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he multinational corporation is a network of activities located in different countries. The

value of this network derives from the opportunity to benefit from uncertainty through
the coordination of subsidiaries which are geographically dispersed. We model this coordination
as the operating flexibility to shift production between two manufacturing plants located in
different countries. A stochastic dynamic programming model treats explicitly this flexibility as
equivalent to owning an option, the value of which is dependent upon the real exchange rate.
The model is extended to analyze hysteresis effects and within-country growth options. We
show that the management of across-border coordination has led to changes in the heuristic
rules used for performance evaluation and transfer pricing.
(Multinational Networks; Real Options; Dynamic Programming)

Introduction

The theory of the multinational corporation has tradi-
tionally sought to explain why a firm can successfully
invest in overseas operations. As Hymer (1960) noted,
a foreign company operates at a disadvantage relative
to local firms; it must control the operations over longer
distances and it is at a handicap in a foreign culture.
Thus, he concluded, direct investment must be moti-
vated by a competitive asset that provides the foreign
firm with an advantage.

Around this central perspective, the work in both
economics and management has developed a substantial
and complementary body of research. In the field of
the economics of the multinational corporation, consid-
erable attention has been paid to the theoretical and
empirical investigation of firm-level advantages and
foreign direct investment. In the area of management,
a principal line of inquiry regards the costs of managing
foreign operations due to differences in culture, labor
relations, and human resource practices. The manage-
ment literature, in effect, has investigated in detail Hy-
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mer’s supposition of the higher costs of managing in
foreign countries.

This central perspective, however, loses considerable
relevance for the investigation of the economic and
competitive behavior of multinational corporations.
There is a distinction between the economic and man-
agement aspects of a firm's first and subsequent in-
vestments in a foreign country. Nor is this distinction
minor when it is considered that around 40% of U.S.
trade stems from the transfer of goods among affiliates
within a corporation and that the predominant pro-
portion of U.S. direct investment is in the form of rein-
vested earnings in already existing subsidiaries.’

An indication of the use of foreign subsidiaries as
part of an internationally coordinated strategy is given
in Table 1. This table shows the sales of affiliates within
the corporation and to the outside. The degree of in-
ternal transfers is quite high, especially for the Asian
region which provides a platform for global sourcing.

! See Kogut (1983) for a discussion.
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Table 1 Destination of Shipments of U.S. Manufacturing Affiliates
Abroad
As Fraction of Total Sales
Third Gountry
Area Local Sales Sales U.S. Sales
Canada 619% 3.4% 34.8%
Europe 60.2% 34.2% 5.6%
Japan 83.3% 7.8% 89%
Other Asia and Pacific 60 9% 18.0% 21.1%

relationship between headquarters and subsidiaries to
a network structure.

In this sense, our treatment of the option value of a
multinational corporation has a more general implica-
tion. The network structure of the multinational cor-
poration provides the organizational capability to co-
ordinate subsidiaries flexibly across borders. The eco-
nomic merits of the international firm as a network are
derived from the option value of multinational operating
flexibility under the critical condition of uncertainty. The

?_m_% 1R netwark structure nf the muiltinational firm i an ayn..

Source. 1989 Benchmark Survey of U.S. Direct Foreign Investment Abroad.

The coordination of a network of subsidiaries dis-
persed throughout the world provides an ‘operating
flexibility” that adds value to the firm. This operating
flexibility is an advantage gained by being a multina-
tional corporation. As developed below, it can be con-
ceived as owning the option to respond to uncertain
events, such as government policies, competitors’ de-
cisions, or the arrival of new technologies in some parts
of the world.

The following article develops a formal model of the

1. Operating Flexibility and
Multinational Options

Options are valuable due to three conditions: uncer-
tainty, time dependence, and discretion. That flexibility
is valuable only when there is uncertainty is obvious.
Yet, often, the problem of understanding the source
and properties of the uncertainty is substantial. A simple
example is the difficulty of describing the probabilities
attached to the arrival of new technologies.

A more subtle feature is time dependence. The ap-
plication of option analysis to investments is important,
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a brand label or simply knowledge of the market, pro-
vides a platform for the introduction of new products.
This kind of option applies also to an investment by a
domestic firm. The second kind is an “across-country”’
option provided by operating flexibility.

Within-country options are significant in the inter-
national case because of the Hymer condition men-
tioned above, that is, the first international investments
are made by firms which lack the organizational knowl-
edge and supporting assets in the foreign market. The
first investment carries, consequently, a large option
value, as it opens the market for subsequent expansion.
But the creation of these options is not itself an advan-
tage of being international, but rather an aspect of the
process by which the firm expands in a foreign country.
In fact, as the firm grows in the foreign market, the
value of these options to launch new products or to
diversify within the country becomes the same as for a
purely domestic corporation.®

The advantage of operating across borders relative to
a purely domestic firm lies, then, not in being interna-
tional, but in the ownership of options to coordinate
flexibly multinational activities within a network. The
option value of multinationality is different from that
of the benefits of geographic diversification. The benefits
of diversification are created by the reduction in variance
of the overall portfolio of subsidiary results.* An option,
on the other hand, is valuable because it gives managerial

_ dinamatice 1o mpnmand nuchiteblirin the wnalizatinn f_nun i

be ignored. A firm must be able to gather the appropriate
information to know when the option should optimally
be exercised; even when the information is known, ex-
ercise may be hindered by organizational features that
obstruct flexibility.

We investigate these issues more formally by analyz-
ing the problem of evaluating the value of manufac-
turing in two different countries. The source of uncer-
tainty is the fluctuation in the real exchange rate; time
dependence arises because the flexibility to shift pro-
duction can only be realized by investing in two plants;
managerial discretion is achieved by creating the proper
accounting and organizational practices.

As our intention is not to mode] the extant manufac-
turing location problem, we focus only on the aspects
of interest to our argument, that is, the increase in value
gained through operating flexibility. We lay out first the
formal model of the value of shifting production in re-
sponse to exchange rates. We extend the results to con-
sider a generalized global sourcing from more than two
countries, hysteresis and growth options. Then, we turn
to examining the accounting and pricing rules required
to support the exercise of operating flexibility in a mul-
tinational network.

2. Global Manufacturing and
Production Shifting

Thalibnuag:ns an glahal monfaaturineslineina.madale

In this sense, a real, as opposed to a financial, option
differs in an important sense. (By real, it is meant an
investment in operating activities rather than the pur-
chase of financial instruments.) The exercising of a fi-
nancial option is rarely impaired by institutional im-
pediments; prices are easily available from markets and
trading is relatively easy to carry out. But the exercise
of a real option faces important impediments that cannot

3 Of course, they carry substantial implications. For example, the pre-
dominant means of entering a foreign country is by acqusition, which
represents an immediate way to gain brand label and distribution
platforms for other products.

* This diversification, because shareholders can achieve it more effi-
ciently through capital markets, has empirically been shown to be of

minor value to the multinational corporation. See Jacquillat and Solnik
(1978)
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and scheduling in the absence of multiperiod flexibility.
Recent advances have tried to embed the location and
scheduling problem within the context of a network of
production and distribution facilities (Cohen et al. 1989,
Cohen and Lee 1989). Whereas these approaches have
progressed considerably in analyzing cost minimization
of multinational operations within a network, they do
not incorporate the value of flexibility under uncertainty.
The effect of uncertainty in a single-period model has
been addressed in a mean-variance approach (Hodder
and Jucker 1985a, Hodder and Jucker 1985b). This ap-
proach addresses uncertainty as a penalty to be mini-
mized; multinationality, via diversification effects, is
valuable only insofar that the variance of the portfolio
of manufacturing sites decreases with geographical dis-
persion.
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Figure 1 Trade Weighted Real Exchange Rates
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An attempt to capture the value of flexibility under
uncertainty is provided in the one-period stochastic
model of production shifting of de Meza and van der
Ploeg (1987). A multiperiod stochastic model explicitly
incorporating the option valuation of production shift-
ing in a network is qualitatively described in Kogut
(1983, 1985) and formally analyzed in Kogut and Ku-
latilaka (1988). It is this multiperiod stochastic for-
mulation that is explored below.®

To analyze the value of multinational coordination
of manufacturing, consider a firm with assets dispersed
to various parts of the world. The decision facing the
firm is to minimize total cost producing in a single lo-
cation or switch flexibly between two sites located in
different countries. Factor prices and final demand are
given and known. Uncertainty arises through fluctua-
tions in exchange rates. By treating prices and output
as given, we are able to focus on the effect of location
switching on value.®

Though a number of factors generate economic
shocks which are likely to influence the value of in-

® This model has_been expanded to exnlore critical exchanee rates at

vesting in flexibility, fluctuations in exchange rates are
certainly one of the more potent sources of disturbance.
The variance in real exchange rates is illustrated in Fig-
ure 1 which shows the (trade weighted movement) of
the Deutsche mark and dollar over the period 1976 to
August 1992. The monthly variance of these rates about
the mean of 1.00 (i.e. if PPP holds true) is in the order
of magnitude of 8% and the total band is given by the
range (0.6, 1.4). These violations of PPP point to sub-
stantial disparities in prices in the real-goods markets.
Clearly, in the absence of arbitrage between-goods
markets—an assumption which is eminently reasonable
for labor and for sticky energy pricing—there is a value
in investing in the option of where to produce.

2.1. The Simple Formulation: Costless Switching
The principal elements of our argument can be most
clearly examined by modeling a simple example. Con-
sider a firm which is evaluating a project to invest in
two manufacturing plants—one in the U.S. and the
other in Germany. The plants are identical in their tech-
nological characteristics and differ only in the prices
(evaluated in dollars) of the local inputs. The firm carries
redundant production capacity, so that total demand,
which is known and nonstochastic, can be met with
either plant. (This formulation also accommodates the
case where only part of the production is shifted in
response to changing exchange rates.) The product of
the firm is priced in a world market, say in U.S. dollars,
and fluctuations of the DM /$ exchange rate do not
affect the dollar market price.”

Suppose some input factors of production are also
priced in the world market. Other inputs (e.g., labor)
are priced in the local currency and their prices do not
comply with the law of one price, due to institutional
and government regulatory factors. Since short-term
wage movements tend to be independent of short-term
movements in exchange rates, the law of one price fre-
quently is violated for the case of labor. Consequently,
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where wg is the wage rate in the U.S. expressed in $,
we = wuS($ /M) is the dollar value of wage rate in
Germany, wy is the German wage rate in Deutsche
marks, S($ /M) is the nominal exchange rate, and 6 is
the effective real exchange rate (i.e., deviation from the
law of one price). In such a world, if the firm could
shift its production between the two plants, the pro-
duction location will be determined by the relative price
of the locally sourced input. In addition, taxes (subsi-
dies), tariffs, trade and financial barriers, and trans-
portation costs can affect the dollar value of the locally-
sourced input.

2.2. Modelling Uncertainty

The option value to switch production can be affected
by a number of sources of uncertainty, including labor
unprest. eovernment policies or threats. or local suppliers’

greater than one, it is cheaper to produce in Germany.
However, as discussed below, when switching is costly,
the decision rule is not simply to switch when the
threshold of 8 is crossed.

The discrete-time mean reverting stochastic process
for the real exchange rate can be written as

A, = N0 — 6,) At + 08,AZ, (2)

where AZ, are the increments of a discrete-time Wiener
process and are normally distributed with mean 0 and
variance At, ¢#, is the standard deviation of 8 per unit
of time, and X is the mean reverting parameter. Ran-
domness is introduced via the AZ term. The parameter
A acts as an elastic force which serves to bring the price
indices in the two countries towards parity. For example,
when A = 1, any random shock which affects the real

B ———————————————— 0
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and revenues are held constant. Notice that when 6
<1, ¢* > ¢, making the firm choose to produce in
Germany; when 6> 1, ¢* < and the firm will produce
in the U.S. Hence it is the relative cost of production
that determines the production location choice.

Without loss of generality, we normalize the costs of
the U.S. plant as one: Y(Ps) = 1. If all input prices are
locally determined then the dollar value of the German
costs equals

¥e(6) = Y(6Ps) /¥(Ps) = 6.

In general, when only some of the input factors are
locally priced the normalized cost function of German
production can be expressed as y¢(6).

3. Value of Flexibility

Given the above macro and microeconomic description,
the option value of flexibility can be solved as a dynamic
program. To be evaluated are the stream of costs from
the plants each with an economic life of T periods of
length At. At the beginning of a period, the firm knows
with certainty the realized values of all relevant vari-
ables, including the real exchange rate 4, for that period.
If switching between locations is costless, then the
time T present value of the costs under the flexible pro-
duction arrangement obtained by choosing the location
with the minimum costs over the last time period is

F(6r) = min[1, $°(br-1)]. (3)

At any previous time ¢, the value of the project will
be the sum of costs from the optimal operation in the
period beginning at time ¢ and the (minimized) value
function at time ¢ + 1. By this logic, we arrive at the
following recursive equation for (#,):

F(6,) = min[1, ¥¢(6,)] + pEF (811),
t=0,...,T, (4)

where E, is the expectations operator conditional on in-
formation at time t and p is the one-period risk-free
discount factor.’® This recursive system of equations

19 Cox et al. (1985), have shown that when 8 is the price of a traded
security or if does not contain systematic risk the appropriate discount
rate is the risk-free rate. Furthermore, even when 4 is not the price
of a traded asset and when it contains systematic risk, a simple ad-

128

states the fundamental proposition in our model. It ex-
presses the value of the project as the discounted flow
of a temporal series of options.!

3.1. When Switching is Costly

In practice, it is costly to switch between plants due to
costs associated with shutdowns and startups, labor
contracting, and managerial time commitments. If the
decision to switch production takes into account the
costs of switching multiple times over the life of the
plants, the switching decision becomes also a function
of the current mode of operation. Compared to the
costless case, cost differences must move sufficiently to
justify switching production. We denote the cost to
switch from location i to j, as x,. When the U.S. is de-
fined as location 1 and Germany as location 2, «;, is the
cost of switching manufacturing from the U.S. to Ger-
many.

This problem is more complex than the previous one,
as it involves solving a compound option where the
value function depends on the operating location chosen
during the previous period. For example, if the firm
operated at location 1 during the period ¢ — 1, then the
value function at ¢ is given by

11 + pEtg(aHll l)l,
cost of using location 1

[:KIZ + \bc(of) + pEF(0:41, 22]] (5)

cost if switch to location 2

F,1)= min[

where F(6,, 1) is the value of the flexible project at time
t (when 6, is realized) when the location ! was in op-
eration during the period ¢t — 1. The first argument of
the minimum operator is the cost if the firm chooses to
use location 1 for the period beginning at time ¢, and
is computed in a manner similar to Equation (6). The
second argument of the minimum operator gives the

justment to the transition probabilities allows the use of risk-neutral
discounting. See Hull (1989) for a good intuitive discussion of this
point.

! In order to solve this recursive system we must specify a stochastic
process for 8, such as in Equation (2). Under certain very restrictive
assumptions about the process we can obtain closed-form solutions
for F. See Kulatilaka and Marcus (1988) where the option values are
derived in closed form when § follows geometric Brownian motion.
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cost when the firm switches to employ location 2 and
incurs a cost xi,.

Similarly, the value of the project when operating in
location 2 during the previous period is
[1 — k1 + pEtg(0t+lr 1)],

F(6;, 2) = min{ ~ -~
cost if switch to location 1

[\[/G(ﬂt) + PEtg(atH: 2)J

cost of usin‘;; location 2 |

(6)

Another way to think about the problem of coordi-
nating two plants located in different countries is to
consider what are the optimal exchange rates at which
production is shifted. If switching costs are zero (i.e.,
K12 = k21 = 0), then the optimal exchange rate would
be independent of the current operating mode. No mat-
ter, then, if Equation (5) or (6) were to govern the value
of the project, the timing of switching between the two
plants would occur at the same optimal exchange rate.
At this threshold exchange rate, the value of the two
cost functions are identical.’

However, when costs are incurred, the boundary
conditions are not the same. These costs cause the
threshold exchange rates for shifting production to de-
viate from the break from the break-even rate for cost-
less switching.

If it were not for switching costs, the solution to the
optimization problem would be simple: choose in each
period the location ! that maximizes y'(6;) in that period.
However, switching costs make a forward-looking
analysis necessary. A firm may decline to switch loca-
tions if the possibility of a reversal in the relative cost
advantage due to subsequent exchange rate movements
is high. The probability distribution of future real ex-
change rates affects the current choice of technology.
This band of inaction is commonly called a condition of
hysteresis. In Figure 2, we provide a stylized represen-
tation of hysteresis in production switching between
two locations. Except for a few degenerate processes,
this band widens with the degree of uncertainty and
switching costs."?

2 The equivalence of the two cost functions satisfies one of two
boundary conditions; the other condition is smooth-pasting See the
Appendix for a discussion.

Figure 2 Hysteresis and Real Exchange Rates
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3.2. Global Sourcing: The General Formulation

In general, when thereisaset L = {1,..., L} possible
production locations with associated cost functions Y,
the valuation equations can be written as

F(6,,1) = min[— ki m + ¥"™(6,) + pEF (B2, m)],
me L

le L. (7)

Parenthetically, the model becomes intractable for
multiple-exchange rate processes, but it should be re-
called that since most currencies are pegged to the dollar,
ECU, or yen, the model can be reduced to considering
two exchange rates.'

Neglecting transportation and factor cost differentials,
the intuitive solution to this more generalized problem
is to choose to locate a plant in a country whose ex-
change rate is the most volatile. Given plants in n — 1
countries, the selection of a new site will be influenced
by its correlation with the portfolio of current and po-
tential operating locations as well as volatilities. The
lower the correlation, the greater the contribution to
overall volatility and to increasing the value of the un-
derlying options. In this sense, correlations matter: pure
volatility contributes directly to increase the project
values.

time invariant only when the honzon is infinite. In a finite-time horizon
problem, as the firm approaches the terminal time the band widens
since the firm has a shorter time period to recoup the switching costs
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Differences among firms in the covariance structure
of the cost movements of their international plant lo-
cations will influence competitive interactions among
multinational corporations in a nontrivial way. Much
of the anecdotal discussion of the effects of exchange
rates on Japanese and American competitors is a re-
flection of this influence. A more complete rendering of
the influence of exchange rates on the competition
among international firms requires a specification of
pricing and production decisions as dependent on ex-
change rates and competitors’ responses.’® Other vari-
ations of this model include differences in the technol-
ogy, uncertainty arising from more than one source,
restrictions imposed by host governments on some fac-
tor use, transportation costs, and multiple-product
manufacturing strategies. Each of these modifications
complicates the implementation of the above model,
but the fundamental results are conceptually similar to
the simple version above.

4. A Numerical Example

Insight into the significance of the option value to switch
can be gained by a numerical analysis. Through the
numerical solutions, the magnitude of the value in
across-border coordination is analyzed by varying the
parameter values of the exchange rate variance and ad-
justment coefficient. The major issues in specifying the
simulations is to characterize the technologies (cost
functions), the nature of uncertainty, and the associated
parameter values.

For the purpose of identifying the contribution of
changes in exchange rate variance to the option value,
we specify a linear cost function of the form y(0) = —«a
+ B0, where « and @ are constant coefficients (i.e.,
Leontief functional form). More complex functional
specifications, such as scale economies and carrying-
costs of excess capacity, would give essentially the same
results, though dampened in magnitude. (Some of the
dampening effect is captured in our switching costs
parametrization.) Since total demand is treated as con-
stant, revenues are not affected by switching. Thus, the
cost side is driving the location choice.

When we use a characterization of uncertainty such

the expectations must be computed numerically. We do
so by discreting the statespace.'® Suppose at any time
t, 0; can only take one of M discrete values, 67, 67, . . .,
6™ (say between 0.5 and 1.5). If we observe 6, to be §*
(e.g., 0: = 0.95), then the probability 6., = 6’ (e.g., 8;+:
= 1.05) is the transition probability from state i to j
which we denote by p,."”

In this discrete state-space we can rewrite Equation
(7) as

F(6;=6,1)=min| —«; , + ¢™(8’)
me L

M
+p Z F (041 = 07, m)P,,x . (8)

1=1

The parameter values consist of five factors: time ho-
rizon, duration of the intervals during which switching
is not possible, switching costs, variance of the real ex-
change rate (o), and the adjustment coefficient (A). The
first three factors are fixed at 20 years, quarterly inter-
vals, and 2.5% of mean (i.e.,, when 8 = 1) quarterly
costs per switch for all the simulations.'® Switching costs
capture expenses associated with adjusting labor
schedules, inventory, and start-up.

Because our central focus is on the effect of the real
exchange rate variance and, though less so, the PPP
adjustment coefficient, we vary ¢ and X over simula-
tions. In the initial runs, we set A = 0.05, and let ¢ vary
from 5% to 10% (base case) and 20%. These exchange
rate variances are not substantially different from the
estimated variances given by Figure 1. In the second set
of simulations, we let the adjustment coefficient vary
from 5% to 20%, with o set to 10%."’

16 See Appendix for details.
17 For stationary processes p, is time independent.

'8 Quarterly intervals were suggested by discussions with plant man-
agers and are longer, in fact, than those attributed to Japanese pro-
duction planning. See Abegglen and Stalk (1985). We can very easily
reduce the intervals and permit continuous switching. This situation
can also be thought of as a way of endogenizing the switching intervals.

¥ In the numerical simulations we restricted the possible range of ¢
values between 0.25 and 1.75. In order to avoid distortion from end-

a;j}g 2%32 EﬁVﬁilnE ﬁrgisﬂe ﬁ:vﬁi hv Eanation_{2) point approximations we onlﬁ reiort the value of ﬂexibiliti for the 8 |
L]
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4.1. Discussion of Principal Results

The simulations provide an opportunity to investigate
the incremental profitability of production shifting to
changes in the parameters, especially that of the real
exchange rate variance. Figure 2 provides a graphical
illustration of the values of flexibility for three values
of volatility: ¢ = 5%, 10% and 20%. (X is held at 5%.)
Asis apParent, the incremental profitability is far from

Figure 3 Value of Flexibility
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The explanation of these peaks is transparent on re-
flection. Since the likelihood of a change in the real
exchange rate crossing the boundary (of one) is greatest
when the current rate is close to one, the value of the
option must also reach a minimum at this boundary.
To borrow from the terminology of financial option
markets, the option to switch is deepest in the money
when 8 = 1. Conversely, as the derivation from PPP
increases (i.e., the real exchange rate moves away from
1), the likelihood of a boundary crossing is reduced.

A more precise illustration of the sensitivity of the
value of the option to switch production is given in
Table 2. The center column gives the numerical values
of the percentage increase in profitability shown by Fig-
ure 3. At the mean exchange rate (§ = 1), the value of
flexibility increases from about 5.5% when ¢ = 5% to
17.5% when ¢ = 20%. Having the flexibility to move
production to locations with lower input prices has the
effect of insuring against detrimental movements of the
real exchange rate. Increased exchange rate volatility
will increase the upside benefits while the insurance
feature of value derived from location flexibility is
greater in periods of volatile exchange rates. The value
of multinationality increases with greater volatility.

These numerical results give a simple static decision

Table 2 Sensitivity of Value of Flexibility to Parameter Changes

Real Exchange Rate

[-— sigma = 5% —— sigma = 10% — sigma = 20% \

rule. The project, building the second plant, should be
undertaken if the increased value due to flexibility is
greater than the required initial investment.

4.2. Extension: Hysteresis and Within-country
Options

So far, we have analyzed the value of multinationality
as arising from the across-country coordination of pro-
duction. This development has been couched in the
context of a vertical direct investment decision, that is,
whether to build one or two plants. Clearly, there are
also implications for the economics of the ‘horizontal’
direct investment whereby a plant is built in a country
to support local sales in that market. The horizontal
investment decision can be seen as part of a well-
documented sequence by which a firm expands from
exporting to investing in local production.’® The se-
quence by which a firm expands from exports to local
investment is, conceptually, a product of the exercise
of a within-country option established by the invest-
ments made in country-specific goodwill and experience
to support exports.

In this wider context, the band of inaction is generated
by two components of hysteresis. We call the compo-
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in goodwill (e.g., brand labels and sales force recruit-
ment) to serve a market through exports; these effects
have been discussed in Dixit (1989a), Baldwin and
Krugman (1989), and Dumas (1988). We call this com-
ponent ‘export hysteresis.’

While the investment in goodwill leads to a condition
of hysteresis, it leads to increase the likelihood that the
initial export activity will eventually be followed by in-
vestments in manufacturing. These observations imply
that any subsequent investment can benefit from the
initial establishment of goodwill. The accumulation of
goodwill generates what Myers (1977) first called a
growth option, that is, it serves as a platform by which
a firm expands in the future.

Growth options are not acquired per se by the estab-
lishment of multinational investments; they represent
opportunities gained by investing in a current activity,
no matter if this investment is made by a domestic or
international firm. However, they are important in un-
derscoring the likelihood that foreign investors will
persist in a market once they have initially entered. As
general experience and goodwill are gained, the cost of
launching new products in the foreign market is re-
duced. The combination of hysteresis, along with the
acquisition of growth options, underscore the argument
that the initial entry into a country increases the like-
lihood of subsequent investments.

Some insight into this pattern can be gained from
Table 3, which provides the threshold exchange rates
for entry for the first time and subsequent entries. As-
suming that later products can enjoy the initial invest-
ment in goodwill, then subsequent products can be in-
troduced at a significantly lower critical exchange rate
than the case when exporting began. ( These values are
estimated by assuming the same production function
for the initial and subsequent products.) In this sense,
the initial investment establishes a growth option for
future product entries.

5. Heuristic Rules and Operating

Procedures
An important objection to the above model is the of
question whether labor can be treated as variable.
However, the benefits of production shifting rely less
on the feasibility of layoffs than on rules for labor flex-
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Table 3 Threshold Values of Real Exchange Rate
Threshold ¢

Naive Investment 10

First Entry (when entry can be delayed) 1.5

Subsequent Switch to German Plant 0.975

Exit from German Market 0.575

ibility. It is important to recall that direct labor costs are
an increasingly insignificant proportion of total pro-
duction costs (Johnson and Kaplan 1987). The main
cost drivers are materials and energy, the prices of which
are determined by domestic market forces and govern-
ment regulations. A more general characterization is to
treat W as a vector of those inputs that are priced locally
in the country where the plant is located.

Along these lines, an alternative, and more appro-
priate, way to understand the above model is to treat
the investment in two countries as the creation of excess
capacity in the overall system. Plants are never closed.
Rather, what is shifted is overtime production. Even if
the value of production shifting is realized by savings
from material and energy usage, labor policy still re-
mains important in terms of creating flexible overtime,

These considerations raise the general question
whether this operating flexibility is discretionary. One
way to address this question is to consider whether the
effect of costs of operating flexibility, e.g., establishing
contracts for flexible overtime, on the hysteresis band
eliminates the plausibility of switching.?' But another
way to understand this issue is by focusing on the often
overlooked question of whether managers have the in-
formation and institutional flexibility to identify and
exercise these options. It is this avenue we explore by
analyzing internal accounting practices, and pricing,.

5.1. Internal Accounting Practices

What should be the control system appropriate to the
coordination of cross-border activities in response to
fluctuating exchange rates? Because floating exchange
rates only were introduced in the mid-1970s, it is pos-
sible by reviewing a few empirical and prescriptive
studies to trace how evaluation systems have developed
to provide information, and incentives, for across-border

21 See Kulatilaka and Kogut (1990) for an analysis.
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coordination. What is striking is how the heuristic rules
of international accountability have changed to meet
the environmental pressures of multinational compe-
tition and coordination.

The canonical problem in international performance
evaluation of foreign subsidiaries is how to treat the
effects of exchange rate movements on accounting vari-
ances. This problem can be most simply stated as the
choice of exchange rate values by which to budget and
to monitor performance. Between the time of budgeting
and monitoring, exchange rates move. The control
problem is what exchange rate should be applied and
who should be held accountable for exchange rate ef-
fects. Clearly, if the control system removes the effect
of exchange rates on operating decisions and results,
there is no mechanism by which to trigger the shifting

rates for budgeting and tracking differ, the local sub-
sidiary bears the full risk of exchange rate movements.
In this latter case, there is an incentive for the local
subsidiary to hedge. Even if not permitted to do so by
engaging in financial positions, it may do so by building
up inventory or by insisting on local manufacture to
support local sales.

The combination that Lessard and Lorange prescribed
was the use of forward rates for budgeting and tracking.
In this case, the subsidiary and the central controller’s
office have the incentive to establish accurate forward

rates for purposes of budgeting, with the spot rate at
the time of tracking or the forward used for evaluation.
Empirical studies showed that one of these two com-
binations tended to prevail during the 1970s. (See, for
example, Business International 1976).

It is interesting to note the unstated assumptions of
> I p— R R SN L1~ e e—. « 4 *
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part of the competitive strategy of the firm (Cohen et
al. 1989).

The internal sourcing of production as part of a co-
ordinated international strategy conflicts with the as-
sumptions of the original Lessard /Lorange proposals.
The evaluation problem is no longer the dyadic control
by headquarters of each subsidiary. Rather, the transfers
across subsidiaries require that the evaluation of per-
formance be conceived in the context of a network with
the flexibility to shift production in response to exchange
rates. The decision to transfer production from one
country will depress the operating results of that sub-
sidiary, but to the gain of operations elsewhere. Ster-
ilizing operating results from exchange rates removes
the incentive to coordinate production multinationally.

Control within a network requires minimally two re-
lated changes, as recognized in the subsequent writings

5.2, Market and Transfer Pricing

Despite the substantial impact of exchange rates on op-
erating performance, the diffusion of new evaluation
techniques has been slow. Moreover, the internal per-
formance evaluation methods clearly influence other
decisions, such as pricing. If effects of exchange rates
on comparing operating costs across subsidiaries are ig-
nored, then the tendency will be to use accounting pro-
cedures and estimates based on the home market.

The relationship between control systems and pricing
has been documented in a number of studies. In his
field research, Sharp (1987) found that a number of
American multinational operations continued to price
by adding a mark-up to the American unit costs. While
these practices made sense when the competition was
American and all competitors were following similar
pricing policies, the persistence of these pricing heuris-

e

.

4

minimized, the selection of the appropriate exchange
rate is much more complicated. One possibility is to
budget and track at the PPP rate (Stewart 1983). But
while this rate will give a more accurate appraisal over
longer periods of time, it fails to provide the incentives
for operating flexibility.

The recommendation, made by Lessard and Sharp
(1984) and Jacque and Lorange (1984), is to establish
the PPP rate as the benchmark, but to work out the
implications of deviations from these rates on operating
results. Thus, the second change proposed by Lessard
and Sharp is to develop, at least implicitly, a set of con-
tingent budgets to be used for tracking depending on
the actually-realized exchange rate. These contingent
budgets incorporate, for example, the expectation that
production will be shifted contingent on the real ex-
change rate that prevailed during the period under

These practices show up in a few popular MBA
teaching cases. Caterpillar Tractor is described as using
cost-plus pricing rules, with the cost estimates derived
from U.S. plant experiences. “‘Because the company
used a uniform dollar pricing policy, dealers all over
the world were billed in dollars, irrespective of the origin
of the machines. The prices were often based on U.S.
manufacturing cost, and when the dollar was strong,
the company had to engage in price-cutting” (Cater-
pillar Tractor Co., Harvard Business School 1985). In
the mid-1980s, it switched to competitive pricing, as
Komatsu began to make severe in-roads in the United
States and elsewhere.

Matsushita, interestingly, seems to be following a
similar pricing rule. ‘In general’, it is noted in the case,
“the (Japanese) plant was expected to absorb the effect
of any changes in its costs during the year, while the

| L
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= {1, ..., 5} ¥ Given a value of 8;, the probability of 8/, in the
next period depends on the difference j — 1. Hence, as the absolute
value of j — i increases, the probability falls in accordance with the
normal distribution.

Consistent with the discrete version of the normal distribution with
parameters N(A(8 — 6,)At, 6262 At), a transition from state i to J
occurs with probability

\ /3D AIN Az /., S /1 LA AaT

where dZ, is a standard Wiener process. This assumption is strong,
but necessary for the derivation of the analytical solution.

The general problem we consider is the following: a firm has an
investment opportunuty which can be undertaken at a cost F If un-
dertaken, it has a continuous payoff rate of ¥(6,, t). In the interim,
there is a cash flow x(6,) which is no longer received once payoff /(8)
1s obtained. Again for the sake of an analytical solution we assume
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If we let 8* denote the value at which it is optimal to act, then the
following free boundary condition must be satisfied:

V(6") = PV[¥(6*)] - F, (18)

where PV[y(#8] is the present value of an infinitely-lived stream of
cash flow arriving at rate y. Furthermore, in order to ensure continuity
and differentiability of V the derivatives of V and y with respect to §
must also be equal.

This is the Merton-Samuelson high-contact condition:*

VI(8*) = PV [¥(6")]. (19)

B.1. An Example: Production Location Choice Problem

Here we will show how the above general model can be used to
evaluate a flexible project consisting of plants in the U.S. and Germany.
The relevant stochastic variable 8, is the real exchange rate which we
assume follows the process in Equation (12).

Let ¥(#,) be the dollar value of the profit flow when producing in
Germany and value of U.S and =(#,) be the dollar profit flow when
producing in the US The cost of switching from U.S. to German
production is k; and from German to U.S production is k,. Since the
only relevant stochastic variable is § the value of both production
locations will be governed by the partial differential equation (PDE)
in Equation (13).

Suppose V (6,, t) and W (6, t) are the values of the U.S. and German
production, respectively. Let 8 and § be the critical real exchange rates
at which the firm switches from U.S to German plant and vice versa.
At these free boundaries the firm will be indifferent between the con-
tinuing at the current operating mode and incurring the switching
cost to change the production location, i e,

V(B) = =k, + W(8),
VI(8) = wW'(@),
W(8) = —k, + V(8),
W) = v'(8).
Examining the limiting cases of § - 0 and § — <o, we note that

Vs> 0 and W, < 0. Furthermore, since both V and W follows the PDE
in (13), the solutions must be of the form

Vo, t) = 26

St

option to switch to U.S.

+ & + L gf.,
r r— 8,
e
value of fixed U.S. production

1t is also known as the smooth-pasting condition.
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W(b,, t) = RZLAN

[—

option to switch to Germany

+ ﬂ+&0‘w,
roor—2o,
———

value of fixed German production

where v,, 71, 6, and § satisfy

~ a, . - - a _
B+ =+ S P yibo+ %+ L pa,
roor—204, roor—2o,
. Cr = _ - Co 7o
72520‘2‘1 +’3_0c, 1 — L 14 5\& (4 B 1’
r— 0, r— &y
Q, Ay -
o+ S B g g Sy B
ror—29, roor—2o,
c Co oo
7161@"1 + Maq—l = ‘Yzfzﬂ‘r‘ +_§1’_._Qr. 1 (20)

r—2=4,°" r— 6,

These equations are linear in ¢, but nonlinear in § and 8.3 The range
[, 8] forms the hysteresis band.

In search of analytical solutions we consider two special cases. First,
consider the case when U.S. profits are normalized to 1 and the Ger-
man plant has linear profits, i.e., (8, t) = 1 and y{#, t) = ;. The
above nonlinear equations are now simply as follows:

- 1 _ [
¥+ ==~k yiB Y+ —,
r r—2o

_ _ 1
Y2607 = yi160 97 + ——,
r— 36

[ 1
Y8+ —— =~k + .87+,
r—2o r

1
94 f = ’)‘zfz.@(z_l
r -

[
Y1619 s

Now we have a simpler set of nonlinear equations to solve for the
7.’s and the threshold exchange rates. However, even these equations
can not, in general, be solved in closed form. In the very special case,
when k; = k, = 0 and 6 = 0, we get the obvious solution § = =1
and v, = v, = 1/r(e — &)

Whenay =0andcy = by, =1,and a, = b, =c, =0, 1e, 8 is the
cash flow from the export operation, then we can solve the equations
in closed form. This is similar to the problems handled by Dixit (1989a)
and McDonald and Siegel (1986).

B.2. When Real Exchange Rate Follows an
Ornstein-Uhlembeck Process

The general continuous-time analog to the discrete-time stochastic

process in Equation (2) is given by the Ornstein-Uhlembeck Process:

% Note that in general, we must solve this set of 2M nonlinear equa-
tions using numerical techniques.
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d6, = (o« ~ B In 6,)8,dt + 06,dZ (21)
where dZ is a standard Wiener process. The PDE in (13) now becomes
(0, t) —rV (6, t) + V(8 t) + (a — B1In 6,)0,Ve(0, t)

+ 10%02Ve(6,, t) = 0. (22)

This is equivalent to having a state-dependent é in Equation (13).
In general, analytic solutions are not available to this PDE and nu-
merical solution techniques must be employed.
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