )2 (L-7)- I’XJ_ FD] (7.54)

DS = min{l\/la{(gt _2;: ‘) (1-7).9 (0.2 +c) (L-7)-1, x}, F] (7.55)

Whereas, the value of the follower can be derivedubstituting (7.35) into (7.39)
and (7.42):

s _ (‘9t -3, +2Ci)2 (‘9t - +20|)2
E, —Ma{Ma{ T (1-7).g T (1-7)-1,X |-F0| (7.56)

D|S=min{Ma>{(9t_3§é: 2 ) g%t %) (H)—LX}F] (7.57)
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Finally, the value for the monopolist firm is olstad by substituting (7.36) into
(7.39) and (7.42):

EY = Max{:Max{(H‘;—C‘)z( —r),g(B‘;—C‘)z(l— r)—I,Xj—F,O} (7.58)

K K

4k

DM :min{Ma{W( —r),gM(l—r)—l,Xj,F} (7.59)

This set of expressions defines the model impleetemh the present research.
Additionally, the insight that determines the agewost of debt is that two different
policies shall be considered in order to exerdgedgrowth option. The first-best policy
considers that such option will be exercised ireoitd maximize the value of the firm.
The second-best policy considers that such optidh lve exercised in order to
maximize the value of the equity of the firm. Th&etence in firm value that results
from these two different policies is the agencyt adslebt.

For the first-best policy, the expressions areaalyederived, since they correspond
to the maximization of firm value. Therefore, theye in accordance with the
expressions derived for firm value. However, foe thecond-best policy, it must be
noted that the expressions that were derived fervidue of the equity of the firm do
not correspond to the decision to be taken by fitimas execute the second-best policy.
The expression derived for the equity value cowadp to the value of equity that
results from the maximization of firm value. Itnst the maximization of equity value.
Therefore, an expression for the maximization afigqvalue must be derived. The
exercise of the option maximizes the equity vafulem value after exercise minus the
value of debt outstanding and the value of thetamdil equity issue is higher than the
value of the firm without exercise of the optionnos the value of the debt outstanding.
Under this premise, equity guarantees that thetiaddi equity issue is not appropriated
by the original debt. Therefore, the wealth transf@es not occur. Therefore, firm value
under the second best policy can be derived from:
R
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With this policy, derivation of firm value in theifttrent market equilibriums
reached is obtained by the straightforward procedfirsubstituting the expressions for
firm value in (7.60). The equity and debt values also obtained by the incorporation
of the firm value obtained in the expressions presiy derived for the equity and debt
value. With the model fully described it is now ttime to implement it. In the next
section we shall perform a numerical simulationtled model constructed in order to

analyse the results achieved with it.

7.2 Implementation and results

The implementation shall be made with a numericalysis performed through a
simulation of a set of parameters. We shall starthe definition of all the necessary
parameters to perform such simulation, after thatshall proceed to the numerical

analysis ending with the main conclusions to béeviawn from the analysis made.

7.2.1. Parameters

The numerical analysis to be performed assumesopatistic market where both
firms share a growth option to expand the scal®pmdrations and an abandonment
option. Both firms have equal operating costs dnd further assumed, initially, that
both firms will have identical financing structuresmd both firms will finance the
growth option in equal form (through an additioreduity issue). The necessary

parameters in order to implement the model arédt@ving:

Table 7.1: Model parameters

6, 17,50 Ca 5,00
u 1,25 Cs 5,00
d 0,80 F 50,0(
r 2,0000 X 0,00
K 8,0000 9 3,00
T 25,0000 | 50,04

Source: Author
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This set of values is an adaptation of the setatifes that were present in Smit and
Trigeorgis (2004). Furthermore, some additionalugal were adjusted to the present
market and legal conditions. With this set of valuge shall proceed to the valuation of
the firm under the two different equilibrium perspees, Cournot-Nash and

Stackelberg.

7.2.2. Cournot-Nash equilibrium

Under the scenario without flexibility we get th@léwing values for the value of
the firm, its equity and its debt:

Table 7.2: Base case results under Cournot-Nashieguum

Va 118,49 Vb 118,49
Ea 84,67 Eb 84,67
Da 33,82 Db 33,82

Source: Author

With the inclusion of flexibility under the firstdst policy, the values for the firm,
its equity and its debt are naturally higher duethte existence, and exercise of the
operational flexibility. They are presented below:

Table 7.3: First best policy results under Courniash equilibrium

Va 317,03 Vb 317,03
Ea 279,52 Eb 279,52
Da 37,51 Db 37,51

Source: Author

It must be referred that with the adoption of thevgh option, the value of the debt
increases significantly, 10.89%. The wealth transeféect mentioned in the literature is
also present in this formulation. The growth optisriinanced by an additional equity
issue, but part of the benefits from such addifiewuity issue is transferred to the
debtholders of the firm.
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In order to prevent such transfer of value, managgnadopts a second-best
strategy. Under this strategy, the adoption of dh@wth option is determined by the
maximization of the equity value of the firm and by the maximization of firm value.

The results achieved under this strategy are preddrelow:

Table 7.4: Second best policy results under Cournot-Nash equilibrium

Va 305,91 Vb 305,91
Ea 272,08 Eb 272,08
Da 33,82 Db 33,82
Ea (additional) 18,49 Eb (additional) 18,49

Source: Author

It is clear from the above table that the valughef firms diminishes compared to
the first-best policy firm value. The decrease @iue is of 3.51% when compared to
firm value with the adoption of the first-best myli This decrease represents the agency
cost of debt as a result of an underinvestmentiéengrowth option, consequence of the
change in the strategy adopted to exercise it. Vidlee of the debt decreases to the
initial debt value (in the scenario without flexity), becoming this way clear that debt
is not benefited from the additional equity issdée value of the equity also
diminishes, when compared to the one obtained utiaefirst-best policy. However,
the “savings” in the additional equity issue possaspresent value of 18.49. This
reduction in the equity issue necessary to exettisegrowth option is an increase in
the value to the equity (in a global perspectivegluding the initial equity and the
additional equity issue) that largely compensateslaoss originated from the reduction
in the exercise of the growth option under the sddoest policy. The computation of
this additional value is necessary in order toldista the difference between the two
policies considered. In fact, by adopting the sdebest policy, the firms exercise the
growth option in a reduced number of branches ef demand tree. Therefore, the
comparison between firm values in the two policesisidered needs to include the
additional investment in which the firms incur bgopting the first-best policy in
comparison to the adoption of the alternative polic

The results obtained under Cournot-Nash clearlywshimat under the premises

assumed, the agency cost exists and is signifittaletads to a reduction in the value of
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the firm as a consequence of the underinvestmardtgin caused by the adoption of a
second-best policy. These results, under this ibquin perspective are identical to
both firms, since they equally share the market.

7.2.3. Stackelberg equilibrium

In this scenario, without flexibility, we get thellowing values for the value of the

firm, its equity and its debt:

Table 7.5: Base case results under Stackelberg Eopium

Va 133,30 Vb 66,65
Ea 97,51 Eb 58,32
Da 35,79 Db 26,93

Source: Author

The firm value of the leader firm is naturally heghthan that of the follower.
Therefore, the value of the equity and the valuthefdebt are also higher. The follower
possesses the same original debt outstanding dedter, but with the smaller firm
values, the market value of the debt is smallecesthe probability of default is higher
for the follower than it is for the leader.

With the inclusion of flexibility under the firstdst policy, the values for the firm,
its equity and its debt are higher due to the aserof the options that firms possess.

They are presented below:

Table 7.6: First best policy results under Stacketg equilibrium

Va 361,23 Vb 164,16
Ea 323,61 Eb 137,23
Da 37,62 Db 26,93

Source: Author

In this perspective, the value of the debt alsoeases but only for the leader. The

same conclusions drawn under Cournot-Nash apply tier Stackelberg leader.
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However, the magnitude of the wealth transfer isallan than the one obtained
previously. The leader's debt value increases 5.12Be increase in debt value is
smaller than before for one reason. Because the\ailthe leader firm is higher when
compared to the Cournot firm, debt is less riskhisThappens also in the initial
valuation performed, without consideration of masréa flexibility. Therefore, the
increase in debt value for the Stackelberg leaglemialler than that of the Cournot firm.
Nonetheless, the value of debt for the Stackelleader is higher than the value of the
debt for the Cournot firm (despite being almostniital). However, the main
conclusion to be drawn is that for the leaderwiealth transfer effect also exists.

For the follower, the value of the debt remainsntital to the no flexibility sé&t.
Therefore, the wealth transfer effect does not paader this parameter setting. In fact,
the reduction in the quantity to be produced by fililower under this equilibrium
perspective leads to a situation of deferred imaest that avoids the wealth transfer
effect from equity to debt. Therefore, the valubsamed under the first- and second-
best policies for the follower should be identicethat can be verified in the table below

that presents the values obtained under the sdoestdaolicy:

Table 7.7: Second best policy results under Stackelberg equilibrium

Va 346,40 Vb 164,16
Ea 310,61 Eb 137,23
Da 35,79 Db 26,93
Ea (additional) 18,49 Eb (additional) 0,00

Source: Author

It can be seen that the values obtained for thievielr, under this policy, are
identical to the ones obtained with the first-beslicy. Therefore, the agency cost is
null for the follower, thus leading to an additibeguity issue equal to zero. However,
for the leader, the same situation as the one ibescunder Cournot-Nash equilibrium
exists. The value of the firm diminishes under #hgrcise policy in 4.10%, a reduction

that is even higher than the one obtained in Cdurfibe value of the debt is also

81 This situation occurs under the premises consitizrehis framework. However, the extension of the
binomial demand tree for more time periods shoe&tlito an increase in the value of debt. In fégt, t
convergence of the binomial process to a contirtions model, achieved through the expansion of the
binomial model in more time periods, should maks #ituation clear.
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reduced to the one obtained in the no flexibiliersario. Therefore, debt does not
appropriate any part of the additional equity isswhich implies that the wealth
transfer is avoided by management. The equity valse decreases, but if one adds the
value of the additional equity issue, it is clelattthe overall equity value is higher
under this policy than it is under the previous .ofleerefore, for the leader a similar
situation to the one observed in Cournot obtairgreas for the follower, the impact of

the agency cots can be disregarded since theypexesient.

7.2.4. General equilibrium

By general equilibrium it shall be analysed a cameli situation between the
equilibrium alternatives studied earlier. In eacbd& of the tree four different
alternative possibilities shall be considered. Wbeth firms simultaneously invest a
Cournot-Nash outcome is obtained, when one firmests as a leader and the other
subsequently invests as a follower a Stackelbeugilequm occurs, and finally when
both firms choose not to invest a Cournot-Nash ldajiuim occurs again, but now
without the investment in the growth option. Additally, the possibility to abandon
operations is also present. If one firm decideasltandon operations the remaining firm
gains monopoly profits, and if both firms decideatmandon they will both be valued
zero (the value of the abandonment possibilityle $alection between these alternative
possibilities is performed though a game theorpéicspective. Furthermore, all these
four situations are also analysed under differeticggs. Three different sets of policies
are combined. Initially, both firms adopt a firgdb policy, then both firms adopt a
second-best policy, and finally one of the firm®ptd a first-best policy and the other
adopts a second-best policy. In this latter scendarshall be considered that one firm is
financed solely by equity (the firm that adopts fingt-best policy) and the other firm is
financed by both equity and debt. The exercisehefdrowth option is always made

through an additional equity issue.
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With all the different scenarios explained, we et following values under a first
best policy:

Table 7.8: First best policy results under geneggjuilibrium

Va 317,03 Vb 317,03
Ea 279,52 Eb 279,52
Da 37,51 Db 37,51

Source: Author

Under this policy we get identical values for bditms. Since both firms are
identical and follow identical policies, the ovéralutcome is the one previously
obtained in Cournot equilibrium. Therefore, theues achieved are the ones already

present in table 7.3 above.

If they both adopt the second best policy, theltesichieved are presented below:

Table 7.9: Second best policy results under general equilibrium

Va 305,91 Vb 305,91
Ea 272,08 Eb 272,08
Da 33,82 Db 33,82
Ea (additional) 18,49 Eb (additional) 18,49

Source: Author

Once again, the results depict the results achiewelér the second best policy in
Cournot-Nash equilibrium. Therefore, the conclusioto be drawn replicate the

conclusions that result from table 7.4 above.
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The final scenario considered departs from the tfaat one firm adopts a first-best
strategy, the firm considered to be only equityaficed, and the other adopts a second-
best policy, the firm that is financed by both égwind debt. The results are shown in

the table below:

Table 7.10: Mixed policies results under general equilibrium

Va 322,58 Vb 299,43
Ea 322,58 Eb 272,08
Da 0,00 Db 27,35
Ea (additional) 0,00 Eb (additional) 18,49

Source: Author

The results show that firm A, the one that is adyity financed, exercises the first-
best policy, due to the inexistence of agency coktiebt, and that such policy results
in a higher firm value than in the previous setinghe increase in firm value compared
to the situation where both firms adopt the firestopolicy is of 1.75%, and when
compared to the setting where both firms adoptséend-best strategy is of 5.45%.
This occurs because of the policy adopted by firnB&ng financed by both equity and
debt, the firm adopts a second-best policy, thusdavg the wealth transfer effect from
the equity issue to the outstanding debt. Thiscgalesults in a reduction in firm value
due to the underinvestment situation. The valugrof B suffers a reduction of 5.55%
when compared to the value obtained under thelest policy and of 2.12% when
compared to the value obtained under the secortdgodéisy. This reduction in firm
value, compared to the first-best policy, is theéuation of higher magnitude observed.
This reduction occurs for two different reasonse Thist is similar to the reduction
earlier observed that concerns the change in palilnpted, from first-best to second-
best and the consequent underinvestment generdieel. second relates to the
maintenance of the first-best policy by firm A ati@ added value that it generates to
firm A at the expenses of firm B. They no longearghthe market equally and therefore
firm B suffers a reduction in value to this facthefFefore, under the simulation
performed, the difference in the financing struetof the firms leads to a loss in firm
value of the firm financed by both equity and dabtl to an increase in firm value of

the only equity financed firm.
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The value of debt also suffers a reduction with daeption of the second-best
policy. This loss in value is entirely related ke tloss in firm value and to the adoption
of a strategic policy directed at not benefitingotdat the expenses of an additional
equity issue. The equity value of firm B is equaltlhe equity value observed for the
when both firms adopt a second-best policy (belmg the only market value that does
not suffer a reduction). The value of the equitgemthe second-best policy is higher
than the one observed under the first-best policthe additional equity issue is
included. However, as it was already referred &vimusly, this additional equity issue
(avoided under the second-best policy) must beided in the analysis.

Therefore, a change in the equilibrium outcomertdpced if the firms posses a
different capital structure at the outset. The fitmat is only equity financed exercises
the option in a wider range of tree branches. Time that is equity and debt financed at
the outset and finances the additional capital edere with an equity issue, exercises
the growth option in a reduced range of tree brascithe equity financed firm gains
value while the equity and debt financed firm sidfea loss in value. The
underinvestment situation, as in Mauer and Ott (2@®also present and is exacerbated

under competition.

7.3. Final thoughts on results obtained

The analysis conducted in this chapter demonstrtedvalidity of the model
developed and allowed the measurement of the sffgctifferences in the financing
structure of the firms in the exercise policy obgth options and in firm value. It was
demonstrated, under the simulation performed, thatler Cournot-Nash and
Stackelberg equilibrium the agency cost of debttheyadoption of a second-best policy
that maximizes the value of the equity of the firoriginates an underinvestment
situation that causes a decrease in firm valugvak also demonstrated that under a
general equilibrium perspective (that allows thtalesshment of different equilibrium
outcomes) such incentive to underinvest existss the reduction in firm value occurs
for the equity and debt financed firm, while thdyoequity financed firm increases in
value (since there is no incentive do adopt a st:t@st policy).

In the next and final chapter, a general conclusbrihe research conducted is
performed.
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8. CONCLUSIONS

The economic environment that firms face is in tamis transformation. At the
present, such economic environment is characteligddgher operational (managerial)
flexibility, competition and lack of liquidity inifiancial markets. This is the result of an
increased globalization of the economy and of tiescthat affected financial markets.
These events affect managerial decisions, partigultne ones related to capital
budgeting. Therefore, a research conducted for ahalysis of capital budgeting
decisions under these new economic setting is reefgerelevant in order to develop
the current literature on the subject and to imprprofessional practice. This is the first
conclusion to be withdrawn from the present disgem. With the integration of three
different theories into a unified perspective wened at an enhancement in the
knowledge related to capital budgeting under coitipetand managerial flexibility, in
the presence of agency conflicts between equity delit. Such enhancement
contributes to improved managerial decisions andrefore to added value in
corporations.

In order to achieve it, we departed from a genapairoach to the problem through
an analysis conducted on the fundamental literadarthe subjects. A review of capital
budgeting procedures, and the inclusion of opematidlexibility in those procedures
through the incorporation of option valuation magevas made right at the start. Later,
a review on the relevance of agency conflicts betwequity and debt in the analysis of
investment opportunities and firm value was alsofgumed, demonstrating the
interaction between the investment and the finandiecisions whenever such conflicts
are present. Afterwards, a study on the impactoofigetition in investment decisions,
trough the examination of real options games, Wss performed. In fact, the model
implemented departs from this different analysifie Taim is to analyse if these
combined effects portray an influence in managetedisions concerning investment
opportunities and what are the costs associated suich influence. The methodology
conducted to develop such model was also presetésdribing the assumptions under
which it was constructed. Later still, a numerisalution was implemented through a

simulation set that enabled the extraction of tedok analysis.
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In this final chapter the conclusions to be witlvdnafrom the analysis are made. In
order to clarify the main results achieved, thegesaparated between reflections about
the model itself and considerations about the on&s of the numerical simulation
implemented. Finally, remarks regarding future puobSes of research will be
presented.

The model developed departed from two previous s,avke that integrated agency
conflicts with ROA (Mauer and Ott, 2000), and arestione that integrated ROA and
competition (Smit and Trigeorgis, 2004). The firgas in continuous-time and the
second in discrete-time. Despite the widespreadafiseontinuous-time models, we
adopted the discrete-time perspective. This datigias based in the higher practical
application of this type of models. In fact, theedature refers that one factor that might
pose a barrier to the widespread use of real optimodels in corporation is the
complexity continuous-time models possess. Theeefile adoption of a discrete-time
model can overcome such difficulty. On the othendhamodels that analyse the
interaction between investment and financing deonsitend to consider debt as
“perpetual”, in the sense that the rollover of ithiéal debt issue is considered feasible,
and continuous-time models are best suited for ssshhmption. The model developed
in the present dissertation does not considerrsfadt, due to the current situation of
financial markets we opted to assume that theaindebt issue must be repaid at its
maturity date. This assumption reinforced the fmktyi to develop a discrete-time
model, since under these models it is necessaegtablish a maturity for the options
present. Therefore, the analysis developed gaitrmatably, is best suited for adoption
in real life practice and is more in accordancadtal conditions in financial markets.

The equilibrium conditions largely rely on the mbdkeveloped by Smit and
Trigeorgis (2004). In this particular aspect almost particular innovative aspect is
present in this dissertation. Nonetheless, thelibgum defined is in line with Cournot
and Stackelberg conditions and is, therefore, e&hblished in the literature. However,
in Smit and Trigeorgis (2004), such equilibrium diions are not defined by the model
itself but are exogenous to the model. In fact, tetermination of Cournot or
Stackelberg equilibrium results from an exogenomssitleration of advantage of one
firm over the other (or simply by reference to sitaomeous investment decision or
sequential investment decision) and does not résut endogenous conditions of each

firm. In the model developed we follow a similaopedure but with differences in the

118



financing structure of the firms, the equilibriunondlitions change. Therefore, the
equilibrium reached in the market is in part enchages.

The simulation performed intended to define a detamditions that enables the
achievement of results from implementation of tredel. That simulation allowed us to
understand better the managerial decisions takdaruhe set of conditions defined. In
fact, concerning a competitive market with a shayemvth option in which firms face
agency conflicts between equity and debt, the matlempted to illustrate the decisions
that firms should take. The results, for the nuparisimulations developed, are
conclusive.

It became clear that under Cournot-Nash equilibramincentive to underinvest
exists whenever the firm is financed by both eqaitg debt, and the growth option is
financed solely by equity. A wealth transfer occlwestween equity and debt. The
solution to avoid such wealth transfer is to detesestment in the growth option, which
generates a reduction in firm value. This redurctiofirm value is the agency cost of
debt.

It became also demonstrated that under Stackelegugibrium an incentive to
underinvest exists in the leader firm. The reaswnstich underinvestment is the same
as in the Cournot-Nash equilibrium. The reactiomhef firms is identical and therefore,
the effect is similar. However, and under the nucaérsimulation conducted, such
effect is not present in the follower. Therefora, the follower there is no agency cost
and there is no difference between the first andrse best exercise policy, which is an
unexpected result.

Finally, it was also demonstrated that under thasiteration of the different
possibilities of equilibrium between firms, the exfts mentioned above still prevail. In
fact, when both firms are identical in operatingl dmancing structure the Cournot-
Nash solution is the one that prevails. The effstuslied for this type of equilibrium
are the ones that occur when the model allowstfugraypes of equilibria. Whenever a
difference exists between the financing structwkethe firms, a change occurs in the
equilibrium reached. Under some market demand @weollCournot-Nash equilibrium
occurs while in others, Stackelberg equilibrium wsc The firm that is only equity
financed adopts the only possible policy, a firsstipolicy, while the firm that is equity
and debt financed adopts a second best policy @ifels a reduction in firm value. The
end result is that the agency costs still producegative effect in firm value in the

presence of competition when firms possess maradkexibility.
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The path followed opens a different perspectiveestarch in this field. In fact, the
model constructed can easily be reformulated torparate other possibilities besides
the ones considered. Namely, the possibility of saderation of other forms of
financing is open wide. In fact, consideration tiémnative financing structures for the
firms or for the exercise of the growth option ikgical and natural step. We replicated
the financing conditions present in Mauer and @®0Q). A replication of the financing
conditions present in Mauer and Sarkar (2005) igsaful step that will generate
relevant conclusions for this field of research.céin also be analysed the use of
instruments of debt that could mitigate the agermyflicts present, namely callable or
convertible debt instruments.

Alternatively, other forms of equilibrium could alsbe analysed. In fact, the
adoption of the Cournot and Stackelberg equilibriconditions was justified with the
adoption of the assumptions present in Smit angebrigis (2004). Nonetheless, other
possibilities do exist that could be studied. A tBard price competition is a logical
development, also in line with the developmentSnhmt and Trigeorgis (2004).

Empirical testing of the present findings is anotb&th that can be followed for the
future. In fact, the testing of the present modmlld be made by its verification on
oligopolistic sectors where innovation is preséifrider ROA, empirical analysis is not
yet very widespread. However, the validation ofotleical findings has a lot to gain
with its empirical confirmation. The theoreticahdiings reached in this research are no
exception.

The present research allowed the determinatioh@feqjuilibrium conditions that
might be present in competitive markets with shagexvth options and abandonment
options under agency conflicts between equity aebt.dThe comprehension of the
factors that affect managerial decisions under ethesnditions is far from being
reached, even because other aspects besides théermeeanalysed interfere with those
decisions. However, the breakthrough achieved isyxrésearch is one more step in the

knowledge of those decisions.
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