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Abstract

This paper proposeal model for strategic decision-making: internatiaion mode
valuation using real-options. Our model extends litératures about real options and IB.

We try to answer the “how” and “when” questionsatet! to the international growth
of a firm’s business. How do firms decide to eitlpeoceed with exports or foreign direct
investment? And when should one or the other opbieroptimally exercised? Our model
exposes best strategy for different values of amitygWe find that ambiguity increases the
minimum size of the foreign market needed in ofdetthe firm to internationalize (through
exports or FDI). Export is chosen for foreign maskef small size and FDI for larger size
because of the breakeven point, which is highet.vBualso show when ambiguity is high,
that the minimum size of the foreign market needset so large that the company will prefer
to enter the foreign market directly through FDIl.eVedditionally show that ambiguity
increases the value of the waiting option to indionalize. Finally we take into account the
fact that the relationship between ambiguity are thinimum quantity necessary to enter a
foreign market is modified by the risk level, therrelation of the foreign market with the

market portfolio, and the life-time of the project.
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Introduction

Internationalization of the business and the fiitma key issue in nowadays’ global
economy; it is “crucial to economic recovery and absorption of unemployment”
(UNCTAD, 2014:19). But moderate to low expectatiomisout the growth of matured
markets in the next future may interrogate aboatattual opportunity to invest abroad.

Domestic exploitation of a business offers corporet an option to operate abroad
which in turn raises two critical and interconnelctpiestions: how do firms decide to either
proceed with exports or foreign direct investmeAgaduming that their decision is profit
related what strategy is the most profitable? Artemvshould one or the other option be
optimally exercised? The ‘how’ and the ‘when’ quass$ to internationalize the business of a
firm are clearly interrelated because the optinmairig intimately depends on the chosen
entry mode, while the most profitable one is cageimt on the firm’s agenda.
In this paper, we exploit recent findings in reaition theory (ROT). We reconsider the
internationalization decision determinants and ifglathe way exports and foreign direct
investment (FDI) interact. We also examine the nsadient features of an international
project (such as costs, profits, duration and ad)their influence on the manager’s decision
to go abroatl

The ‘how’ and the ‘when’ to internationalize thesimess questions have generated
important debates in the international businesa. &#egarding the internationalization mode
decision (answering the ‘how’ question), two altdives are often opposed: exports and

FDI. On one side authors such as Shaver (2013) wandether the international business

! The real option approach is quite popular amomglses and practitioners for different reasons.ifreag real
option models forces users to identify and stresg #teterminants of the investment decision. Rediloop
models can provide qualitative as well as quamiansights about the ‘how’ and the ‘when’ questo More
importantly, models can be adjusted for real ligplacations and calibrated to real data. A potémtiawback of
this approach is that a too parsimonious model oeagylook important aspects of the problem undeutsty.
Consequently, this approach requires further impneents to verify the robustness of previous resurits the
absence of artifact.

2 There are numerous numbers of alternative tadticsinternationalization mode such as e.g. imports,
international joint ventures (1JV), mergers andusitions. Various forms of collaboration betweempanies



community needs more entry modes studies, whiléhenother side Hennart & Slangen
(2015) recently urged for more investigation. As tiwe timing issue (the ‘when’), the now
well-known Born Global approach (Knight & Cavusd05; Madsen & Servais, 1997) or
international new venture (Oviatt & Phillips McDallj 1994) classically challenged and
extended the traditional views as it is the casdlfe Uppsala model (Johanson and Vahine,
1977). More recent researches have used the RQdaghpto determinate the optimal entry
timing of a company into a foreign market (see iftstance: Campa, 1993; Dixit, 1989;
Rivoli & Salorio, 1996; Li & Rugman 2007). The fage entry deferment provides a
company with the option to wait for more relevantormation before making critical
decisions such which market to enter and how madchvest.

From a ROT perspective, the internationalizationjgot must be described not only
by relevant characteristics such as costs and mgiéation details, but also by the nature of
risk and uncertainty involved by decisions.

We will first discuss costs associated with modesternationalization. Costs may be either
fixed or variable and may include additional sumsts if the set-up is irreversible. Entry
sunk costs may be splited into information, disttibn, and learning costs (Baldwin and
Krugman, 1989; Bugamelli & Infante 2002; Dixit, &oberts and Tybout 1997; Das et al.
2007). Exports have lower sunk costs and fixedsctisan FDI but higher variable costs
(Helpman et al. 2003; Conconi et al., 2014). Asoagarison IJV is in an intermediate
situation between exports and FDI. Following Conadral. (2014) for low and intermediate
profitability on a foreign market the company wehoose exports, but for higher levels of
profitability it may find it preferable to pay thHixed cost of a FDI in order to reduce variable

costs.

are also possible, but the present paper will mtugs these other approaches. Interested readgrsonsult
Hennart and Slangen (2015) for a recent surveyisrdebate.



In a second time we discuss the case when thei@®edss go international is already made.
There are several strategies in order to implertienproject to internationalize the business
(see e.g. European Commission, 2010 for a six etaggology). The firm either enter the
foreign market immediately or later (at the oppoédime) and in one big move or step by
step (Kogut, 1983). Gradually entering the targerket, with ROT in mind, implies that
growth options must be considered at all stepsenanalysis (Kogut and Kulatilaka, 1994).
It is worth mentioning that favouring a partial @stment rather than a single immediate
move or just a deferment has many advantages. 8ycklasson and Gulamhussen (2002)
explain for instance that partially investing cesat real option for the manager to develop
the business further and later (if profitable). Whie can gather more information so that he
will be able to run the project more successfuilg if it was simply deferred. Brouthers and
Dikova (2010) show that a growth option is assedawith every mode of foreign market
entry and not only with exports or IJV modes

In our third point we discuss how uncertafhiya central concept in the real option approach
(Buckley & Casson 1998). Different kinds of uncartg or risk may be distinguished such
as exogenous versus endogenous uncertaintiesyndiasic versus systematic risks, etc. The
kind of uncertainty we address in this paper isgexmus because the level of uncertainty
remains unaffected by the firm’s actions. We usetdrminology of Roberts and Weitzman
(1981). Especially there are no occasions for fiahstake to gradually learn something
about the foreign market (i.e.. there is no groaption in our analysis) In that instance, it

iIs common to refer to the classical ROT main resdt increase in uncertainty raises the

% It should be clarified that integrating all possilgrowth, switching between modes (Kouvelis, Aagfbu, and
Sinha, 2001) and abandonment options in a ROT basalysis is a real challenge. Practically it cobkdan
endless project; therefore we are in favor of paosiious frameworks, which produce (at least théxaky)
some analytical results.

*In the present paper, uncertainty and ambiguiyused interchangeably as synonyms.

® By contrast, endogenous uncertainty is affectedhieydecision maker’s actions and it may be redufmd
instance, through learning (see also Cuypers antit2010, Fisch, 2008, Folta, 1998 for furthesalissions).
Thus firms facing endogenous uncertainty have eentive to reduce the delay before investing, &stlie sole
way to start reducing the uncertainty. However, C2000) explains that in the learning phase, endogse
uncertainty will remain and keep a growth optiotueaalive, alike the exogenous uncertainty case.



value of waiting and thus decelerates investmese ({@cDonald and Siegel, 1986 and Dixit
and Pindyck, 1994, for a standard presentatiomgallyi uncertainty may be also understood
as a “Knightian” uncertainty that is a risk or axnaf both. In our paper’s set up we will
consider both concepts. In the context of inteamatiization we investigate a couple of
connected issues that challenge the classical iymsielationship between risk and the
traditional ROT option to wait before internatiomation. The first point is the difference
between thediosyncratic and the systematic risk, while the second pointsictrs the
difference between probabilistic uncertainty (tlee risk) and Knightian uncertainty since
Knight (1921). A recent strand in the ROT literatumdeed urges to reconsider the classical
negative relation between risk and investment gnarkar (2000, 2003), Lund (2005) and
Wong (2007) stress for instance that changing thatility alone (i.e. while letting all other
structural parameters constant), as often doneQif,Rnay hurt traditional basic finance
principle$. In most situations, the optimal investment trigigea non-monotonic function of
the project volatility and not a strictly increagione as thought earlfer

In the international context, firms’ managers amdision makers hardly know with
certainty the events’ distribution probability . drefore it appears necessary to consider
specific approaches able to deal both with the Kigp uncertainty (or ambiguity) and the
traditional risk concept. In addition these apphasccan disentangle ambiguity from risk

aversion. Indeed while considering an internatia#ibn strategy for a project, some firms

® The negative relation is actually only valid whitse risk-adjusted expected return of the projetuevatays
invariant to risk, given that we know from Stand&idance Theory that the risk-adjusted expectadmeaif the

project is linearly and positively related to risken this later is systematic. So the traditioeablit holds when
the project risk is purely idiosyncratic (as it dat imply any special compensation) or when theetation

between the project value and the market valudyndexreases when the risk increases (Lund, 2005).

" More precisely, Sarkar, 2000, 2003; Wong, 2007sti@t a couple of effects interact when volatitityes up.
First and as predicted by standard models, a &ffdct” pushes up the optimal investment triggehances the
value of the option to invest in the project andkesadelaying more beneficial. But, second, a “reteffect”

increases the opportunity cost of waiting and mal@ssequently delaying more costly. This lattesesifrom
the upward adjustment of the project expected metathors find that the return factor dominateslév levels

of risk, while the risk factor dominates for higtvels of risk.



might be averse to ambiguity, while other to riskewen both. So an appropriate decision-
making model should account for both kinds of aveers

To deal with ambiguity, we assume that the firm bhast of several probability
measures over uncertain states rather than a simggesure as traditionally used in the real
option theory.In order to model Knightian uncertgiiwe use thek -ignorance specification,
following Chen and Epstein (2002) and Nishimura &@whki (20073. To capture firms’
ambiguity aversion, we apply the multiple prior sgach. It postulates that managers make
decision on the basis of the worst-case scenariotHer words, considered preferences are
related to the maxmin expected utility of GilboadaSchmeidler (1989). Ambiguity is
confined to the specific risk component. This ikey point to consider when designing
Knightian uncertainty.

Finally, finite life foreign investment is the lasharacteristic we are considering. In a
fast-changing global world, the expected time bfea given internationalization project is
hypothesized to be shorter than the infinite lijgdthesis in the traditional waiting option
model. It is commonly known that the value of th®ject decreases when its lifetime
decreases (see Gryglewicz et al., (2008) in angettith no ambiguity). Therefore the option
to defer is particularly valuable if the company asming to maintain its ownership

advantages for the long run and if the investm&ibmplexe to reverse.

This present paper uses recent findings of theoabdn literature. It explores whether and to
which extent three dimensions can impact the tinsing mode of foreign entry. These three
dimensions are related to characteristics of foreiyestments compared to the domestic
one, and yet unexplored in the IB literature. Tlaeg: a) the Knightian uncertainty, b) the

correlation of the foreign and domestic cash flovith the market portfolio, and c) the finite

® The k-ignorance model is one possible specificatibthe multiple prior approach. Other ways exdibanoff
et al. (2005) introduce, for instance, smooth pexfees to model ambiguity aversion. This concepiewer has
been shown difficult to apply in a continuous-tisedting (Hansen and Sargent, 2010).



life of the project. This paper also contributegtie real option literature by gathering in a
single framework, important issues that were sadamsidered separately.

The paper is organized as follows: section 1 date®the model characteristics, the
determinants of the foreign entry mode choice ,dpemal internationalization trigger and
the value of the option to wait. Section 2 offetsnerical analyses to gain further insight of
the specific case of foreign investment. Secti@ocludes.

1. Investingin Finite-Life foreign projects under Risk and I diosyncratic Uncertainty

ROT recommends investing only when marginal bemdfibm investing exactly
cover the sunk costs plus the value to underta@tbject later. It is this possibility to defer
the project that is valuated using option-pricingd®ls. An option value is always positive
so the value of the project must be significantlygér than the investment cost to start
investment in contrast with the classical net preselue (NPV) theory (Majd, and Pindyck
1987). Option value is a positive function of urnagrty in consequence the optimal timing
recedes further when uncertainty increases. Thassawal ROT result serves as routine
arguments in the IB literature to explain delays ifovesting abroad (Eden, 2009; Jiang,
Aulakh, & Pan, 2009).

In standard real option modelssiagle probability measure is considered to assess
future market conditions and the investment opputyuBut when managers face ambiguity,
they rather think about a set of probability measurf furthermore they are averse to
ambiguity, it is often assumed that they make decssunder the worst-case scenario. They
choose the probability distribution leading to flogvest outcome. Preferences considered
here are based on the maxmin expected utility dibdai and Schmeidler (1989). Authors
examining the role of ambiguity on the value oéwersible investment opportunity find that
the effect of ambiguity dramatically differs fromet effect of risk. An increase in ambiguity

reduces the value of an investment opportunity {iMsira and Ozaki, 2007; Trojanowska



and Kort, 2010) and ambiguity can delay (like rigl)t accelerate investment decisions
(Trojanowska and Kort, 2010; Miao and Wang, 20Mipo and Wang (2011) show indeed
that a decision to accelerate or postpone invessmitically depends on whether ambiguity
remains once investment is undertaken.

1.1. A framework for modelling product price under idiosyncratic ambiguity

Our real option framework builds on Sarkar (2008)png (2007), Nishimura and

Ozaki (2007), Gryglewicz et al. (2008) and Trojaske and Kort (2010) to account for
correlation with the capital market, finite-life gpect, risk and ambiguity. In our setting,

trading can take place continuously on foreign raewkThere exists a risk free asset paying a
constant interest rate denoted Ioy. Uncertainty in this environment is captured, in
traditional ROT, by a benchmark probability measused by firms to analyze investment
projects supposing that there is no ambiguity.

Let B, represent the value of the capital market podfali timet. Then dynamics
of the capital market portfolio are described bgeometric Brownian motion, which is
defined by:

dR,, = P, dt+o, P, dB". (1)

m' mit

M, and g, are two positive constant that represent the @ggdegrowth rate or drift of the
market portfolio and its volatility respectivelyndh dB,, is the increment of a standard
Brownian motion. The real numbénm -, )/am = A stands for the market price of risk.

Let us neglect ambiguity for a while. Assuming tkfa dynamics of a product price on a

foreign market are given by a geometric Browniartiam as follows:
dR = # dt+oR dZ, (2)
where dZ, stands for the increment of a standard Browniarianathat is correlated to

random shocks affecting the market portfoldB["). Denoting bpr[— 11] the constant



instantaneous correlation between both, onedi&{%Z, = pdt and uncertainty in the price

process may be decomposed into two componentsstansgtic component related to the

capital market and a specific one. More formalbyy&ion (2) becomes

dR =R, |t + podB! +\1- pPodg”| 3)

where B" is a standard Brownian motion uncorrelated{p. Here the termoadB™ simply

represents the systematic component, while the tgim p 2odBtIj captures the specific

component.

From now on, one posits that ambiguity impacts dhky specific component of the above
dynamics, because the capital market portfolio entrates information from a large number
of different investors. Following Nishimura and ®z#&2007) and Trojanowska and Kort
(2010), we consider a positive real numberto represent Knightian uncertainty. Put it
simple, the higherk, the higher the ambiguity on the specific compdném a different
context, Chen and Epstein (2002) call this paricdbrm of Knightian uncertainty K-
ignorance”. Following the multiple prior (or minmaapproach, we posit that ambiguity
aversion forces firms, managers and decision makecsnsider the worst case scenario. In
this case, it can be demonstrated-that uncertagulyces the price growth rate and Equation

(3) becomes
dP =P [[g—k 1—,020Jdt+0(,0d8{“+ 1—,02dBF*"ﬂ )

where B™* is a standard Brownian motion uncorrelated By in a new probabilistic

environment. The latter stochastic differential @&tun simply describes the dynamics of a
geometric Brownian motion. Consequently, idiosyticrambiguity impacts the expected

growth rate of the price as soon as correlatiom whe market portfolio is not perfect. The



above dynamics will serve as a basis for the vaelnaif internationalization modes and the
associated option to wait.
1.2. Value of newly launched internationalization projects under idiosyncratic

ambiguity

The valuation of an established internationalizafooject uses the classical discounted
cash-flow (DCF) model. The objective is to expldiee conditions under which the
internationalization project will be financially alle.In order to simplify the presentation
and notations, we present first the pricing of aeggi internationalization project and will
then specify the differences between the foreigojepts. The actual value of an
internationalization project depends on the inteomalization mode chosen by the firm. For
the theoretical models and associated simulatiasviv concentrate on two modes: export
and FDI.
1.2.1. Valuation of a generic internationalization project

Consider a project that consists in selling a pcbdiroad at price P (evolution of P

IS given by equation 4) for consecutive years. The project generates fronptimetimet,
to expiration timet, + 7 some random margins denoted lzy= Q, (R —c). Here Q, is the

quantity sold at timet, P the prevailing price ana unit variable cost supposed to be

constant over time. Using the standard DCF approzey then provide the present value of
all expected future margins till expiration. Assagniconstant quantities over the time life of

the project, one has

\Nto _ Q{min[_k’k] E|:J-tto+r o' (s%) Psds:l _ E|:J-tto+r e (s_to)CdS:l} (5)

where the minimum operator reflects the firm’s aw@n towards ambiguity. Inspection of

equation (5) reveals that bothand the risk free interest rates are used to discount future

cash flows. The discount rateis associated to future random revenues thatarelated to

10



future prices of the capital market portfolio. Cegsently, it can be evaluated to

r=r, + Apo in our setting (cf. standard results of the cagitset pricing model (CAPM)).

The risk free interest rate is used for future dixaosts because they are supposed constant

. : c 7
through time. The present value of variable costsounts to—(l—e” )E cg(r,rf).
rf

Computing the present value of future random regerig, by comparison, less common in

literature. By equation (4), the random revenueiresd at timet is
1 m_ gm S0k _ B0,
P =P, ex;{[,u—k 1-p 20'—50'2)( —t0)+a[,0(Bt - B )+,/1—p ? (BF" - Btf")ﬂ and

the corresponding expectation at tigeis E[R] =R, exd(,u—k \/1—p20Xt —to)]. To go

further in computations, it is important to stréisat the difference between (the rate used
to discount future revenues) and-k,/1- p ?0 (the expected rate of growth of product

prices) is the convenience vyield of the projectaded by d(k, p,0)°. Becauser =r, +Apo,

one may write ok, p,0):=r —(,u—k 1—,020)= [y = H where

r

okp =Tt T J[Ap+ kil-p 2] This expression then shows that Knightian unagestas just

an additional source of compensation and, by pgsshat the parameter for ambiguity
aversion k) is also a measure of the reward for Knightianeutainty (expressed in unit of
volatility). We can also observe that the correlatcoefficient impacts the convenience yield
(and hence the decision making) through a coupléiiéérent channels. The systematic

component gAp) is linear w.r.t. the correlation coefficient aitdiepends on the sign of this

correlation. Quite differently, the ambiguity commemt (ok+/1— 0° ) is non linear and does

® For infinite-life projects (those having = ) and no ambiguity, it is standard to assume M; to ensure

convergence of the expected present value of fukwenues. Obviously this condition is not striatlscessary
for finite-life projects, because convergence igraated by construction. But, for sake of compditgband
reasons related to the option to invest, one wailliéver assume that this inequality holds.

11



not depend on the correlation sign. Finally, thespnt value of revenues equals (proof in

appendix):

1- e—(rf +a[ﬁp+k@}—ujr

i 1 =P ,0lk, p,
Orf+0|_)l,0+k ,—1—,02]—,U tog(T ( ,00))

mineD[_k'k] E|:J':00+T e_f(s—to)Psds:| = Pt

This value critically depends on the convenienmdyb'(k,p,a); it is therefore a function of

the risk, the ambiguity, the correlation with capitnarket and of course the time life of the
project. Combining the present value of revenuebtha present value of costs, we obtain a
closed-form expression of the project present value

W, =Q[R,g(r.d(k, p.0))-cglr.r, )| (6)
Equation (6) highlights how structural parametemymmpact the firm’s perspective at the
inception of the project independently from fixemdanvestment costs. For some structural
parameters, this present value of future revene¢sohvariable costs can be negative. In
such cases, the project is simply not worth un#éerta This is an important aspect for
simulations as it may restrict the range of paramsetve consider hereafter. It is alsorth
mentioning that the valuation formula (6) extendsk@r (2000), Wong (2007), Nishimura
and Ozaki (2007), Gryglewicz et al. (2008) and &angwska and Kort (2010) in different
aspects. Wong (2007) assumes the value of thegbragegiven. Neither Sarkar (2000) nor
Gryglewicz et al. (2008) introduce ambiguity in ith@vestment opportunity. Plugging
k =0 into equation (6) exactly provides result of Gewgicz et al. (2008) and Sarkar (2000)
respectively. For their parts, Nishimura and OZ@Kki07) and Trojanowska and Kort (2010)
do not consider any idiosyncratic component inrdredom revenue. Their ambiguity rather
concerns the systematic risk of the project.

Now we hypothesized that, to operate the projechrapany has to pay a sunk cost

| and they are constant (and continuous) fixed cdstduring the life of the project. The

12



present value of these fixed costs amounts to

F(r):EH?”e_”(S_t‘))fds}:ri(l—e_”r): f g(r,rf) at the inception time. Finally, the
f

overall NPV of an established project at its ini:c«mntimet0 is equal to
NPV, =Q|R, g(r,d(k,p,0))-cglr.r, )|- f glz.r,)-1 (7)
which is a linear function of the sold quant{@y which is a proxy for the foreign market size,
1.2.2. Valuation of export and FDI projects
Characteristics of the generic project are now ifipec to take into account

differences between foreign entry modes either gxpo FDI. Following the previous

literature, the specific characteristics of eactnyermodes are presented in table 1.

Table 1 Cost structure of entry modes
Entry modes Exports (E) FDI
Investment (1) Low High
Variable costs (c) High Low
Fixed cost(f) Low High

By using equation (7) with these specificationsMdBf export and FDI are respectively:
NPV (E) = Q|Pg(r,d(k, p,0)) —cealr.r, )| - fealr.r, )-1¢

and

NPV (FDI) = Q|Pg(r,d(k, £,0)) = Ceo 9T, )| - femn 0lr.T, )~ 1o -

These two expressions differ only by the magnitudesariable costs ¢, <c.), fixed

costs (f. < f,, ) and sunk costsl{ <1, ) as described in table 1. We can derive for all

13



strategies the minimal quantity, or breakeven pdimt makes a given foreign entry mode

profitable. For example, export is a positive NRject if the quantity is larger than

Min — ng(T’rf)+|E
*  Pg(r,dlk,p,0))-cealr,r;)

(8)
M represents the break-even point in order for t@pany to export. The size of the

foreign market must be large enough in order tcecole sunk cost and the present value of

fixed costs. Note that the higher the sale priesldlver the minimum market size.

Taking into account the cost structures of the fwojects (export and FDI), it is easy to

show that there is a quantity.,, such that the company switch between export and FD

if Q< Qg = NPV(E)= NPV(FDI)

that is . Or, by replacing NPVs by their expressions,
if Q> Qg = NPV(E)< NPV(FDI) y fepiacing Y P

Q :(fFDI_fE)g(T’rf)+IFDI _lE:(me —fE)+ oo = e
- (CE ~ Crol )g(r, rf) (CE ~ Cepy ) (CE ~ Cepy )g 7, rf)

(9)

The firm will prefer to enter the foreign marketing directly the FDI entry mode if

M > Qg - Our ultimate objective is to characterize theirapt condition to define the,

point in which to launch the project.

1.3. Valuation of the option to inter nationalize under idiosyncratic ambiguity

At any time, the firm can decide to launch the igmeproject by paying the investment sunk
cost | so as to receive a continuous profit flow forralong period. In order to derive
analytical solutions, we assume that the decistoenter a foreign market may be postponed
constantly, so that the option to invest, whose&as denoted by , is similar to a perpetual

American call option written on the project valughnstrike | .

14



As shown by predecessors, the optimal stopping ppoach still applies in a context
with ambiguity and firm’s aversion to it. Accordirtg the usual first passage time criterion,
the manager must invest when the first tilWereaches a deterministic exercise threshold.

Because the option to invest has no expiration ettexcise threshold is just a constant real
numberW™ and the value of the option to invest is justmction of W and not a function of

time, henceV, =V (W,). WhenW =W, the firm is perfectly indifferent whether to irsten

the project and keep the option opé(w*): NPV(\N*).

An ambiguity-averse firm will exercises optimallytsi option to invest in an
internationalization project of time-life as soon as the project value procésseaches the

time-life dependent threshold (demonstration inesojix)

W*(r):ﬂi_l(l +g(r.r, ) (10)

where £ is the positive root of the quadratic functig@?B(8-1)+mB—-r, =0 with m

given in appendix. More explicitlyf is given by

ﬂ:%_ﬂ—(k 1—0,2)2+)l,0)0+ (%_,u—(k 1—0,;)2+/1p)aJ2+%.

It is larger than one and so is the te% often called the “hysteresis factor”. The

corresponding value of the option to invest in r@ifgn project is then
w )
)= ()t )1 )

for all (admissible i.e. positive) valuas, lower than the thresholav’ (r) In other words,

the firm has an incentive to invest when the projeglue is strictly greater than the

investment added to the present value of fixedscoBhis result contradicts the standard

15



conclusion of the NPV criterion. The formula (1%)straightforward to understand because

B
. . . . W,
(W' (z)- fg(r,r,)-1) represents the value of the project at incepticah {a{nﬁj stands
r
for the present value of one unit of money receivdten the project is launched. By
inspecting both the value at inception and thealisting factor, it is clear that the time-life
of the project plays a very subtle role. As thedtilifie of the project increases, the present

value of total fixed costs at inception increases the value of the project at inception

B

enlarges (up to a limit equals tg—l[l +rij) and the discounting factor decreases. The
- f

rise of the decision thresholtt" (r) postpones the inception of the project.
The foreign investment threshold can also be espesas a function of the price of the

product sold in the foreign market. Replacing eiqua(10) W’ (r) by its expression given by

_ B I+ feglrr,)
B-14g(r,0(k p,0))

equation (6) we obtaiQ[Pg g(r, J(k,p, 0)) —Cg Q(T, s )]

We have already demonstrated that exports modeof#gble for a minimum market size
Min Min

e . Therefore replacing Q b®):" (given by equation (8) in the previous equatidrg t

exporting price thresholdp. , is solution of
P.o(r,d(k, p,0))-c. g(r, r, ) = ,Bi—l[PEMmg(T' d(k,p,0))-ce g(r, r )] (12)

PM": price such as the NPV of an export project ofverg market size equals 0.

This equation tells us that company will exportyoiflthe present value of revenues over
variable costs is equal to the hysteresis factoesithe present value of margin over variable

cost, such as the NPV of exports equals 0 (clagsie® criterion).
Knowing that company will use the FDI entry modeQf™ = Q.,., . (equation (9)) the

price threshold such as the FDI is chosen as embde is given by
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,3 fFDI g(T, I )+ I FDI

B-1 feglrr ) +1e [P2"o(r, ok, p.0)-ceqle.r, )

P g(r,d(k,p, U)) ~ Crp) g(r, s ):

,)I\D;DI g(T,J(k,p, J))_CFDI g(r, Iy ) _ fFDI g(T’ It )+ I FDI
<)

And, using equation (1 - =
94 ( P.g(r,d(k,p,0))-calr,r; ) fealz,r )+ 1.

The FDI price threshold is such as the thresholdgym ratio equals the cost margin ratio of
the two entry modes. As the fixed and sunk costifare greater than those of exports, the
FDI price threshold is necessarily higher than ekport price threshold. And, taking into

account the fact that the cost ratio is quite seanwpé will concentrate our simulation analysis

on the behavior of the export price threshold.

2. Numerical smulations

As it is emphasized by Li (2007), in a critical i@wv of applications of real option theory to
IB, ROT allows to identify rigorously the evolutioof uncertainty and to specify the
relationship between parameters of interest (ltaeesize of the market, Q, the unit price of

the product, P, the expected growth of the priceclassical and Knightian uncertainty,
and k, the correlation of price evolutions with tharket portfolio o, the variable, fixed and

sunk costs, respectively c, f, I, and the life tiofethe projectr ) and the valuation of real
options in international investment. He also stét@s$ option pricing models are particularly
useful when real-life data are absent. In theses;assing simulation techniques can lead to
meaningful empirical results. In our case, dataldobe available for some sectors,
companies and products, but the objective of thEeipe not to compute a precise value for
the various thresholds of a specific internatiaratlon case but rather to explore the
functional relationship between independent vaeadhd the projects internationalization

NPV and option values. We will focus on the specifeterminants introduced in the option

17



analysis i.e. the ambiguity level, correlation witle market and time-life of the project. We

therefore rely on simulations to illustrate salitgdtures of our setting.

We will first investigate the impact of ambiguityorrelation with the capital market, and
time-life of the project on the NPV of the two fage entry modes and then on the threshold
price to export using the following baseline scemar
Basecase parameters:
rf =0.03;2=0.2;A=0.3; p=0.4;k=0; 1=15; fc = 1.5; IC=100.p=rf+A Z p;
mu[s_J:=rf+A sp; 1=15;P=50; cE=16; cFDI=5; fE=0; fFDI=1.1 fE; IE=7%DI=200;
K=.7;

Obviously, nothing prevents us to consider otheapeters values to match the present

analysis with a more specific situation.

2.1. NPV Analysis of Internationalization Modes

We first investigate the impact of ambiguity lev®l the minimum size of the market

necessary for the firm to internationalize (figune As ambiguity reduces the present value
of the firm’s revenue but has no effect on the sote minimum size of the markeg™

must increase when ambiguity goes up, as illustrbyefigure 1 and 2.
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Figure 1. Expected revenue and costs.
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In the left graph, the ambiguity level is low or devate and the expected revenue that
depends on these ambiguity levels (in thin lines) greater than the variable cost of

Min

exporting when the quantity becomes larger tegff (k,) and Q¥ (k,) respectively. When
the quantity reacheQ., , the variable cost of exporting is larger than ¢ine of investing

so the company has an incentive to switch to FDItHe right graph, we plot a high
ambiguity level in addition to the benchmark caBee break even point of exports mode is
reached for a larger market size than for the FDdlen The ambiguity is so high here that the
size of the market must be large enough to obtgmositive NPV (figure 2). In this case,
there is no export decision before proceeding td. Fdllowing ROT, FDI entry mode

should thus be observed for large and highly anthigdoreign markets.
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Figure 2: Net present Values of the best strategy for different values of ambiguity.
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Under k1 (low ambiguity), a firm should avoid busss internationalization when sales are

too low (lower thanQQ’"“(kl)), above that threshold they can export and turfir@d for

quantities aboveQ.,, . Same for intermediate ambiguity except that tHeVNs lower.

Finally, when facing significant ambiguity level,ewdirectly turn to FDI solutions without

experimenting export.

In figure 3-a we observe that the slope of thetimtahip between ambiguity and the

minimum market size increases dramatically with [hesl of risk (QQ’"“(ZJ) meaning that

the level of risk doubled compared to the baseleel). For high risk and ambiguous
markets, the minimum market size must be much highen without ambiguity in order to

attract foreign companies, illustrating the nedgdsi take the ambiguity effect into account.
Moreover, on this kind of foreign markets FDI entmyode should be observed more
frequently than it is expected when using classR&T. Correlation with the market

portfolio has a complex effect (figure 3-b). Whemlaguity is small, an increase of
correlation advances (slightly) the breakeven pdint it is the contrary under large
ambiguity. One must remember that when correlatioreases, the weight of systematic risk

rises too, whereas the weight of specific risk drofss ambiguity only affects the specific
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risk, its negative impact on revenue is therefeduced. Finally (figure 3-c), the slope of the

relationship between ambiguity and the minimum retdize decreases when the lifetime of

the project goes dowanN"”(r/S) meaning that the lifetime has been divided by ehre

compared to the baseline level). So for low amlhjgushorter project will increase the

breakeven point and it is the reverse causalityhigh ambiguity.

Figure 3: Breakeven quantities for different level of structural parameters (risk,

correlation and time-life length), Q

Min
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2.2. Delay of the internationalization decision: ‘optitmwait’

Ambiguity impact on the breakeven price (price sasiNPV of exports equals 0) and export
price threshold is presented in figure 4. The expace threshold decreases dramatically for
small and intermediate level of ambiguity (figura)4This effect is robust to market size
changes (figure 4a when the size of the markeipked), the correlation coefficient (figure
4b) and the time life of the project. Therefore baguity and risk have very different impact

on the ‘option to wait’ threshold.
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Figure 4: Impact of ambiguity on breakeven end threshold Prices of export
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Conclusion

This paper proposeal model for strategic decision-making: internatiaion mode
valuation using real-options. Our model extends liteératures about real options and IB.

We try to answer the “how” and “when” questionsatetl to the international growth
of a firm’s business. How do firms decide to eitipeoceed with exports or foreign direct
investment? And when should one or the other opbieroptimally exercised? Our model
exposes best strategy for different values of amtygwe accounted for both cases of
classic and Knightian uncertainty. We introduce muity in our valuation formula and
extend ROT in different aspects.

We find that ambiguity increases the minimum sizehe foreign market (or the
minimum foreign price) needed in order for the fitminternationalize (through exports or
FDI). Export is chosen for foreign markets of snsfle and FDI for larger size because of
the breakeven point, which is higher. But we alBows when ambiguity is high, that the
minimum size of the foreign market needs to beasgd that the company will prefer to enter
the foreign market directly through FDI. We additatly show that ambiguity increases the
value of the waiting option to internationalizeg.ithe minimum quantity that triggers the
internationalization decision increases with amligurinally we take into account the fact
that the relationship between ambiguity and theimmim quantity necessary to enter a
foreign market is modified by the risk level, therrelation of the foreign market with the
market portfolio, and the life-time of the project.

Our model has the limitation to not be dynamiceied we do not account for flexible
cases when for instance a firm would be willingrteest abroad after first exporting. There
is no growth option in our analysis. We also exeltide possibility for the firm to intervene
on the level of uncertainty. Those limitations shloloe integrated in further development of

the real options applications in IB.
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Appendix

This appendix contains lengthy or non-straightfonvaroofs as well as some materials

necessary for demonstrating results in the core tex
The first lemma concerns the random revenue Wi(ﬁirlF,{Ft}t ,O"). This result is necessary

for following demonstrations.

Lemma A: Random revenue at time t amounts to
=1, exr{(ﬂ -%azj(t ~t)=[ V1~ p*0f,du+ a(p(Bt”“ -BP)+ [.\1-p? déf'gﬂ
=7, ex;{(y —%Uzj(t ~ty) - f 1- p?06,du + a(p(Btm - B{;)+ J1-p? (§F'9 - §IOD'9))}

in (Q,F,{Ft}t,o") and the corresponding time t,-conditional expectation is

EY [nt|Ft0] =7, exr{(,u—f V1- pzaﬁuduﬂ :

Nishimura and Ozaki (2007) prove a very useful galneequality (see their appendix A) we

can reconsider in the context Kf= [~ k;k].

LemmaB: For anys>t, and for any 40K , it holds that

EQ’ lex[j{— [*o6,du+o(Bl? - B¢ )]EJ >EY [exp{— k(s—-t)+ (B2 - B )]EJ .

The value of the generic project is equal to
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F, |

F., ]ds

\/\/to = minm[_k’k] EQS |:.[:00+T e_r(s_IO)ﬂSd#

Fublnl to+ ol _ (o
= mlneD[ kk].[ EQ [e (s t0)77'

S

lemma A t _152)(s- -[$ J1-p%06,d BI'-B" J+/1-p?0 (B¢ -B?
= mlnym[kk]_[OH gl i")(st‘))EQ{e ot olop-a i lE0-55°))

F }ds

1 ~ ~
lemma B to+7 (‘”ﬂ‘*”ZJ(S‘to) k| —JimpPok(sto o P(Bsm_Btm)+ 1‘P2‘7(BSD'k_B]'k)
T, J;O e ? EY e oo ° ")

F. }ds

0

to+7 [ —r+u—ky1-p%c |(s—to)
= ﬂ;oj‘to e( ) 0 dS

0

and the expression given in equation (6) in thefdlows by simple algebra.

The value of the option to invest (under idiosyticrambiguity) may then be written

g

V max min E[(J'tt"ﬂe—r(s—t)ﬂsds_e—r(t'—t)l _e_r(t-_t)F)

t=t a0—k k]|

F

!

F(r) stands for the future total fixed costs generatethe project of time-lifer .

_ Q| or(t-t)( 17 oor(st) 1 _
—rpgmeLnk]E [ Ut e mds—| F)

Consider a portfolio made of a long position in dpion to invest and a short position in n
units of the market portfolio. Its value at timies given byfl, =V, —nP, . The total return

from holding the portfolio over an infinitesimalned of time dt , is

dr, =aVv, -ndP,, —g dw + 2:\/2\\//2

(aw)? -y, P,dt-no,,P,dB,, when we use the Ito’s

lemma to find the second equality. Stochastic datcthen yield to:

dr, {—(,u o=l +3 2V

+ {a—vw,oa -no,, Pm}dBmt
oW '

W 2 -nu P, |dt

oV
—W,4/1- p?c |dB"?
{aw 4 } ‘
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This equation reveals that, if one sefs, :g—\\//vpiw, exposition to (non ambiguous)
o,

systematic risk disappears and the expected rateturih of the portfolio should be equal to

the riskless rate (because remaining specificisgkversifiable). Hence, in the continuation

region, one hase®’ [dl‘lt|Ft] =rM.dt so that:

2

We can then simplify bydt, plug n* into this equation and rearrange terms. Finalhg o

obtains:
R, v r—
ErvaAL L +MW{/~1—@ 1—p20+a—ﬂ"“paJ =rV, (A1)

. r=
where we recognlzeﬂ ==A.
o,

The general solution of Eq. (Al) PS’(W):AW”’+BW", with £ (respectivelya) the
positive root of the quadratic equatichox(x—1)+mx—r, =0.
When the value of the project tends to zero, th&oopto invest becomes worthless

\umOV(W):O. So B is necessarily equal to zero. The value matchinglition forces the

option to invest to be equal to its intrinsic vahIeexercise\(éN*)=W* -F(r)-1= AW

leading toA= " —F(r)-1]w ).

The smooth pasting condition aw’ Iim*V'(W):l provides W'. One has:

W-W

OIV(W):H\/\/*—F(r)—l]ﬁlv*)_ﬁ]p\Nﬁ‘1 and because d\é\s\\ll\/)

dw

=1 we find

w=w"

W —F(0)-1)sw ) =1 w' =ﬂi_1(F(r)+|)=W*(r)

That is the expression given by equation (10) entéxt.
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