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ABSTRACT

THE IMPACT OF UNCERTAINTY ON INVESTMENT:
OVERVIEW

Yilmaz, Erdal
M.A., Department of Economics

Supervisor: Asst. Prof. Dr. Taner it

September 2009

Common consensus in the real option literaturgahet there is a
negative relationship between uncertainty and imest. One of the
explanations can be stated that the increaseddartainty leads to move up
the value of waiting and consequently has an adveffect on investment.
Contrary to the existing theory, Sarkar (2000) &wgglewicz et all (2006)
find that this negative relationship is not alway@rect. The former paper
demonstrates that an increase in uncertainty caralachasten the probability
of making an investment under certain conditiongwlproject life is short and
level of uncertainty is low) and hence uncertaihs a positive effect on
investment. Result of the latter paper is excepfiom the sense that
uncertainty may accelerate irreversible investmaithout building on the
convexity of the marginal product of capital. Instlthesis, we compare these
two papers and investigate whether they supporh edber or not in the
framework of real option theory. Moreover, we mademe numerical
simulations in order to understand clearly impattother variables on

investment along with uncertainty.

Keywords: Investment, Uncertainty, Real Option



OZET

BELIRSIZLIGIN YATIRIMLAR UZERINE ETKISI:
GENEL BIR BAKIS

Yilmaz, ERDAL
Yuksek Lisans, Ekonomi Bolumu
Tez Yoneticisi: Yrd. Dog. Dr. Taner ¥it

Eyliil 2009

Reel opsiyon yazininda genel kabul gogngdrislerden biri, yatirnmlarla
belirsizlik arasinda ters yonlu gki oldugudur. Belirsizlikteki argin opsiyonun
bekleme dgerini artirarak yatirimlar Gizerinde azaltici etkyad actgl, bu duruma
getirilen aciklamalardan biridir. Varolan yazinirksme, Sarkar (2000) ve
Gryglewicz vd (2006) belirsizlik ve yatirimlar aradaki negatif ilgkinin her
zaman dg@ru olmadgini bulgulamglardir. Birinci ¢calsma bazi keullar altinda
(kisa dGmurlt projeler ve belirsigin sinirl oldigu) aslinda belirsiziliklerin yatirm
yapma olasifiini hizlandirdgini gostermitir. Sermayenin marjinal hasilasinin
disbikey olmaksizin bile belirsizliklerin yatirnmlahizlandirabilecgi bulgusu
ikinci calismay! yatirim ve belirsizlik yazininda benzersizaktadir. Bu tezde,
bu iki calsmanin sonuclan kadastiriimakta ve birbirlerini destekleyip
desteklemedi reel opsiyon cercevesinde stmalmaktadir. Belirsizlikle birlikte
diger desiskenlerin yatirim tzerine etkisini daha iyi anlayat@k icin calsma bazi

simulasyonlarla desteklengtir.

Anahtar Kelimeler: Yatirim, Belirsizlik, Reel Opsiy
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CHAPTER |

INTRODUCTION

The neo-classical theory of investment emphasibes ilmportance of
simple net present value (NPV) rule. Accordinghis tule, a firm should invest in
a project as long as the NPV is positive. Thathe, present value of the expected
stream of revenues that this project will genesdteuld be greater than its cost.
However, the classical theory neglects three mharacteristics associated with
investment decision, namely, irreversibility, urte@rty, and timing of investment.
These characteristics imply that a firm can posgpomvestment to obtain more
information about future. The possibility of delagian irreversible investment
project can lead to better investment decisiongs iBithe main theme of “the real
option” approach, which was first developed by MoBlkl and Siegel (1986). The
standard theory of the real options approach testnent is clearly explained in
Dixit and Pindyck (1994). Moreover, in this ‘reaptimns” approach, the
investment opportunity (wait to invest) plays immt role for investing a new

projects and is viewed as an option to invest, Wwimst be exercised optimally.



For an infinite-horizon setting, this policy can Hescribed as follows: a firm
should invest if the level of revenues (or NPV objpct), say Q, exceeds some
critical value Q*. This critical value Q*, naturglhinges on the parameters of the
economy, particularly the level of uncertainty loe tvolatility of the project being
considered. In terms of option theory, the investheile can be equivalently
stated as follows: a firm should invest when thii@af the project is equal to its
cost plus the opportunity cost of investing nowthe financial options literature,
it has been shown that a higher level of uncegamdreases option value, and this
leads to a more distant critical value for optiomreise (for American options).
Consistent with this intuition, the real optiongetature also predicts a negative
relationship between uncertainty and investmenhtcesi greater uncertainty
increases the value of the option to wait. As panbut by Sarkar (2000), one
finds repeated references to the negative investraaoertainty relationship in the
literature. He gives some examples:

“...this leads to the important implication that imcrease in uncertainty
raises the option value and thereby discouragesimexgtment” (Mauer and Oitt,
1995, p. 582); “...the recent literature on irrevielsiinvestment has shown that
increase in uncertainty lowers investment” ( Cadyall 1991, p. 279);

and “...based on previous findings by researchersanf inverse
relationship between uncertainty and investmerifetcalf and Hassett, 1995, p.
1472). Thus the general prediction of the real aytiliterature is that a higher

level of uncertainty will have a negative effectiomestment.



Contrary to existing literature, Sarkar (2000) &wyglewicz et all (2006)
claim that investments may be accelerated by isecaincertainty. They show
that this particularly happens at low levels of emainty and when project life is
short. Gryglewicz et all (2006) examine the impafaincertainty on investment in
three categories; discounting effect, volatilitjeet, and convenience yield effect.
The first effect is related to discount rate via thisk premium component.
Increase in uncertainty raises the discount rateclwresults in reducing the net
present value (NPV) of the investment and thusegibe investment threshold.
The second effect is related to the value of tHe@ogo wait. In a sense that higher
uncertainty increases the upside potential payadinfthe option, leaving the
downside payoff unchanged at zero (since the optiimot be exercised at low
payoff values). This increased option value implibat the firm has more
incentive to wait, which also increases the investiihreshold. Last effect author
called convenience yield effect. The increase sétsskiness raises the discount
rate and thus also the conveniences yield of thestment opportunity. This
decreases the value of waiting, so that it is matteactive to invest earlier
resulting in a lower investment threshold. Thetdbation of this paper is related
to the last channel of impact. It will be shownttlzest effect can in fact dominate,
under some special condition; the first two affeatsl therefore uncertainty can
speed up investmeir case the uncertainty level is low and the projedife is

short’. So, changing the project life from infinite tanifie can imply a negative

! sarkar (2000pnalyzes the effects of the various parametersvastment and uncertainty
relationship. Sarkar’s arguments can be summafgizeide current level of uncertaintg)is low,

(i) the market price of risk\] is high, (iii) the correlation of return of thegpect with the market
portfolio (p) is high, (iv) risk-free interest rate,r, is higk) the expected percentage rate of change



relationship between uncertainty and the valueaifimg, which reverses the basic
real options result. Last but not least, this pateo supports Sarkar (2000) papers
argumentsnpamely: the uncertainty—investment relationshipnisre likely to be
positive when (i) the current level of uncertaimtys low, (ii) project life (T) is
short

After giving brief introduction, the structure ofynthesis will be as
follows. In the next section, we will focus on rteld literature in order to show the
importance of these two papers. This is followedllngtration example of NPV
and real option. In the fourth section, we will \solthis differential equation
subject to the value matching and smooth pastinglitons at the investment
trigger Q and a zero value condition at Q=0. The derivatiamsstandard and are
omitted in these papers. We would like to emphatsigecontingent claim analysis
as a methodology used in real option and econonatysis of the non- monotonic
results. Then we would like to check consisten€yparameter that used in
numerical example and make a comparison betweegl&wicz's et all (2006)
paper and Sarkar’s (2000) paper. In addition i® thie will make some numerical
simulation in order to observe the impact of othariables on investment. Last
part, we can conclude and propose some recommendfdr future research

topics and give way to our limitations.

in Q (w) is low, and (vi) project life (T) is shorte also finds that the trigg€) is always an
increasing function of, as predicted.



CHAPTER Il

REVIEW OF THE THEORIES FOR UNCERTAINTY AND
INVESTMENT

The decision of firms for investment is one of tingortant issues in
economic literature. In particular, how firms fotheir decision under uncertainty
has been investigate intensively in the literatamgce last two decades. The
following chapter will be explored on the literaduthat looks at the relationship
between investment and uncertainty. We will alsmorporate this literature with
the papers that we compare. Therefore, we willgrea review and a discussion
of the literature taking into account investmend amcertainty with the different

strand.

There is no consensus on the exact nature of tldiorship between
investment and uncertainty. In general, differeffies of uncertainty are
highlighted by distinct theories. Some theories destrate the negative
relationship and some theories present evidencea faositive one. According to

Leahy and Whited (1995), investment under uncestdias two dimensions. First,



they make a distinction between theories that aeathe firm in isolation and
emphasize the variance in the firm’s environmertie Tauthors focus on the
theories that investigate the firm in relation ther firms and stress the covariance
in returns between investment projects. With regéwdthe first theories,
uncertainty itself plays key role for investmenthexeas in the latter case
uncertainty matters only if it affects covarianceecond, they can make a
distinction between theories that claim that thegimal revenue product of capital
(MRPC) is convex in some random variable, and tlesathat predict MPRC is
concave. In contrast with the latter case, in thvener case high variance of the
random variable will encourage investment. In &lthe theories that explore the
impact of uncertainty on investment, covariance/la key role. The importance
of covariance investigated by Craine (1998) in¢batext of capital asset pricing

(CAPM). According to CAPM

E(R) =R + 5 (E(Ry) - R;)

where;
E(R) is the expected rate of return on investment,
R, is the risk-free rate of interest such as cefuaalk interest rate,
B, is ( the beta coefficient) is the sensitivitytbé investment returns
Co(R,R
to market returns, or alg® :M,
Var(R,)

E(Ry) Is the expected return of the market,



E(R,)—R; is sometimes known as thearket premiunor risk premium(the

difference between the expected market rate ofrmedind the risk-free rate of
return.
The expected rate of return on an investment shogifpositively related to

that investment's risk, which, in turn, is measutey numerator of 8, (the

covariance of its returns with the market as a wholhe higher covariance is the
higher the riskiness of investment, an increase etkigected rate of return on
investment and reducing the level of capital stohe CAPM predicts that the
greater the covariance of returns the less thentheeto investment.

In general, firms invest less in the times whemehs high uncertainty, that
is, uncertainty discourages investment decisiore $&minal papers of Brennan
and Schwartz (1985), McDonald and Siegel (1986)Remidock, Siegel and Smith
(1988) were pioneer to build up an innovatory apploto the investment under
uncertainty problem. This approach indicates thakmess of the NPV criterion
for investment decision and suggested the viewnohaestment as a real option,
analogous to the financial option theory of BlaBkholes and Merton (1973). The
conclusion of the early models was that the uncdytglays an important role—
much more important than that of the discount fadtothe NPV model—in
investment decision making. The opportunity coste-talue of waiting to
invest—raises the investment threshold and thysedses actual investment.

As also stated in the introduction chapter, theedon for investment can
be determined by the NPV approach. If NPV is pesithen firms can take an

investment decision. The NPV principle leads to tepproaches. The first



followed Jorgenson (1963) compares the per-periadiev of capital marginal
product and the per-period user costs that camaloellated from the input price,
interest rates, and applicable taxes. The secardjulated by Tobin (1969),
compares the capitalized value of the marginalstment to its replacement cost.
However, the opportunity to delay project and ieesibility of investment make
the model based on NPV criterion incorrect. Aftecdrporating uncertainty in
assessing irreversible investment in natural ressrBrennan and Swartz (1985)
used the option pricing theory built up by Blaclda®choles and Merton (1973).
McDonald and Siegel (1986) identified the value deflaying the irreversible
project when there is an uncertainty and they fotived optimal timing of such
investment. Real option framework for assessingrthtiral resources assets is
developed by Tourinho (1979) and Paddock, SiegelSmith (1988). Since then,
the real options literature has grown. An outstagdsurvey and collection of
theoretical models is investigated in Dixit and dick (1994). Schwartz and
Trigeorgis (2004) present a wide-ranging colleoteitks of classical and recent

theoretical papers.

The main assumption of real options model for tteclsastic variable
(such as project value) is based on a geometrizvi@ielmn motion (GBM) process.
In order to describe long-term equilibrium, meaweréing processes are more
suitable contrary to GBM. A GMB process as an apipnation of a mean-
reverting process is examined by Metcalf and Ha44&X95). They argue that
mean reversion has two opposing effects on investmeder uncertainty: Mean

reversion not only reduces the probability of reagtihe investment threshold but



also investment threshold itself. Sarkar (2003)psuis that the two effects cancel
out only if the project’s risk is not correlatedtivthe market or/and investors are
risk neutral. By introducing systematic risk inteetHassett and Metcalf (1995)
model, Sarkar (2003) showed that a geometric Brawnprocess cannot
approximate a mean reverting process, and thasgbked of mean reversion has
effect on the probability of investing (and theestment-uncertainty relationship).
Sarkar demonstrates that mean reversion will irserébe project value and will
decrease the option value under the assumptiomati@hues are stochastic. Thus,
mean reversion will increase the probability ofasting and will alleviate the

investment-uncertainty relationship.

According to Antoshin (2006), the studies of Zgit890) and Nakamura
(1999) indicate that a high level of firm risk asi®n reinforces the negative effect
of uncertainty on investment. On the other hanfikna can be risk-seeking if the
potential losses are small. This means that thestmvent-uncertainty relationship
is positive at times of low uncertainty. This argmh is also supported by
Gryglewicz, Huisman, and Kort (2006). By accongtfor systematic risk, Sarkar
(2000) shows that uncertainty increases both thestment threshold and the
probability of hitting the investment threshold. ideggests that for low-growth
small firms, whose risk is highly correlated withet market, the investment-
uncertainty relationship can be positive at timésow uncertainty. In addition,
French and Sichel (1993) suggest that firms caat tregative and positive shocks

asymmetrically. If negative shocks prevail at timefs high uncertainty and



positive ones at times of low uncertainty, unceitaieffects are opposite under
low and high uncertainties.

Literature on capital imperfections does not exgic incorporate
uncertainty into the models. On the other handripeal-real option models
assume that the firm has unlimited access to fieaesources. One of the rare
attempts to bring these two lines of research tgyes made in Boyle and Guthrie
(2003). They assign uncertainty not only to projeaiue, but also to cash flows
and allow external financing to be a notable praporof the project value. In the
framework of their real option model, cash has bpposite effects on investment:
1) a larger amount of cash enables realization lafrger number of investment
opportunities; 2) under uncertainty, a heightereell of cash increases the value
of waiting because the funds will still be avaibh the future. Thus, in the
presence of cash flow uncertainty, liquidity has ambiguous effect on the
investment-uncertainty relationship: low liquidityepresses investment under
uncertainty even further, through the costs of @emg, and at the same time, low
liquidity persuades the firm to take the investmepportunity now, because the
prospects of project financing in the future areartain as noted by Antoshin

(2006).

Bar-llan and Strange (1996) analyze the effectsnaéstment lags. With
respect to them, these lags lessen the disincemtifert of uncertainty on
investment and tend to reduce inertia. For somarpater values, an increase in
uncertainty can actually accelerate investmengsalt contrary to that found in

papers without investment lags. The policy impimas of their results are worth

10



to discuss: projects with different investment lagsspond to uncertainty
differently. With a short lag, an increase in utaity delays investment. Thus,
the volatility of the economic environment is a rsfggant impediment to
investment. They show that with a longer lag, acre@ase in uncertainty may
encourage investment.

In the following chapter we will give an example ander to understand

intuitively basic concept of NPV and real option.
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CHAPTER Il

ILLUSTRATION OF PRICE UNCERTAINTY FOR LASTING
TWO PERIODS IN THE CONTEXT OF NET PRESENT
VALUE (NPV) AND REAL OPTION 2

In order to understand the real option, it is adystarting point to examine
a firm that is trying to decide whether to makeirarestment in a computer screen
factory. One of the investment decision charadiesss irreversibility that means
the factory can only produce computer screen, andld the market for computer
screen vanish, the firm can not disinvest and aqunsetly the expenditure are
sunk costs. Hence the firm is not able to recageexpenditure. Dixit and Pindyck
(1994) assume without loss of generality that #etdry can be built instantly, at a
costl, and will produce one computer screen per yeavin, and the operating
cost is zero. This assumption also implies thatgimect generates a steam of
cash flow equals to the price of output. At timelt® price of computer screen is
$200, but the following year it is assumed thaterwill change upward and

downward with an equal probability<£0.5). Therefore, with probabilitg, price

% This part is taken from the Dixit and Pindyck (299page 27-33.

12



of computer screen will go up to $300, and withlyadaility (1-p), it will fall to
$100. The price will then remain at this new lefaever (see Figure 3.1). The
probabilities of pricef) change and factory cod) @re important determinants of

investment decision. We will see this later.

Figure 3.1: Price of Computer Screen

t=0 t=1 t=2
30C 30 | ----
p
20C
1-p
10C 10C | .ven.

Price of computer screen (P)

The additional assumption that they make is torassthat risk over future
price of computer screen is completely indepenffemt what happens the overall
economy. Consequently, the firm should take riglefinterest rate in order to
discount future cash flows, and they assume tkkifree interest rate is 10
percent.

In order to illustrate concept of NPV and realiopt they assume that
[=$1600 anp=0.5. It is worth to raise the question that tlsi®igood investment
given these values. Should the firm invest nowyould it be better to wait a year

and see whether the price of computer screen gpe®rudown? Suppose

13



investment decision is taken to invest now. Cakingathe net present value of
this investment in the standard way. Furthermdne, éxpected future price of

computer screen is always $200 in our example.

E.1(P) = PE.,(P*) + (1~ p)E,,,(P*°*™) = 0,5* 300+ 0,5* 100= $200

NPVO = -1600+ :O % = -1600+ 2200=$600 (1)

It appears that the NPV of this project is positiMPV=)$600>0). The
current value of computer screen factory, whichytdenote by VO, is equal to
$2200, which exceeds the $1600 cost of the facteergording to NPV, theory the
future cash flows of an investment project arenested and if there is uncertainty
about those cash flow the expected value determifieel expected cash flows are
discounted at the cost of capital for the corporaind the results summed. If the
NPV is positive the project is worthwhile and shbbke pursued. If it is negative
the project should be turned down. If the NPV isozié does not matter to the

corporation whether the project is accepted orctege Therefore, a firm

considered in our case should invest.

The conclusion drawn above is incorrect, sincgnbres one of the main
characteristics of investment, timing of investmemh other words, the
computations above disregard a cost -the oppoyteost of investing now, rather
than waiting and keeping open possibility of natasting should the price fall. In
order to make it clear, let us make above comprndor the NPV of this project a

second time, rather than investing now, a firm widlit one year and then makes

14



an investment if computer screen price increasese(pf computer screen =$300,
noting that only investing if price of computer sen increases is in fact ex-post

optimal). NPV turns out to be calculated as fobow

NPV, = (05) =$773 ()

~1600 i 300 |_850
1+01) < @+o01n'| 11

It is worth to note that in year 0 above examfiere is no investment;
consequently there is no revenue and no expendityrear 0. In the next year, in
case only price rise to $300, the $1600 is spdmt Mappens with probability 0.5.
Therefore, if a firm waits a year before taking ttexision on whether to invest in
the factory, the project’'s NPV today is $773, wilaerét is only $600 if a firm
invests a year 0. It is obvious that it is bettewait a year than to invest year 0.

Note that if a firm’s only choices were to investlay or never invest, a
firm invests today in above example since NPV isifpge. In that case there is no
option to wait a year, hence no opportunity coskitbsuch an option, so the
standard NPV rule applies. Two things are needethttoduce an opportunity
cost into the NPV computation — irreversibility,dathe ability to invest in the
future as an alternative today. The less timeetl®eto delay, and the greater the
cost of delaying, the less will irreversibility afft the investment decision.

How much is it worth to have the flexibility to makthe investment
decision next year, rather than having to invetsteeinow or never? (a firm knows
that having this flexibility is some of value, besa a firm waits rather than invest

now). The question is then what is the value o$ tliexibility option’? The

15



answer is simple to calculate; it is just the diéfece between the two NPV’s, that
is, NPV1- NPVO ($773-$600= $173). Put it diffedgnthe firm is ready to pay
$173 more for an investment opportunity in caseflexibility instead of only
invest now. In sum, the firm is better off waitingtil next year to take a decision
for investment. As it is shown by above examplep twportant of investment
characteristics play a key role when a firm makes imvestment decision,
irreversibility and possibility to postpone. Funthmore, above example also
indicates the weakness of standard neoclassicaksiment model (NPV value
approach). This can be explained due the fact ttraversible investment
opportunity is much like a financial option, that & firm has an opportunity to
invest holding an ‘option’ that is analogous tdrahcial call option. In sense that
a call option gives the right but not obligatiorr Bbme specified time (at some
future time) to pay exercise price and in retury bo asset that has some value.
Furthermore, exercising the option is also irreNses despite the fact that an asset
can be sold to another investor, one cannot recibvepption or the money that
was paid to exercise it. A call option to investaduable in part because the future
value of an asset obtained by investing is unaertaithis context, the investment
rule can be equivalently stated as follows: inweken the value of the project

exceeds its cost by an amount equal to the opadurevof waiting to invest.

It is worthwhile to reexamine above example in tohatext of real option.
Let F, be the value option next year. There are two pddss of price

movement either price is up or down. If price gopgo $300 then

16



= -1600+ > 20

Sy

However, in case of price fall to $100, the opti®mot exercised. It means

F, =0. In order to compute the value of the option todgy we should form a
portfolio with two components: first component isetinvestment opportunity
itself and second component has a certain amouotitpiut. The portfolio is risk-
free that assumption is needed for no arbitragelibon. Therefore, the value of
the portfolio today can be computed as follows:

Jy = F, —nR,
Today price is By =%$200, and then the value of the portfolio today is
J, = F, —200n. In the same manner, the value of the portfolionkext year which
depend onP, can be obtained:

J, =F —-nk

The next year price is $300 in caseRf(goes up to), then

=-1600+ 2;( )

Consequently2,, =1700-300n, if price went down to $100, theR, =0, this
case implies that option is unexercised and hefige=0-100n=-100n.n is
chosen such that the portfoli¢, is risk-free that means we should equate

J, =5,

a

1700-300n =-100n,

17



From above equation, we get=85. We can also calculate the value of the
portfolio for next year is
J, = -100* 85 = -850,
or, ¢, =1700-300* 85= -850
The value of the portfolio for next year in bothsea (either price up or
down) is —850. Before computing the capital gainttaé portfolio, we should
calculate the payment that must be received byadhder of short position (option
premium). Return of this portfolio can be obtairsedfollows:
portfolio_return= 4, -, — option_ premium
Since the expected price for next year is the sasneurrent year ($200),
and the price does not change over time, the eagecite of capital gain on
computer screen is zero. No rational investor wdudwilling to hold a long
position because of no capital gain in the longitefhe holder of a long position
should expect to receive at least 10 percent irerotd hold long position.
Therefore, selling computer screen short will reguia payment of

(r* B, = 0.1* 200) $20 per computer screen per year. It is worthaie that this is

analogous to selling short a dividend paying stdble short position requires
payment of the dividend, no rational investor wiitild the offsetting long position
without receiving that dividend. We obtained thershposition of 8.5 unit of

computer screen previously in our portfolio ande®sily can calculate the option
premium as follows

option_ premium= required_return* n = 20* 85=$170

18



It is time now to compute the capital gain of holglthis portfolio over the
year:
portfolio_return= 4, -8, — option_ premium
9, -9, -170=9, - (F, -nP,) =170
=-850-F, + 85* 200-170
=680-F,
Since there is no arbitrage and the above retuiakisree, any capital gain
must equal to 10 percent of the initial portfolioat is,
680- F, = 01* (F, —1700
We can obtain thaF, = $773. That is the opportunity cost of investing todkys
also obvious that this is the same value that werdene before the computing the
NPV of the investment under the assumption thatwile follow the optimal
strategy of waiting a year before deciding whetioeinvest. In the next section

we will focus on computational technique used ial @tion, namely contingent

claim analysis, in a greater detail.
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CHAPTER IV

METHODOLOGY: CONTINGENT CLAIMS ANALYSIS

There are basically two techniques in the realomgstitheory in order to
calculate the value of waiting to invest (investterpportunity); dynamic
programming and contingent claims analysis (Dird #indyck[1994]). Although
these two techniques are strongly associated vatih ether, and lead to yield
identical outcome in many applications, two techesdiffer from each other due
to the fact that they have different assumptionsualdinancial markets, and
discount rates that firms use to value future démshs according to Dixit and
Pindyck (1994). Furthermore, the discount rateetednined endogenously as an
implication of the overall equilibrium in capitalarkets in the contingent claims
analysis (CCM) as compared to dynamic programmigleence CCM suggests a
better dealt with the discount factor. To summanzRy we prefer use of
contingent claims analysis of real investment oppuoties, the assumption of
uncertainty affecting the discount rate and coreece yield appears to be the

most plausible one. This arguments is paralleltyg@wicz et all (2006).
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On the other hand, one of the core assumptiontsilCCM is that existing
assets with a price that is perfectly correlatethv) so that uncertainty over
future values of Q can be replicated by existingetss must span the stochastic
variations in Q. With this assumption, CCM allows make analysis the
equilibrium impact of the systematic risk on theadiunt rate, and, on the value of
investment option and, the investment policy byngghe intertemporal CAPM of
Merton (1973) as pointed out by Gryglewicz et @&0@6). Using the spanning

technique, let P be the price of the asset thpergectly correlated with Q. Let

Pey be the correlation of P with market portfolio Meth pp = 0y - Since P is

perfectly correlated with Q, P is assumed to evtiesame way:

dQ = pQdt+0Qdz (3)

dR = 7R dt + oRdz, (4)

where 4 is the drift parameter or the expected percentaigeof change in
Q (the growth rate of Q)7 is the volatility (uncertainty) of the process andd, is

the increment of a standard Brownian Motion processch is log-normally
distributed. 7 is risk-adjusted rate of return on this asset.tiBy Capital Asset

Pricing Model (CAPM),7 also reflects the asset’s systematic risk. Tihis given

by:

TT=t +A0py O (5)
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where A= (rM _% is the aggregate market price of rigk, is the
M

expected return on the market which can also bsidered as return of the whole
market portfolio that provides availability of dig#fication. r is risk-free interest
rate and assumed to be exogenous. The risk prenmsudetermined by the
covariance betweer), andr . It is assumed that> 4 in order to guarantee that
a firm makes invest in the project. Convenienceldyief the investment
opportunity is described as the difference betwaerthe expected return of the
project, andu, the expected percentage rate of change in Q.difference is
shown byd or put it differently, which is an opportunity casttdelaying investing

in the project and keeping the option to investaliAnd thereforeg satisfies:

5=1-U=1+N0n0~ )

In case ofd =0, that isn = u, then this implies that there would be no
opportunity cost to keeping the option alive, ahd firm never invest in this
project. Therefore, it is worth to analyze the cabere d >0, which is said before
this assumption ensures that the investment is emndertaken; otherwise it is
never optimal to exercise the option. We will méiis point more clear later. The
level of uncertainty faced by the firm is measubgdthe volatility parameteo .
From (6) we obtain that a changesimesults in a change af, which must lead to
an adjustment of eithem or J or both. In general, this relation depends on vidat
assumed to be an endogenous parameter affectedhanges in volatility. A

certain guideline in this respect could be Pind{g®04), which relates commodity
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inventories, spot and future prices and the levelvaatility. The model is
estimated for several commodities and the reshlisvghat a volatility shock has
a significant effect on the convenience yield anty @ small effect on the price.
Consistent with this evidence, it also seems tantoee common in the related
literature on the investment—uncertainty relatigmsb assume that is fixed and
o0 changes witho (e.g., [Sarkar, 2000] and [Sarkar, 2003]) as presk and
pointed out by Gryglewicz et all (2006). We follo@ryglewicz et all (2006)

assumptions.

It is also obvious under the above assumptionithaase ob is very large
which implies the opportunity cost of waiting isda, thus the value option will be

very small (from equation 6). Thys (the expected percentage rate of change in

Q) then can be expressed as:

1Y), .| dQ
=| — El —
g ( dt ) { Q } @
and if we plug 7 into 69 can be expressed as a function of Q:

w5

It is worth to focus on the value of the projeandted byV(Q), before

dwelling at greater length on the option to investinand the optimal investment
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policy. The project value is a function of the $tastic revenues and changes over
time and depends on the current realization of Igg groject value\((Q) ) can be
obtained by the expected present value of the tevetream discounted by the
risk-adjusted discount rate. If the project hasnate life of T years, then the
project value at the time of the investment as fdated by Gryglewicz et all
(2006) is

1— g (1P

= :T ~(77=)t -0-—
Q Q} JerrQd=Qrn O

V(Q)= E{j e Qd,

Before the project is installed, the firm holds aption to invest. The
option is held until the stochastic revenue flowaiges a sufficiently high level at

which it is optimal to exercise the option and istvd he option valueK (Q)) can

be found by constructing a risk-free portfolio, eletining its expected rate of
return, and equating that return to the risk fiste of interest rate, r. To construct

such a portfolio, consider holding an option todsty which is worth F (Q).
Assume short position oN = F (Q) units of the project. In order to compute

value of this portfolio, we use standard approdwi®i{ and Pindyck(1994), ch 5)

and the value of portfolio is given by:

w=F(Q)-Q*F (Q) (10)

dw=dF(Q) -dF (Q *Q-dF (Q *dQ (11)

% This part is summarized chapter 5 in Dixit and pakg1994)
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- dF o GF
h FQ=— Fll@)=—
where Q) do D=3

The composition of the portfolio will be changedrfr one short interval of
time to the because of the fact that the portftiiat is constructed is a dynamic
portfolio. However, over each short interval lengtth N is held as a fix.

This short position in this portfolio will requira payment ofQF (Q)

dollars to holder of the long position every timeripd. As the total expected
return on the project that can be obtained froma&qguo 6 is equal to expected rate

of capital gain plus the dividend rat& € 0 + 1) and consequently an investor
holding a long position in this option will clairhé risk-adjusted return as follows:

m™Q = 0*Q + u*Q (12)
——

riskadjusedtotalretirn dividend_stream  capital _gain

where 0* Q refers to dividend stream and* Q the growth of the firm’s

project (capital gain). On the other hand, theltetarn from holding the portfolio

over a short time intervak is given by

dw- JQF (Q)dt (13)
If we plug equation (11) into equation 13 arnds iworth to note that we

assume thatN = F (Q) does not change over timdt, therefore, in the above

equation the termdF (Q)Q dF'{QJQ is omitted in the equation 11, therefore, we

get following expression;

dF(Q) - F (Q)dQ-&F (Q)dt (14)
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dw — 8QF(Q)dt dw = dF{(Q) — F'{Q)dg— QF(Q)diln order to get an

expression fodF, it necessitates making use of Ito’s lemma:

dF = F'(Q)dQ+% F'(Q(dQ)? (15)
where
. _d*F
F Q=0

In order to get last term in equation 15, we tatpgase of equation 3 and get the

following equations:

(dQ)? = (1Qdt)? + 2uadtdz+ (0Qd2)?
(16)dQ)? = (pQdt)? + 2ucQ?dtdz + (ocQdz)?
As dzis the increment of Wiener process and satisfiedf¢llowing conditions:

And dz* =dt, dt*=0
Second term is also close to zero and it vanishéise equation 16, therefore we
end up:
(dQ)* = (oQd2)* (17)
or(dQ)? = o?Q%dt  (d@)? = {(eQdz)?

The total return on the portfolio can be expressed.

%F |(QQ)? - QF (Q)dt (18)

LF(0)(d0)? — 50F'(Q)dtAgain substituting equation 17 into 18,

we end up total risk-free return on this portfolio:
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~oQF (Q)dt- &QF (Qt (19)
In order to satisfy no arbitrage condition, equatil9) must be equal to
rwdt (= r (F (Q) - QF (Q))dt. If we equate this expression with the total
risk-free return on total portfolio, we get theléoling expression,

%O’ZQZF (Q)dt - RF (Q)dt = r[F(Q) - QF (Q)Jet (20)

rwdt = r[F{Q) — F'(Q)01dtDividing both side of equation 20 bgt and
rearranging the above equation, which yields tleerse order differential equation

that F (Q), must satisfy:
%UZQZF"(Q) +(r-3)QF (Q-1F(Q) =0 (21)

F (Q) also satisfies the following boundary corats:

FO)=0 (22)
F(Q*) =Q* -l (23)
F(Q) =1 (24)

Again Q* represents value of the project at which it isropt to invest.

Condition (22) states that wh&p =0, the value of the option to invest has
no value. Equation (23) is the value-matching ctoidithat is upon investing; the
firm receives a net payoffQ* -1 . Rewriting (23) asl =Q* -F(Q*) which
implies that when the firm invests in the projetgets the value€, but gives up

the opportunity to inves$t(Q) .

* Cox and Ross (1976) prove that the same solusiobtained by implementing dynamic
programming technique under the assumption thaigahts are risk-neutral.
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The critical valueQ* is obtained when this net ga@* —-F(Q*) is equal
to the direct cost of (investment). Put it differently, the value of theject Q*
(Q* =1 +F(Q*) ) is set equal the direct cost of investméntplus the opportunity
cost F(Q*) F{2*). Equation (24) is the smooth-pasting conditionafTik, if F(Q)
were not continuous and smooth at the critical @df, it is better for firm to
wait Atto observe next step @f. To solve forF(Q) we must solve equation 21
subject to the boundary conditions (22,23 and R#HDonald and Siegel (1986)
suggested that the solution that satisfies theitiond22) must take the forin

F(Q) = AQ” (25)
Condition (23) and (24) can be used to solve fartfich is a constant to

be determined, and for optimal value @f, S is a known constant whose value
depends on the parameter; r and, J ¢ of equation (21), wherg >1.
To obtain value ofA and Q*, we substitute equation (24) into (23) and (24) so

that

F(Q) = AQ*/ =Q* - (26)

And then, from equation 26, we get

A= QQ;' 27

By equation (24)F (Q) = ABQ*#™ =1, using (27) to substitute for A we obtain:

*F(Q) = AiQﬂ1 + AZQ'/”2 Since boundary condition (22) Is (0) = 0 which implies that

A, =0.

28



LI x| B
,8(1 Q*J lor Q (ﬁ_ljl (28)

Substituting (28) into (27) in order to obtain dueafor A as

B B
| =1 =Dl
" T ey (s (29)
ﬁ 5 ﬁ 5 |(/J’—1)IB/J’
(T 1) R (S 1)
(B-1) (B-1)

In order to find 5, we should take the derivatives of equation 25waed

end up the following equations:
F'(Q) =ARY™ (30)
F'(Q) = AB(B-1Q¥ (31)
If we plug, (30) and (31) into the second di#fietial equation (equation
21), we end up with the following quadratic equatio

%Jzﬁ(ﬂ—l)ﬂr ~8)f-r =0 (32)

We are looking for the positive rootS(>1) of quadratic equation 32

Then we obtai as follows in terms parameter,

2 o? o 2

ﬁzl_(r—(r +)I,00'—,U))+\/@(r—(r+/1pa—,u))_1}2 2r

= > = +—2] >1.(33)
g

or

p=l_ (ﬂ—/lpa)Jr\/{[(ﬂ—)ipa)_lT +2_er

2 o o 2 o

And more simplifying of equation (33) can be alsdtten as follows:
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1 -5 |[[[r=6_ 1] 2r
'8_2 o? +\/H o? 2} +0'2J (34)

Therefore, S depends on value of the parametérgz and,r . In general,
r is treated as a constant. Furthermore, we gfumm order to solve for Q* in

equation 27 which yields the investment trigger:

«_ B r+Apo-p

Q (ﬁ _ 1) 1- e—(r +Apa-u)T I (35)
or

58

D™

from equation 35, we can conclude that the investmagger value hinges
£.,0,r,0, and T. We will explore the relationship betweeigger value of
investment and relevant parameter in the followgegtion. In particular, we are
interested in more what the impact of change tivellef uncertainty ) on

investment.
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CHAPTER V

ECONOMIC ANALYSIS OF THE NON-MONOTONICITY
RESULT

In this chapter will be related to economic anaysi non-monocity result
and examining the consistency of the parameterspaesenting results of our

simulations.

5.1 Economic interpretation of the impact of uncerainty on investment

In this section, we will focus on and summarize @kwicz et all (2006).
We also present an economic interpretation of tba-monotonic effect of

uncertainty shown in{o >0). The investment trigger can be stated as

B r+Apo-pu
,8 _ 1) 1- e—(r +Apo—u)T

Q*=(
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At this point it is a good starting point to traak the variables that are
influenced by uncertainty and consider the triggalue as a function ofiwvo®
parametersQ* (8(o), 5(o,0). Then the derivative of the investment triggerhwit

respect tas can have three effects in the following way:

0Q* 90 L 0Q* 95  0Q* 9f 90
30 00 3B 0o 3B a3 dc
\ﬁf——J

Discountirg Volatility Conviniene
Effect Effect yield
Effect

diQ* (6(0), B(0,3) = (36)
ag

The three effects have a clear explanation and bashan unambiguous
sign (for the case dfp>0). The discounting effect, the first term on thght-hand
side, is related to the impact of revenue uncedstaom the rate used to discount
that affect the project value. An increase leveluntertainty leads to raise the
discount rate via risk premium component, whichrdases the NPV of the
investment project. This means that it is lessaative or profitable to invest in
this project, which ends up an increase of thegénigvalue. Therefore, it is

concluded that the discounting effect is alwaystp@s

Since the derivative of the trigger with respecidas two effects due to
fact S is a function ofoc and d. The first effect is called by Gryglewicz et all

(2006) as volatility effect and second one is chlb®nvince yield effect. These
two effects capture the impact of uncertainty oa ¥alue of the option to wait.

According to Gryglewicz et all (2006), these twdeets combined as the option

®Since both3 and & depend org . The value of trigger investment is a functiortroke
parameters.
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op

effect. The volatility effect, which is charactexz by the derivativeab?a—
o

reflects the direct impact of uncertainty on thé&eeaof the option to wait. Higher
uncertainty raises the upside potential payoff fréne option, leaving the
downside payoff unchanged at zero (since the optiimot be exercised at low
payoff values). This is the well-known positive iagb of uncertainty on the option
value with respect to Gryglewicz et all (2006) dhdit and Pindyck(1994). A(n)

decreased (increased) option value means thairthd&s less (more) incentive to
wait. This increases the opportunity cost of investand consequently the

investment trigger will increase. Hence, the efieatlearly positive.

0Q* 985

The product
0 00 do

in equation (36) reflects the influence of

uncertainty on the option value via the convenieyietd that can be called as the
convenience Yield effect. Decreased uncertaintyges the risk premium of the
expected rate of return and thus also the conveaigield, which in turn drops the
opportunity cost of holding the option and conseqlyeincreases its value. For
this reason it is attractive to invest later, whialses the trigger.

All in all, from above discussion one can concludat the convenience
yield effect is negative, whereas the discounting 2olatility effects are positive.
It is obvious that, under the condition that if t@venience effect dominates the
two other effects, one can observe the positivatimiship between uncertainty

and investment.
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Table 5.1. The impact of uncertainty on investment

The three effects of uncertainty affecting the tpmsiof the investment trigger for

the set of parameterg=0.08,r=0.1, p=0.7,1=0.4,1=10, Q=1

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

T=10

*

Q
5.52

4.44
3.77
3.34
3.05
2.86
2.74
2.67
2.65
2.65
2.68

2.73

@)

7.47
5.95
5.01
4.39
3.97
3.68
3.49
3.38
3.31
3.28
3.28

3.31

0.242.79| 3.34

2)

0.00
1.19
2.15
2.99
3.75
4.40
4.95
5.36
5.65
5.85
5.99
6.09

6.17

©)
~77.23
-48.51
-33.70
-25.03
-19.47
-15.66
-12.92
-10.90
-9.38
-8.24
-7.37
-6.70

-6.19

4)
-69.77
~41.37
~26.54
~17.65
~11.75
-7.57
-4.48
-2.17
-0.42
0.90
1.91
2.69
3.32

T=30

*

Q
2.22

1.87
1.66
1.54
1.46
1.43
1.42
1.44
1.47
1.53
1.59

1.67

1)

8.38
6.86
5.92
5.29
4.88
4.60
4.43
4.34
4.30
4.30
4.34

4.39

)

0.00
0.50
0.95
1.38
1.80
2.20
2.57
2.88
3.15
3.37
3.55

3.72

175 4.46| 3.87

3)
-31.03
~20.44
~14.86
~11.53
-9.35
~7.82
-6.70
-5.86
-5.22
-4.74
-4.37
-4.09

-3.89

(4)
-22.65
-13.08
-8.00
-4.86
-2.67
-1.02
0.29
1.36
2.22
2.93
3.52
4.02

4.45

The columns present: the discounting effect (¥)vthatility effect (2), the

convenience yield effect (3) and the total effért (

We reproduced Gryglewicz’s et all (2006) resultsmigsheir method in the

Table 5.1.The parameters that are used in the takén from Sarkar (2000) He

chooses these values for the following reapef.7 reflects a projects imperfectly

(but positively) correlated with market, he statiegt this number assigns for the
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correlation is a description of the majority of §v®jects; and the market price of
risk value §£=0.4) is the approximate historical average (see Bedliall., 1996,

p.185). Risk-free interest rate,r is chosen as byeldixit and Pindyck (2004)u

is chosen such that it must guarantee the conddior®.

It is worth to note that both discounting and wtitgt effect has positive
sign independently from time horizon. The conveoeeyield effect is negative for
all level of uncertainty that presented in our ¢afr both short and long project
life (T=10,30). However, the longer the projectlitotal effect takes only negative
value for the low level of uncertainty. For examphden T=30, up to 0.1 level of
uncertainty, total effect is negative and aftes tleivel, it turns out to be positive.
This argument supports non-monotonic effect of wadaty. Lastly, the trigger
value of investment for short life project is lovthan the long life of project. This
finding also supports Sarkar (2000) in a sense\lnn project life is short, it is

more likely to be positive relationship betweendstment and uncertainty.

5.2 Consistency of Parameters

In order to verify the consistency of parameters, imvestigate the value
that assign for parameters in Table 1 are congigtemot. In other words, we

checked whether these parameters guarantegfiidt and J >0. We confirm

that these parameters are consistent.
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It is worth to note that we can obtain the value/ofin previous section

and we can calculaté and S as follows

2
O=1+APp 0~ U andﬁ:%—r_25+\/[[r _25_1} +2_r2]
o

We use above equations in order to verify consistef parameters. For this purpose, we

construct Table 5.2.
Table 5.2 Consistency of the model parameters

O0=n-u>0, and, §>1 are the main assumption of the model. Hence it is

important to verify whether the parameters that em®sen for numerical analysis satisfy
the main assumption. The assumptions are basicalgranteed that investment will

undertake.

G r A p U n §>0 | B>1
0.01 0.1 0.4 0.7/ 0.08/ 0.103| 0.023| 1.295
0.02 0.1 0.4 0.7| 0.08/ 0.106/ 0.026| 1.343
0.04 0.1 0.4 0.7/ 0.08| 0.111| 0.031| 1.446
0.06 0.1 0.4 0.7| 0.08| 0.117| 0.037| 1.558
0.08 0.1 0.4 0.7/ 0.08] 0.122| 0.042| 1.673
0.10 0.1 0.4 0.7/ 0.08/ 0.128/ 0.048| 1.788
0.12 0.1 0.4 0.7/ 0.08 0.134| 0.054| 1.893
0.14 0.1 0.4 0.7/ 0.08/ 0.139| 0.059| 1.983
0.16 0.1 0.4 0.7/ 0.08/ 0.145| 0.065| 2.054
0.18 0.1 0.4 0.7/ 0.08/ 0.150/ 0.070| 2.105
0.2 0.1 0.4 0.7/ 0.08/ 0.156| 0.076] 2.138
0.22 0.1 0.4 0.7/ 0.08/ 0.162| 0.082| 2.156
0.24 0.1 0.4 0.7/ 0.08/ 0.167| 0.087| 2.162
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Furthermore, we also check the consistency of Hrampeters which are
not explored intensively Gryglewicz at all (2008)e construct Table’®ased on
the value used by the authors. The results thablwain from in Table 3 also
verify the parameters that are chosen for numerellysis satisfy the main

assumption § =n—u >0, and, S >1). We make another simulation in order to

compare the Sarkar (2000) arguments with Gryglewatcall (2006) methodology.
For this purpose, we form the Table 4 (Appendixcdrding to Sarkar (2000)
assumptions the uncertainty—investment relationghipore likely to be positive
when (i) the current level of uncertaintyis low, (ii) A is high, (iii) p is high, (iv) r

is high, (v)u is low, and (vi) T is short. Taking these assuomngias a granted
using Gryglewicz at all methodology, we choose ftbdowing parameters;

M1 =006, r =015,p =09, A =0.7. The first thing should be worth to mention

is that these two paper support each other. THerdifce comparing to Table 1
with Table 4 is the positive relationship betweemcertainty and investment
verified in the low level of uncertainty in Tablecbnsidered the Sarkar (2000)
arguments. For example, it is important to note thato 0.04 level of uncertainty
in Table 4, we can observe positive relationshipergas this positive relationship
can be observed in Table 1 up to 0.1 level of uac#ty. Therefore, we can
conclude that other variables also play importate impact of uncertainty on
investment. Equally more important, the first etfédiscounting effect) andg

became convex function of uncertainty in Table k. table 5, we change the

model basic parametersy € 004,r = 005, p = 001, A = 001) (by doing this,

" Please see the Appendix.
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we assume that the market price of risk and prajettrn less correlated with

market return and interest rate is so low, tieandd became almost constarf,

is a decreasing function ej and we observe that under new parameters when
close to zero (very low level of uncertainty) wancget positive relationship
between uncertainty and investment. Therefore, weclade that in order to
examine the relationship between uncertainty andstment, an economic state
(low or high interest rate area) and the charastierof investment play also key

role.
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CHAPTER VI

CONCLUSION

The neo-classical theory of investment emphasibes inportance of
simple net present value (NPV) rule. Accordinghis tule, a firm should invest in
a project as long as the NPV is positive. Thaths,present value of the expected
stream of profits that this project will generateosld be greater than its cost.
However, the classical theory neglects three mharacteristics associated with
investment decision, namely, irreversibility, urnteerty, and timing of investment.

In this thesis, we try to demonstrate bottleneckN&fV approach and
briefly explain the real option approach. Moreowee, focus on contingent claims
analysis (CCA)in the real options theory in ordecélculate the value of waiting
to invest (investment opportunity). We investigite CCA in details. We also
present the each step for calculating the oppdstuaiwait.

Sarkar (2000, 2003) and Gryglewicz et all (2006)gra are important in
the investment under uncertainty literature in mssethat their conclusion is, on

the contrary to literature, uncertainty may accdkeinvestment. We examine the
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conclusion of the Gryglewicz et all (2006) paped are also show the discounting
and volatility effects are positive, while the cemence yield effect is negative
numerically. The positive relationship between utaiaty and investment hinges
only if the convenience effect is much higher thiéwe two other effects.

Furthermore, we incorporate Sarkar (2000,2003) pgmeameter to check
whether or not his paper supports Gryglewicz e(24l06) despite difference their

theoretical framework

We also check the consistency of the parametershwisi not explored
intensively Gryglewicz at all (2006). We figurecetlialue of that play critical role
based on the value used by the authors. The regeltsbtain that also verify the
parameters that are chosen for numerical analydisfys the main assumption
(0=n-u>0,and, B >1). Furthermore, we investigate impact of uncerjaort
investment under different economic condition. V¢ thhe conclusion after some
numerical simulations that in order to examine tredationship between
uncertainty and investment, an economic state poWwigh interest rate area) and

the characteristic of investment play also key.role

There are some limitations of thesis. If one us$esuse mean-reverting
process rather than GBM, this topic will be moreeiasting. Besides, when we

change the parameters of the model why fhéas different functional form will

be appealing.
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APPENDIX

Table 3: Model's parameters and Replication of théModel

o r A ) 1 b ) B | (1) (2+3) | Total
0,0001 0,1 0,4 0,7 0,08| 0,103 0,023| 1,295 10| 7,456258| -77,0209| -69,5647

0,02 0,1 0,4 0,7 0,08, 0,106| 0,026| 1,343 10| 5,950338| -47,3239| -41,3736
0,04 0,1 0,4 0,7 0,08/ 0,111 0,031| 1,446 10| 5,009625| -31,5525| -26,5429
0,06 0,1 0,4 0,7 0,08, 0,117 0,037 1,558 10| 4,388601| -22,0354| -17,6468
0,08 0,1 0,4 0,7 0,08| 0,122 0,042| 1,673 10| 3,967439 -15,7205| -11,7531
0,10 0,1 0,4 0,7 0,08, 0,128| 0,048| 1,788 10| 3,681877| -11,253| -7,57108
0,12 0,1 0,4 0,7 0,08, 0,134 0,054| 1,893 10| 3,493161| -7,97722| -4,48406
0,14 0,1 0,4 0,7 0,08/ 0,139 0,059| 1,983 10| 3,375326| -5,54352| -2,16819
0,16 0,1 0,4 0,7 0,08| 0,145 0,065 2,054 10| 3,309693] -3,73289| -0,4232
0,18 0,1 0,4 0,7 0,08/ 0,150 0,070| 2,105 10| 3,282478| -2,38544| 0,897035
0,2 0,1 0,4 0,7 0,08, 0,156 0,076| 2,138 10| 3,283575| -1,37731] 1,90626
0,22 0,1 0,4 0,7 0,08/ 0,162 0,082 2,156 10| 3,305685| -0,61403| 2,69165
0,24 0,1 0,4 0,7 0,08| 0,167 0,087 2,162 10| 3,343593 -0,02606| 3,317537

(1)

0Q* 3 _ 1B 1-e°C —5(g)Telor Ao

00 o (p-1) [L-er

(2+3)

0Q* 98, 9Q* B33 _ If (o) (B-1)o-1p

0B 90 0B 0600 (B-1)*1-e 1

ﬂ 18 (ﬁ 1) 0.2 ﬂ_E +,U_/1p0-
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Table 4: High level of market risk, interest rate,and, correlation with market return

c r A p H T ) B (1) (2+3) | Total
0.0001 0.15 0.7 0.9 0.06| 0.150| 0.090| 2.503 10| 6.779945 -17.6695| -10.8896

0.02 0.15 0.7 0.9 0.06| 0.163] 0.103| 3.136 10| 6.152626| -13.3202| -7.16761
0..04 0..15 0.7 0.9 0.06| 0.175| 0.115| 4.030 10| 5.730621] -9.30125| -3.57063
0.06 0.15 0.7 0.9 0.06| 0.188| 0.128| 5.078 10| 5.507498| -5.38906| 0.11844
0.08 0.15 0.7 0.9 0.06| 0.200{ 0.140| 5.919 10| 5.455377| -2.43099| 3.02439
0.10 0.15 0.7 0.9 0.06| 0.213] 0.153| 6.335 10| 5.510698 -0.75744| 4.75326
0.12 0.15 0.7 0.9 0.06| 0.226| 0.166| 6.415 10| 5.620297] 0.12708| 5.747373
0.14 0.15 0.7 0.9 0.06| 0.238| 0.178| 6.305 10| 5.756301] 0.63221| 6.388508
0.16 0.15 0.7 0.9 0.06| 0.251] 0.191| 6.107 10| 5.905543 0.95529| 6.860836
0.18 0.15 0.7 0.9 0.06| 0.263]| 0..203| 5..873 10| 6.061501] 1.18518| 7.24668
0..2 0..15 0.7 0.9 0.06| 0.276] 0.216| 5.632 10| 6.220665 1.36386| 7.584525
0.22 0.15 0.7 0.9 0.06| 0.289| 0.229| 5.397 10| 6.380987| 1.51264| 7.893632
0.24 0.15 0.7 0.9 0.06| 0.301] 0.241| 5.173 10| 6.541195 1.64309 8.18429

(1)

0Q* a3 _ 18 1-e - (g)Teln Ao

05 a0 (B-1) (1_e—d(J)T )2

(2+3)
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Table 5: Low level of market risk, interest rate,and, correlation with market return

g r A p 3 T ) B (1) (2+3) | Total
0.0001 0.05 0.01 0.01 0.04| 0.050000, 0.010000; 1.250 10| 0.002583 -0.03941| -0.03682

0.02 0.05 0.01 0.01 0.04| 0.050002 0.010002] 1.249 10| 0.002596| 2.567501| 2.570097
0.04 0.05 0.01 0.01 0.04| 0.050004 0.010004| 1.244 10| 0.002634| 5.149106| 5.15174
0.06 0.05 0.01 0.01 0.04| 0.050006| 0.010006| 1.237 10| 0.002697| 7.662557| 7.665254
0.08 0.05 0.01 0.01 0.04| 0.050008 0.010008 1.228 10| 0.002784| 10.09029 10.09307
0.10 0.05 0.01 0.01 0.04| 0.050010, 0.010010; 1.217 10| 0.002895 12.42731] 12.4302
0.12 0.05 0.01 0.01 0.04| 0.050012 0.010012] 1.206 10| 0.003028 14.67851]| 14.68154
0.14 0.05 0.01 0.01 0.04| 0.050014| 0.010014| 1.194 10| 0.003183| 16.85486| 16.85805
0.16 0.05 0.01 0.01 0.04| 0.050016| 0.010016] 1.182 10| 0.00336| 18.9699| 18.97326
0.18 0.05 0.01 0.01 0.04| 0.050018 0.010018 1.170 10| 0.003556| 21.03725] 21.0408
0.20 0.05 0.01 0.01 0.04| 0.050020, 0.010020; 1.159 10| 0.003773 23.06924| 23.07302
0.22 0.05 0.01 0.01 0.04| 0.050022| 0.010022] 1.148 10| 0.00401| 25.07628| 25.08029
0.24 0.05 0.01 0.01 0.04| 0.050024 0.010024| 1.138 10| 0.004266| 27.06673 27.07099

(1)
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