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The Manufacturing Flexibility to Switch Products:
Valuation and Optimal Strategy

Abstract

This paper applies a dynamic programming methodology to the valuation problem for the
flexibility to switch. In our model, flexibility provides an investor with the right, or option, to
perform a switch between a less profitable and a more profitable project at no cost. In contrast
to previous analyses, the option to switch can be exercised in the future at any time during the
decision horizon. We present the solution methodology that allows to determine the value of
the flexibility and to identify the optimal timing of the switching decision. Comparative
statics demonstrate how changes in the input parameters affect the values of the problem’s
solution. The results partially explain why investing in flexible manufacturing systems is
reported to have both low profitability and rate of diffusion.
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The Manufacturing Flexibility to Switch Products:
Valuation and Optimal Strategy

I ntroduction

Many manufacturing firms are investing today in flexible
manuf acturing systems (FMS) in an attenpt to inprove their responsiveness
to unforeseen changes in product markets and nmanufacturing technoloqu
FMS are designed to provide their adopters with the capability to neet
t he ever-increasing market demand for product variety, inproved product
quality, shorter delivery tinmes, faster product innovation and higher
delivery reliability. Mreover, this inproved narket perfornmance can be
achi eved at reduced costs of operations, with shorter processing, set-up
and manufacturing lead tines as well as increased machine utilization
Despite nunerous potential advantages of FMS, their achievenment in
practice have been inpeded by a nunber of factors, including difficulties
with the financial appraisal of a new technology in the capital budgeting
process, the technical conplexity of FM5 and changes in the
organi zation's structure that are required for their successful
i npl enentation (Boer et al. [1989]). These factors have contributed to
the relatively low profitability of FM5 - as expressed by the traditiona
financial methods - and consequently, have led to a |l ower rate of
di ffusion of these systens as conpared to other industrial innovations
(Mansfi el d[ 1993]).

One of the major requirements for the increased adoption of FM5 is
t he devel opnent of financial nethods that would all ow one to adequately
eval uate the benefits of these systenms during the capital budgeting
anal ysis, and thus denonstrate their superiority over investments in |ess
costly, dedicated technol ogies. There exists a grow ng consensus that
traditional capital budgeting nethods, such as net present val ue
techni ques, are not appropriate for analyzing investrments in FMS (Kapl an
[1986], Kulatilaka [1988]). In particular, these traditional approaches
are not suited for capturing the value of manufacturing flexibility,
which is considered to be a major strategic benefit of FMS. Although the
i nportance of flexibility has been found to gain w despread acceptance
(DeMeyer et al. [1987]), attenpts to develop valid and reliable measures
of flexibility have incurred a nunber of obstacles. Flexibility neasures
are needed to advance both theoretical and applied research on
manufacturing flexibility. In particular, flexibility measures will help
managers justify investnents in flexible technol ogy and deterni ne the

! See for example the Wall Street Journal from September 15, 1999 article about FMS at Honda.



performance | evels of their firns. Consequently, operationalizing
flexibility is considered today the nost inportant priority in research
on manufacturing flexibility (Gerwin [1993]).

Flexibility is widely recognized as one of the key conponents of a
successful manufacturing strategy and defined as a capability of a firm
to quickly and econonmically respond to various types of environnental
uncertainty (Chung and Chen[1990]). In many situations, the investnent in
flexibility is equivalent to "banking" flexibility that is storing it for
its future use in changing environnents (Gerwin[1993]). In this sense,
flexibility is a source of real options that a firmmy choose to
exercise in the future. These real options are typically provided by the
means of various flexibility facets or dinensions such as product
flexibility (the capability of a production systemto quickly introduce
new products), mx flexibility (the ease with which the firmoffers
di fferent conbinations of nultiple products), volume flexibility (the
capability of a systemto operate econonically at different aggregate
production vol unes), and process flexibility (the ability to produce the
sanme set of products using different processes and materials). The
literature on manufacturing flexibility provides numerous exanpl es
illustrating how firns can use these flexibility dinensions, either
defensively to adapt to sudden changes in market conditions, or
proactively to redefine conpetitive conditions (see Chen et al. [1992]
and Gerwin [1993]).

The aforenentioned flexibility dinmensions provide specific
exanpl es of the flexibility or option to switch, which enables production
systens to switch between alternative nbdes of operation in response to
changi ng market conditions. The valuation of benefits resulting from
investing in the flexibility to switch has been recently addressed, in a
real option framework, with mathematical tools such as dynamc
progranmm ng (Kul atilaka [1988], Kulatilaka and Trigeorgis [1994]) and
contingent clains analysis (Triantis and Hodder [1990], Tannous [1990]).
Most of these anal yses conpare investnents in flexible technol ogies,
all owi ng for switching between alternative nodes of operation and
inflexible or rigid technologies representing irreversible commtnent to
only one of the operating nodes. The decision horizon has typically a
finite length of N periods and swi tching decisions can be nade only at
preset and fixed points in tinme (typically, at the beginning of each
period). Operating in a given node results in a streamof cash flows to
the firm contingent upon the realization of uncertainty nodeled as a
stochastic process. A typical franework nodel s one source of uncertainty
(such a price, demand, exchange rate) which affects all operating nodes.



Decision to switch to one of the alternative nodes involves trading off
the costs of switching and the expected profits incurred as a result of
swi tchi ng deci sions. Under these assunptions, the value of flexibility to
switch is defined as a difference between the expected profits from
investing in flexible rather then inflexible technol ogy.

The above framework appears first in Kulatilaka[1988], who
devel ops a stochastic dynamc programto conpute the value added to the
firmas a result of the investnent in flexibility to switch. The set of
operating nodes includes alternative nodes of production, waiting to
i nvest, tenporarily shutting down a plant, and abandoni ng the production
Kul atil aka and Trigeorgi s[1994] consider the value of flexibility by
conparing the values of flexible and rigid technol ogi es, where flexible
technol ogy allows for sw tching between two nutually excl usive projects.
The valuation of flexibility is conducted in the absence as well as in
the presence of (asymmetric) switching costs. Triantis and Hodder[ 1990]
apply the option pricing nethodology to value the capability of a
production facility to offer different conbinations of nmultiple products.
The switching decisions involve adjustnents in product production rates
subject to the capacity of the facility constraint. Tannous[1996] applies
contingent clains analysis to quantify the benefits of volune flexibility
and devel ops a nodel which can be used in deternmining the optinmal |eve
of investnent in volune flexibility. Simlar anal yses are recently
applied to value the flexibility of nultinational production networks in
Kogut and Kul atil aka] 1994] and Huchzernei er and Cohen[ 1996].

The critical mass achi eved by these theoretical investigations made
possi bl e the transni ssion of know edge to practitioners. However, for a
successful inplenentation of these calculations in practice sinpler
nmet hods shoul d be investigated. Recently Copel and and Anti karov [2001]

di scuss a few sinple solutions to the valuation of the flexibility of
switching technologies in their real option book witten for
practitioners.

In line with the objective of nmaking sinpler solutions to
conplicated problens available to practitioners this paper devel ops a
sinple real option franmework for the nmeasurenment of the val ue of
flexibility to switch between alternative projects. The val ue of
flexibility is derived in the context of a firmfacing the choice between
the two i nvestnent opportunities referred to as rigid and flexible
scenarios. In the former, the firminvests in one of the two avail able
projects at the beginning of the planning horizon without the right to
reverse its investment decision later, whereas in the latter the firm
additionally acquires the option to switch between the alternative



projects in the future. Assum ng the know edge of the stochastic

evol utions of the projects, we provide a nathenmatical fornulation to the
real option valuation problemusing a dynam c progranmni ng approach. The
sol uti on net hodol ogy all ows one to value the flexibility to switch and
provides a decision rule indicating the critical ratio of the projects
val ues at which the tinng of the switch becones opti nal

This study differs fromthe existing research on the neasurenent
of flexibility to switch in that it allows the swi tching between the
projects to take place at any point in tinme during the planning horizon
In effect, the real option to switch corresponds to an Anmerican-style
call option rather then a European-style call, as in the previous
anal yses. This assunption nakes the analysis nore conplex and inplies the
need for an application of an anal ytic approxi mation to the option-
val uation problem The solution nethodol ogy applied in this paper is
based on the approxi mati on proposed in Barone- Adesi and Wal ey[ 1987] for
Anerican options witten on commpodities. W extend their methodol ogy to
solve the differential equation for the value of the option to switch
contingent upon the evolution of two state variables representing the
stochastic evolutions of the projects' values. Qur nodel is simlar to
previous analyses in that it assunes two operating nodes (Kulatilaka and
Trigeorgis [1994]), irreversibility of the switching decision and the
absence of switching costs (Triantis and Hodder [1991]). Despite these
restrictions, our nodel can be considered general enough to assess the
val ue of various types of flexibility options, including various
di mensi ons of manufacturing flexibility.

The rest of the paper is organized as follows: Section 2 devel ops
the theoretical franework for analyzing the option value of flexibility
to switch and outlines the solution nethodol ogy. Section 3 presents the
sensitivity analysis. Conclusions are given in the last section

The flexibility to switch: the theoretical framework

Consider a firmfacing a decision to invest in one of the tw
nmut ual Iy excl usive projects, say A and B, at the beginning of the tine
hori zon [0, T]. Each project results in a different stream of cash flows
to the firm W assunme, as customary, that the present val ue of the
future cash flows for each project follow a geonetric Brownian notion
stochastic process. Under these assunptions, we consider two investnent
scenarios that can be adopted by the firm One situation, called a "rigid
scenario," is characterized by the absence of flexibility to switch



between alternative projects during the time horizon [0, T]. Under this
scenario, the firminvests at time zero in the nore profitable project.
This means that based on the informati on about the project val ues
avail able at that tine the project with the highest net present val ue
(NPV) is undertaken. In other words, the firminvests in project B rather
then project Aif NPV(B) > NPV(A). Mreover, once the investment decision
is made, it cannot be reversed |later. Under the second scenario, called
" the firmadditionally acquires at tine
zero the flexibility or an option to switch between alternative projects,
whi ch may be exercised any tine during the tinme interval [0, T]. This
flexibility enables the firmto invest initially in a nore profitable
project (say project B) and to receive additionally the right to the
di fference of present values PV(A) - PV(B) at the time it chooses to
exercise the option to switch fromproject B to project A The foregoing
anal ysis assunes that the option to switch can be exercised only once (in
particular, the reverse switch is not pernmtted) and involves no
swi tching costs.

The firm facing the choice between the rigid and flexible
i nvest mnent scenarios selects the one with the higher profitability at
time zero (i.e. higher NPV). If project Bis selected at tinme zero, the
investnment in the rigid scenario brings to the firma value equal to
PV(B) which is acquired at the initial investnent cost |I. On the other
hand, the flexible scenario brings the value of PV(B) + V(A B, 0), where
V(A, B, t) denotes the value of the flexibility to switch operation from
Bto Aat tinet. The initial investment required under this scenario is
I + C(A, B), where C(A, B) denotes the increnental cost required to
invest in flexibility to switch fromB to A oviously, the firm chooses
the flexible scenario only if the value of the flexibility V(A B, 0)
exceeds the extra cost C(A, B) needed to acquire it. The synmmetric
argunent holds for the valuation of the option to switch fromproject A
to project B.

The fornul ati on of the dynanmic programfor V(A B, t) provided
bel ow assunes know edge of the stochastic processes foll owed by the two
proj ect values, PV(A) and PV(B). In general, one could identify a nunber
of sources of uncertainty affecting the PV of each project (stochastic
cashfl ows, discount rates, etc.), and possibly incorporate the inpact of
the stochastic evolutions of these variables on the two project val ues.
In our analysis, we choose to consider that the inmpact of these
uncertainties can be collapsed into processes representing geonetric
Browni an notion specifications(we sinplify the notation by using synbols
A and B to represent PV(A) and PV(B), respectively). Thus:

further a "flexible scenari o,



dA = Aadt + Acndza dB = BBdt + Bogdzg [ 1]
where o, P represent the growmh rates, o, 0Og are the instantaneous

vari ances, and dz, dzg are Wener processes for projects A and B,
respectively. The uncertainties in the stochastic processes A and B are

correlated, with the coefficient of correlation pas.

Now, the valuation problemcan be fornmulated as follows. At tine
t, O<t<T, the firmthat adopts the flexible scenario attenpts to maxinize
its profits by choosing between exercising the right to switch between
projects B and A or postponing the decision until later to obtain nore
i nformati on about the evolutions of the projects. Assum ng that the next
decision instant is at tinet + dt, the optimal sw tching strategy
becones:

V(A B t) = MAX {A - B, E(V(A + dA, B + dB,t + dt)exp(-y dt))} [2]

Equ.[2] expresses the value of the option to switch between projects B
and A at tine t. It indicates that, if the switch is exercised

i mediately, the option is worth the difference between the PVs of
projects A and B. If the decision is postponed until time t + dt, the
option is worth the expectation of its future value discounted to tinme t

at a discount rate y. The expectation is conputed based on the
information at time t. The maxim zation reflects the fact the firm makes
its choice optimally bearing in mind not only the i mediate payout (such
as a positive A-B;) but also the consequences of the future evolutions
of projects A and B. Equ.[2] also applies to the value of the option to
switch at the beginning of the decision interval, V(A B,0). This value
represents the maxi mumprice that the firmis willing to pay for the
flexibility given by the right to switch between alternative projects.
Equ. [2] is known as the Bell nan equation (see, for exanple,
Oksendal [1991]) and represents the dynam ¢ progranmm ng problemin
continuous time. Assuming that it is not optimal to exercise the option
at time t but rather postpone the decision until tine t + dt, the
foll owi ng successive steps nodify the right-hand side of equ.[2]. First,
apply Taylor's theoremto expand the termexp(-ydt). Second, replace the
term V(At +dA Bt +dB, t +dt) by its equivalent V(A,B,t) + dV(A,B,t) and
apply I1tdé's lemma for two variables (see,for exanple, Ingersoll [1987])
to expand differential dV. Next, apply the expectancy operator to the
expanded expression, keeping in mnd that E(dz,) = E(dzy,) = 0 and

E(dzadzg) =pas dt. These steps yield the followi ng expression for the



val ue of the option (tinme subscripts are dropped for conveni ence of
not ati on):

1 1
V={§ azAAZVAA +E ozBBZVBB +PpROAORABV AR +aPWRy + BV +\{ Jdt H1—)dt ) V+ddt)
[3]
with o(dt) representing the terns that go to zero faster then dt as dt
-> 0. Dividing by dt and proceeding to limt as dt->0, we get the second-
order partial differential equation for the value of the option to

swi tch:
1 2.2 1 2.2 /-
ZO'AA VAA+20'BB VBB+pABO'AO'BABVAB+aAVA+BBVB+Vt W—O

[ 4]
To specify the value of the option in the situation when it becones
optinmal to exercise the switch at tine t, we add the follow ng boundary
condi tions:
V(0,B,t)=0
V(A B, t7) = A+ - B [ 5]
Va(t*) =1, Vg(t*)=1

The boundary conditions,[5] are known as the val ue matching and the high
contact conditions (Dixit and Pindyck [1994]) and correspond to the
Anerican-style call option to switch, which may be exercised any tine
before or at the expiration date T. On the other hand, if the expiration
islimted totime T only, equations [4] and [5] represent the valuation
probl em of the European-style call option, for which the solution

nmet hodol ogy is known (see McDonal d and Siegel [1985]).

To solve differential equ. [4] s.t. [5], one utilizes the fact
that function V(A B, t) is honbgeneous of degree 1 in (A, B) (Ingersoll
[1987], p.210). This allows the reduction of equ. [4] to a one
di mensi onal problem expressed in terns of the ratio of projects A and B.
The assunption of honpbgeneity allows the follow ng substitution:

V(A B, t) = BWAB t) = BWS, t) [ 6]
where WS, t) is the value of the option to switch contingent on the
ratio S of projects A and B with the exercise price equal to unity, at
time t. Successive differentiation of V(A B, t) vyields:

Va = W Ve = W- S W
Var= W/ B VBB=SZ\NSS/ B



Vas= - S Wd/B Vi = BW [6]
Substituting these derivative expressions into [4], one gets the
foll owi ng second-order differential equation

1/ 2[0'2A+0'28—pABO'AO'B]52V\éS Ha-pPSWs +W H B-y)W=0
[7]
Simlarly, the boundary conditions [5], becone:
W (0,t)=0
WS- t*) = S+ -1 [8]
W=1
Equ.[7] with the boundary conditions [8] may be sol ved through
approxi mati on using an approach proposed by Barone-Adesi and \Wal ey
[1987], (BAW who showed how to solve a sinmlar differential equation for
Anerican options witten on commodities. The mathematical details of the
solution's derivation are sinilar to BAWand we do not present the
resulting (sonewhat conpl ex) formul asll A by product of the derivation
is the ratio S* for which switching is optimal. In what follows we
present nunerical exanples and provide insights on valuing the
flexibility to switch and the ratio S* for which switching is the optinal
strategy.

Nurreri cal Exanpl es and Sensitivity Analysis

This section explains how the val ues of parameters entering the
val uation nodel affect the value of the option to switch WS, t) and the
optinmal ratio to switch S*, at any point intinet, in the interva

[0, T]. As explained previously, the set of input parameters in the
nodel includes: the growh rates of projects A and B, the variances of
the two projects, the discount rate, the correlation coefficient
bet ween projects A and B, the tine to expiration of the option T - t, and
the ratio S of projects Aand B at tinet. To sinplify the analysis, we
choose the tine at which the solution is calculated to be the beginning
of the tine horizon [0, T] and consider the tine to expiration T as the
only tine-related variable in the nodel. In the sane spirit we take the
val ue of project B as nuneraire so the solution for Vis identical with
the solution for the conpanion transformation W

There are eight input paraneters and two outputs in the nodel.
Studyi ng the inpact of joint variation in values of eight input

2The derivation is available fromthe authors upon request.



paranmeters on the solution (outputs) is obviously Iinmted. W can
however, formpairs of input paraneters, and observe the inpact of their
variation on the optimal solution, for fixed values of the renaining six
paranmeters. To present the results of our analysis, we define the base
case as: S =1, a = 0.05 B = 0.03, on = 0.3, og = 0.2, vy =

0.15, T =1, pa = 0. This neans that whenever one of the input parameters
is kept fixed, its value is given by the base case. One easily verifies
that it is possible to form28 different pairs of input paraneters for V
and 21 pairs of input paraneters for S* (the difference between the two
is because the optinmal ratio S* is independent of S). Wile it is

i npossible to present in a short study the anal yses of all possible
pairs, we present the results of the nobst inportant, in our opinion
nunerical scenarios. The anal ysis focuses on the inpact S the initial
ratio, T tinme to expiration, project volatilities and correl ation have on
the value V of the flexibility to switch. At the sanme tine the inpact of
T time to expiration, project volatilities and correlation on S* is

anal yzed.

First, it is interesting to see how the value of the option V
depends upon the project values ratio S and the time to expiration T
(recall that Sis the ratio of the project values, and T is the |length of
time remaining in the decision horizon). The values of the option for
different pairs (S, T) are reported in Table 1. One observes that
flexibility has very little value for small values of S and increases
along with the increase in S. Mreover, one can see how V increases with
the increase in tinme, and that this increase is nore significant for
| arger values of S. As explained previously, one nmay use the values of V
reported in Table 1 to assess the investnment in the option to switch: if
the price one has to pay to acquire the flexibility does not exceed V at
time O, the investrment is justified. Finally, the last rowin Table 1
shows the optimal ratio to switch S* corresponding to various val ues of
T. These nunbers indicate when the switch between the alternative
proj ects should be undertaken: if the "current" ratio S exceeds S*, the
switch should be exercised. Figure 1 gives the graphical account of the
sensitivities that the value of the option has with respect to the ratio
of the projects and tine. It appears that S has a nore significant inpact
on the value of the flexibility than tinme. It is clear fromthe analysis
that the value of the option erodes with the passage of tine if the ratio
S does not change.

From a managerial point of view, if the ratio of the two projects
is not expected to change considerably, investing in the real option to



swi tch does not make too nuch sense. If the price one pays at tine O is
equal to the value of the option at tine O and the ratio S does not
change, investing in flexibility is value destroying. To make this point
clear, let’s consider that the initial ratiois S=1 and the option is
open for 3 years and 3 nonths (T=3.25). The val ue of the option declines
to .07 (for .25 years remaining) from.23 (for 3.25 years remaining) if
three years pass by and not hing el se changes. However if the ratio
suddenly noves to 1.25 when three nonths remain in the life of the rea
option, the value of the real option is restored to its initial value. If
on the other hand at any time t, S* is reached then switching becones
optimal and the initial decision to invest in flexibility makes sense.
Table 1 shows that we are dealing here with a termstructure of optimal
ratios S*: the ratio changes its value if tines goes by. This shows that
ignoring tinme in such an analysis can |lead to erroneous interpretations.

Whenever the initial ratio is greater than S* we have the trivial
case when the value of the option is equal to the difference between the
val ues of the two projects. In Table 1 if S=1.5 and the option to switch
is open for only 3 nonths (T=.25) the value is .5, reflecting the fact
that S* for t=.25 is 1.48.

Second, one exam nes the inpact of the correlation between the

projects and tine. We present the results of the analysis for the pairs

(T, pm), 0 <T< 2, 1 >pae=-1. Figure 2A (see also Table 2A)

denonstrates how V decreases in T for different values of pa, given that
S = 1. One notes that, in general, the value of V is always higher for
negatively than positively correlated projects. Mreover, it decreases
nore sharply for negatively correlated projects as T approaches zero.
Figure 2B (see also Table 2B) shows a simlar pattern for the ratio S*
Whereas, the decrease in the value of the option with the decrease in
time to expiration (with all other variables, including S, kept constant)
is consistent with the option theory, the inpact of correlation on V and
S* is less obvious. It justifies a higher price for the option to switch
bet ween the negatively rather than positively correlated projects. At the
sane tine, it shows that the flexibility of swi tching between positively
correlated projects has, in general, less value and therefore one should
not overstate the benefits of such flexibility.

Runni ng the analysis of (T, pas) for values of S significantly
different fromone (not shown), we observed that the ratio S not only
significantly affects V but also influences the pattern observed in
Fi gure 2A and 2B and Table 2A and 2B. As S significantly departs from
one, the surface representing V tends to flatten and thus the inpact of



time and correlation is weaker than that observed for values of S close
to 1.

Third, we exam ne the effect of the uncertainties in the project
values on the flexibility value and S*. Tabl e 3A denonstrates how
vari ances of the projects' values affect the value of the option, given

that 0.5 =2 ¢, =2 0.1, i = A B, and the project values are negatively

correl ated (pas=-.5). Table 3B shows how variances affect the optima
ratio S*. One observes that in this scenario, the higher the
uncertainties, the higher is the value of the flexibility and the higher
ratio to switch. Figures 3A and 3B sunmmari ze these findi ngs graphically.
It appears that uncertainty is an inportant factor that influences both
the investnment and the swi tching decisions.

Interestingly, the pattern observed in Figures 3A and 3B, while
true for negative ranges of correlation, is not exactly replicated in
case of positively correlated projects. In the latter case, the surface
representing V (S*) achieves its mninmumat sone positive value with

respect to os for a given value of og (and vice versa). Table 4A and 4B
as well as Figure 4A and 4B tell this very interesting story. Therefore,
we concl ude that one should study the inpact of uncertainty in the nodel
in conjunction with the correl ati on between the projects. M xtures of
variances (volatilities) and correlation will decrease both the
flexibility value and the optimal ratio to switch. The general idea that
uncertainty increases the flexibility to switch val ueBlis incorrect. Wen
projects are positively correl ated, nanagers should pay attention both
to the projects’ level of uncertainty (volatility) and to the ratio
project A volatility to project B volatility.

The nunerical exanples we have studied denonstrate the inpact of
sel ected i nput paraneters on the solution to the valuation nodel. It
appears that the ratio of the projects, at the tine the decisions to
invest or to switch are considered, is the primary factor influencing
t hese deci sions. The research has also studied the inpact of tine,
correlation, and projects' variances on the value of option to switch and
the optimal exercise of the flexibility option. These observations inmply
that inappropriate assessnment of the projects' characteristics may |ead
to erroneous investnent decisions or inappropriate tinmng of swtching
deci si ons.

3 See for instance Grinblatt and Titman (1998)



The Initial Ratio and Ti nme

G ven the inmportance this research finds for the initial project value A
to project value B ratio, sone further analysisDis i n order.

Let’'s recall that Sis the ratio of two geonetric Brownian notions
Si=A/B;,. Applying It6’ s I emm, one gets the follow ng expression for dS

dS = Sa - B+ 05 -0,0.p,.)dt + Jo,dz, - 0,dz),) [9]
The parenthesis in the last termof [9] can be rewitten as:

oJdz, = o,dz, — 0,dz, [10]
with

O, = 0% + 0, —20,0.0, [10']

Now one can solve [9] as for a sinple Brownian notion and obtai ns:

qt) = Y0 exp[ogdzg] exp{[(a=5a}) - (B-507)1t} [11]
The solution given by [11] consists of a determ nistic conponent, usually
called signal, represented by the second exponent and a stochastic
conponent, usually called noise, represented by the first exponent. In
order to asses the true ratio S(t), one would |ike to have a signal which
dom nates the noise. From|[11l] it is obvious that one can find a tine t
for which the signal domi nates the noise with a required degree of
confidence. The condition is for the exponent representing the signal to
be greater than the exponent representing the noise. Solving for the
i nequality, one obtains:

C’o?
[ (a—50%) - (B-502) ]’
where C is the nunber of standard deviations for the required confidence
| evel . Assunming that, in our base case ,the degree of confidence,
required is 55 percent (C=.13), it should take al nbst 88 years to obtain
a rati o where the signal dom nates the noise. For higher |evels of
confidence the nunber of years is very large. It is obvious that, under
the circunstances, the observed ratio at one point in tine is just
i nconplete information. To obtain nore infornmation, it will nmean to wait
much | onger then the opportunity w ndow exists. Therefore, one can
conclude that the switch is always based on a very noisy estimate. It is

>

[12]

4 Anmbarish and Seigel (1995) discuss te sane idea in another context.



very much possible for this to be the reason of the low profitability of
investing in flexibility (Mansfield, [1993]).

Concl usi ons

In this paper, we have devel oped a nodel for evaluating the val ue
of the flexibility to switch. W defined flexibility as the capability to
switch between the alternative projects at no cost, and contrasted
investnment in flexibility with the situation, in which one nakes the
irreversible investnent in only one of the projects. W devel oped our
real option nodel under the assunption that the flexibility to switch has
a value only during the limted tinme horizon. W formul ated the val uation
probl em as a dynam c programm ng problemin a continuous tine. The
resulting partial differential equation for the value of the option to
swi tch, contingent upon the ratio of the projects, can be solved through
approxi nati on. We exam ned how the val ues of the input paraneters
entering the valuation nodel affect the value of its outputs: the value
of the flexibility to switch and the ratio of the projects, at which the
swi t chi ng deci si on becones opti nal

We believe that our formulation offers a valid alternative to the
recent attenpts to quantify the flexibility to switch and i ncorporate
this value into the capital budgeting process. Qur val uati on nodel
expands the existing literature on the neasurenents of flexibility and
provi des a nmat hematical tool that can support nanagers facing choices
associated with investnents in manufacturing flexibility. At the sane
time, we recognize the limtations of our fornulation. In the current
nodel , switching costs are negligible and the sw tching decision cannot
be reversed. W are planning to address these issues in future studies.
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TABLE 1

The value V of the flexibility to switch as a function of
the initial ratio S and tine T

S T
. 25 .75 1.25 1.75 2.25 2.75 3.25
.50 [0. 00000 0.00113 0.005320.01142 0.018280.02531 0.03220

. 75 10.00381 0.02659 0.04847 0.06732 0.083600.09778 0.11023
1. 00[0. 07256 0.12349 0. 15619 0. 18101 0.20109 0.21787 0. 2322

1. 25[0. 25975 0. 29340 0. 32038 0. 34211 0. 36015 0. 37544 0. 38859
1.50/0.5 0. 50863 0. 52315 0. 53737 0.55031 0. 56186 0. 57214
1.75/0.75 0.75 0. 75232 0. 75809 0.764880. 77177 0. 77839
2. 001. 1. 1. 1. 1. 00049 1. 00236 1. 00495

*

S 1. 48804 1.72664 1. 86923 1. 97356 2.05591 2. 12356 2. 18047

The last row indicates the critical value S for which the
projects should be sw tched.
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FI GURE 1

value V of the flexibility as a function o
ratio Sand tine T




TABLE 2

Sensitivity analysis for changes in correlation and tine

PANEL A
The value V of flexibility as a function
of correlation and tine

p T

. 25 . 50 . 75 .1.00 . 25

|_\

-1 0.099641 0. 1392 0. 168289 0.19181 0. 2117

.8 10.094871 0.132621 0.160419 0.182923 0.20197

.6 |0.089837 0.125673 0.152101 0.173525 0.19168

.4 10.084489 0.118288 0.143254 0.163522 0.18072

.2 10.078764 0.110376 0.133769 0.15279 0. 16895

0 0.072569 0.101808 0.123492 0.141154 0.15619

.2 0. 065767 0.092394 0.112192 0.128352 0.14213

.4 0. 058136 0.081829 0.099502 0.113966 0.12633

.6 0. 049277 0.069558 0.084756 0.097239 0.10794

. 8 0.038299 0.054349 0.066475 0.076497 0.08513

1. 0.021936 0.031735 0.039336 0.045741 0.05134



FIGURE 2 A

flexibility as a function

of correlation and tine
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TABLE 2

Sensitivity analysis for changes in correlation and tine

PANEL B
The value of S* as a function of correlation and tine
p T
. 25 .50 .75 1. 00 1.25

-1. 1. 6883 1.90914 2.06757 2.19395 2.29995
-.8 |1.65072 1.85596 2.0027 2.1195 2.21732
-.6 |1.61213 1.80155 1.93652 2.04372 2.13335
-.4 |1.57232 1.74566 1.86875 1.96627 2.04769
-.2 |1.53106 1.68794 1.79897 1.88673 1.95987
0.0 |1.48804 1.62793 1.72664 1.80448 1.86923

.2 |1.44284 1.56496 1.65095 1.71862 1.7748
.4 [1.39495 1.49804 1.57068 1.62775 1.67508
.6 |1.34392 1.42564 1.48378 1.52951 1.56742
.8 11.2909 1. 34564 1.38668 1.4194 1. 44669

1. 1. 24309 1.26171 1.27705 1.29055 1.30258




FIGURE 2 B

The value of S as a function of correlation and tine

S*




TABLE 3

Sensitivity analysis for changes in volatilities
with a correlation of -.5

PANEL A
The value V of flexibility as a function
of volatilities with a correlation of -.5

SA SB
1 .2 .3 .4 .5
1 0.07239 0.10596 0.14115 0.17671 0. 21221

.2 0.10596 0.13598 0.16860 0.20230 0.23635

.3 0. 14115 0.16860 0.19887 0.23059 0.26298

.4 0.17671 0.20230 0.23059 0.26046 0.29118

.5 0.21221 0.23635 0.26298 0.29118 0.32032

PANEL B
S as a function of volatilities with a correl ation of

SA SB

1 .2 3 4 .5

.1 11.39937 1.57977 1.80448 . 06915 2. 3757

N

.2 11.57977 1.7692 2.00523

N

. 28551 2.6118

.3 | 1.80448 2.00523 2.25516

N

. 55333 2.9017

.4 ] 2.06915 2.28551 2.55333

N

. 87292 3. 2467

.5 ] 2.37575 2.61188 2.90176

w

. 24676 3. 6499

.5



FI GURE 3 A

The value V of flexibility as a function
of volatilities with a correlation of -.5




FIGURE 3 B




TABLE 4

Sensitivity analysis for changes in volatilities
with a correlation of .5

PANEL A
The value V of flexibility as a funciton
of volatilities with a correlation of .5
SA SB
.1 .2 .3 .4 .5
.1 10.0457413 0.0723926 0.105966 0.141154 0.176719
.2 10.0723926 0.0822305 0.105966 0.13598 0. 168606
.3 10.105966 0. 105966 0.118974 0.141154 0. 168606
.4 0. 141154 0. 13598 0. 141154 0. 15555 0.176719
.5 10.176719 0. 168606 0.168606 0.176719 0.19181
PANEL B
S* as a function of volatilities with a correlation of
SA SB
.1 .2 .3 .4 .5
.1 ]1.29055 1.39937 1.57977 1.80448 2.06915
.2 |1.39937 1.44843 1.57977 1.7692 2.00523
.3 | 1.57977 1.57977 1.65871 1.80448 2.00523
.4 |1.80448 1.7692 1.80448 1.90684 2.06915
.5 12.06915 2.00523 2.00523 2.06915 2.19395

.5



FI GURE 4 A

The value V of flexibility as a function
of volatilities with a correlation of .5




FIGURE 4 B

S* as a function of volatilities with a correlation of .5
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