I. IRTRODUCTICN

Unguestionably, the capital budgeting pro-
cess is of critical importance in helping fimms
ar.:hieve their various cbjectives. Hence, the
more accurately capital budgeting models reflect
the actual conditions faced by firms, the great-
er will be the assistance the models provide in
reaching corporate goals. The past decade has
seen a significant evolution of the methods
utilized in capital budgeting. Payback and re-
twn on investment approaches have been recog-
nized as inferior to the discounted cash flow
models—-net present value and internal rate of
return. In addition, the importance of reflect-
ing "risk" has become accepted because of the
inadequacy of a single parameter (the expected
value or mean) to incorporate all of the rele-
vant underlying aspects of cash flow distribu-
tions. Therefore, measures of variation cor dis-
pexsion are called upon to enrich the formula-
ticns. waever,' such extensions are not free of
theoretical and applied difficulties. To fur-
ther camwplicate matters, oorreiatim among in-
vestment opportunities, multiperiod capital
rationing, reinvestment of cash throwoffs, amd
financing decisions should also be reflected.

An even more challenging task is at hard when
the dimensicnality of the procblem is still fur-
ther increased by considering the multinaticnal
setting. This necessitates the incorporation of
foreign exchange rates, differential fareign tax
treatment, and international econanic, social,

and political factors. Unfortunately, tradi-

tional approaches, as well as mathematical pro-
gramming formalations, have been found wanting in
their ability to precisely and robustly veflect
the maitidimensional setting while rendering a
model which can be accurately solved within
"reasonable" camputer time and memory reguire-
ments. These shortoomings meke it advantageous
to cansider Monte Carlo simulation as a natural
resolution of the dilemma. Similation can effec-
tively be used *o reflect diverse and cawplex
interrelationships among stochastic variables
over a series of years. Key decisicn variables
can be ascertained. The sensitivity of results
t» changes in state and decision variables can
also be determined. Various assumptions relative
to the shape ard parameter values of input vari-
able distribution can be tested ard their impact
pinpointed. Hence, simulation proves to be a
flexible and powerful approach to the multina-
tional capital budgeting process.

This paper extends the Hertz (see Hertz [1€]
and [17]) simulation model to the multinational
capital budgeting prccess. The critical areas
discussed above are incorporated. The approach
is flexible enough to utilize several criteria in
the final investment selection process.

The next section surveys the traditional,
mathematical programing, and sinulation-based
capital budgeting models developad to date. Sec-
tion three investigates the important interna-
tional variables and their estimation. It also
includes an analysis of the parameters, exogenous
and endogenous variables, and identities of the




model. Section four presents the model's autput
and supplementary analysis effective in select-
ing profitable capital imvestments. Lastly,
extensions of the model are discussed.

1I. CAPTTAL BUDGETING MODELS

To appreciate the great value of simuiation
techniques, a survey of the predominant capital
budgeting models is necessary. For intexested
readers, various references are given. This
part Of the paper investigates briefiy three
groups of capital budgeting techniges: (1)
traditional madels; (2) mathematical programming
medels; and (3) simulation models.

Traditional Models

Model builders distinguish three areas cf
consideration concerning knowledge of the future:
(1) "certainty"—where perfect knowledge is
assumed; (2) "ris:"--where only the paramsiers
and shapes of the probability distributicns of
future occurrences can be specified; and (3)
"ancertainty*--where neither zll possible states
of the world nor the prcbability of their occur-
rences can be specified. Due to the wider know-
ledge of the "certainty" technicues and the
overwhelming difficulty of the “uncertainty”
assumptions, the "risk" case will receive our
greatest. attention.

The traditional "certainty" capital bud-
geting models (payback, return on investment,
net present value - NPV, and internal rate of
retnrn - IBR) only requixe a very brief comment.
More and more firms are discarding the former

two techniques in favor of ane of the latter two.

The major reasons for this switch to the NPV and
IKR models are that: (1) they accurately reflect
the time value of momey (a dollar of cash inflow
teday is more beneficial than a dollar a year
from now) which is ignored by the fommer two; and
(2) they considex the importance of the finan-
cing decision relative to the investment under
omsideratim. Thus, any sophisticated approach
to the capital budgeting process should incor-
porate these two important aspects. For a dis-
cussion of these models see Johnson [15],
Biermzn and Smidt [1], or ocoventicnal finance

texts as [31] and [33].

The “risk" case is generally treated thrcugh’

one of the following three approaches: the in-
formal reflection of risk, the risk-adjusted dis-
count rate, and the certainty equivalent. These
three methods reflect th: fact that future events
are unknown but probability distributions can be
used to specify the likelihood of varicus oocur-
rences. The mean and standard deviation of these
distributions are used to provide decision cri-
teria.

The informal method subjectively evaluotes
the tradeoff between the raskiness of projects
and their net present values. If two projects
are similar in terms of their riskinevs (i.e.,
the standard deviations of the discounted return
distributions are aprroximatoly equal) the one
with the higher mean NPV would be selected.
Weston [33, Ch. 8) gives a good illustration of
the application of this technique.

The risk adjusted rate of return iedel




classifies investment proposals according to
their riskiness based on the standard deviation
of the cash inflows over the life of the invest-
ment. Then, the cash inflows are discounted at
a rate dependent uptn the risk class that the
proposal falls into--the riskier the project the
higher the rate. The magnitude of the risk ad-
justment should reflect both the riskiness cof
the project per se and the fimm's attitude to-
ward risk taking.

In the certainty equivalent method, "risky"
future cash flcws are weighted by a coefficient
reflecting the investment's degree of risk (the
greater the risk the lower the coefficient).
These figures are then discounted at a "risk
fres" rate (e.g.. the rate of interest on U.S.
Governmental Bonds). References discussing
these latter two models would include Van Horme
[31], Weston [32], and Robichek and Myers {27].

These three models are a step in the right
direction in that they attempt to reflect the
stochastic nature of future events. Needless to
say, their major shcrtcaming is their simplicity
—-they fail to reflect many very relevant and
vitally important aspects: interrelationships
among investment opportunities and current
operations, various contingencies over the life
of the investment, and the capital rationing
phenomenon. In addition, the multinational
dimensicn necessitates the incorporation of new
relevant variab.. . To overcome these short-—
comings, decidedly more robust mathematical

programming models were necessitated. Such
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models were formulated; their major characteris-—
tics are now discussed.

Mathematical Programming Models

Four classes of mathematical programming
models have been applied to the capital budget-
ing process under risk: quadratic programning,
dynamic proyramming, stochastic linear program-
ming, and chance constrained programming. Only a
brief and general description of these approaches,
and some -of the major contributicns mede, will be
undertaken.

Quadratic programming is a technique used
to optimize a non—-linear cbjective function sub-
ject to linear constraints. One of the pioneexr-
ing works in this area was by Farrer {10]. He
reflected uncertainty in the dojective function
by using both the mean and variance of the net
present value distribuotions of the investment
proposals under consideration. This technique
also enables the incorporation of project inter-
dependences through the use of the variance-
covariance matrix. Cohen and Elton [6] used
this approach in the QP model they farmulated.
They generated an “"efficient set" of achievahle
risk-return tradeoffs given the feasikle com-
binations of investment alternatives. Unfortu-
nately, as the number of projects grows, Aiffi-
culties in the solution of the problem escalate
-quickly.

Fram a conceptual point cf view, a very
powerful way of handling uncertainty in mathe-
matical programming models is dynamic pregrai-
ming. This technique optimizes a recursive




functional describing a sequential, miiti-stage
decisicn-making process where same of the vari-
ables are stochastic. Unfortunately, as the
neber of variables and/or the nwber of con-
straints on the prcblem increase {(as is certain-
ly the case with even a small real world pxo-
blem) the “curse of dimensionality" prohibits
efficient solution of the model within realistic
computer time and memory requirements. Some ad-
vances have been made by Weingartner and Ness
[26], Glover [13}, and Nemhauser {25} to improve
the strengths of computer solution algorithms.

Stochastic linear programming is an
approach used to solve problems where the para-
meters of the model are uncertain but their dis-
tributions can be specified. The method in-
volves genexating an empirical distribution for
the optimum value of the objective function.
This is done by allowing the parameters of the
system to vary according to their probability
distributions and resclving the prcblem. Cohen
and Elton {6] and Byrne, Charnes, Cooper and
Kortanek [2] have applied this technique to the
capital budgeting area.

Chance constrained programeing optimizes
an cbjective funmction with stochastic variavles,
and constraints which are only reguired to hcld
with some probability less than wnity. In this
area, four major uninational capital budgeting
contributions have been made: Nasland [22],

Byrne [3}, [4], ard Hillier [18). In addition,

Merville [21] has formulated a chance-constrain-

ed programming model for the multinational

firm's capital budgeting précess. However, the
lack of efficient solution algoritime for rea-
listic size problems limits the utilicy of this
approach at the present time.

After this brief review, it is possible to
show how sirmilation techniques can be of supexr-
icr practicality and appiicability. Indesd, all
of the mathematical models suffer from one or
more of the following serious limitations:

i. The model itself is not sufficiently
rcbust to reflect all of the relevant
variables and intsrrelaticnships in
practical sizad problems. This is
especially true of stochastic linear
programming and chance constrained
programuing, and to a lesser degree
of quadratic programming.

2. The model has conceptual weaknesses
which jeopardize the validity of the
results obtained. Here again,
stocnastic linear programming and.
chance constrained programming are
the most faulty.

3. The camplexities of the model make
the accurate solution of realistic
prablems difficult at best and in~
feaéible at warst. Dynamic progranc
ming under uncertainty and chance
constrained programning are weakest
in this regard.

Ine to these significant shortcomings, simu-

lation approaches offer desirable advantages over
mathematical models.




Simulation Mcdels

The pioneering work applying Monte Carlo
simulation to capital budgeting was undertaken
by Hertz [16] in 1964. His approach considered
nine variables: market size, selling prices,
market growth rate, share of market, original
investment required, residual value, operating
costs, fixed costs, and useful life of facili-
ties. The decision maker is asked to provide
eétjmtes of the expected values and measuves of
dispersion for the distributions of each of the
nine' input variables. ‘'the output consists of an
empirical distribution of return on investment
(ROI). However, this initial work was embedded
with three major limitations:

1. Cash flows were not discounted, and
hence the timing of flows was not
taken into account;

2. No consideration was given to the
financing decision for the new in-
vestment proposal;

3. Project interrelationships and
envirormental factors were not taken
inte account.

In his 1968 article dertz {17) overcomes
the first shortcoming by providing three empiri-
cal distributions based on the simulation: the
payback criterion, the ROI, and the discounted
ROI.

In 1968, Salazar and Sen [28] dewveloped a
simulation utilizing Weingartner's basic hori-
zon model and built his constraints for

interrelated projects into their formulation.

.

517

Their simulation reflects two types of uncertain-

ties: (1) envirommental uncertainty based on
what future econcmic, social, and campetitive
conditions may be, and {2} cash flow uncertain-
ties where the mean and standard deviation of
the cash flows are considered. The results are
analyzed by ranking various portfolios &f pro-
jects as a function of differing envirarmental
conditions ard/or management preferences toward
risk and return.

In spite of its increasing importance, the
subject of international capital budgeting does
not seem to attract financial model builders.
This fact is very unfortunate because the rise
of the multinational corporaticn necessitates
sophisticated tools of analysis. Simulation is
certainly a very adequate technique far handiing
the campiex multinational set-up. It demon-
strates the interdependence of variables in the
decision process and mekes it possible to visua.-
ize the dynamics in business decisions. Further-
more, risk (particularly international risk) can
be introduced very efficiently into the capital
investment activity which can thus be rendered
very realistic. As of now, evidently only one
simalation formulation has been applied to this
field [S5]. However, this model does not reflect
the crucial rmultinational variables involved,
and consequently is still constructad in an uni-
naticnal set up.

The proposed simulation utilizes the
strengths of the models developed to date. In

addition it reflects the critical intarnational




variables and the impact of social, econamic,
and political factors in the miltinational arena
of the capital budgeting process.

IIT. NATURE OF INTESGATICNAL

CAPTTAL BUDGETING

The scmevhat complicated evalvation of in-
vestment opporhunities in an uninaticnal setting
is rendered extremely complex in less familiar
envircmments., Indeed, new financial systems and
attitudes, new variables such as excharge rates,
tax and intsrest differentials between comtries,
jeint ventures, etc., necessitate a solid frame—
work of analysis. As mentioned sbove, the usual
mathenatical programming techniques of capital
budgeting lack the flexibility and ganeraliity
necessary to handle the cumplex intermational
problems, Conversely, simvlation procedures
constitute a powerful apprcach to incarparate
stochastic variables and ihterrelationahips.
Simulation is now just coming of age, thus gain~
ing wider acceptance in the business commmnity.
Hence the model formulated here should prove
beneficial to the management of multirational
firms.

The proposed simulation has been made as
general as poesible while rot sacrificing ease
of understanding and use. In order to provide
adequate information and a flexible analysis, a

‘ two stage capital budgeting simulation is re~
camended. First, the investiment is evaluated
as a uninatiomal cpportumity by the subsidiary
proposing it. Then, it must be analyzed fram

the parent's point of view. This joint
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evaluation is of paran'mmt‘iu@m‘tam. Indeed,

a plant built in a foreign country can be a very
profitable investment in itself, but currency
devaluations, tax differentials and/or quantita-
tive controls can make it worthless to the parent
ca@a;xy. The proposed model handles both the
case where the pavent is considering a joint
venture as well as a 1008 participation. Fur-
thermore, the model allows for simultanecus in~
vestigation of several investments.

Because of the unguestioned significamce of
the internaticnal variables in the modal's de~
velognent, a discussion of these inputs and theiv
estimation is now undertakem.

International Variables and Their Estimation

Model generality is obtained by considering
all the necessary inputs without breaking them
down into their specific cowonents. By so do-
ing, the sophistication of the formulation is
enhanced without unbearable complexity in its
use.

The following relevant intermational vari-
ables are incorporated:

1. Foreign exchange rate risks

2. Inflation risks

3. Erpropriation xrisks

4. Risks of war

5. Foreign taxation and differential tax

treatments between countries

6. Duties, enbargos, and quantitative

controls

The first four risks are represented by
stochastic inputs. The last two international




variables can be considered deterministic and

known a pricri by management. Sensitivity
analyses allow considerable testing o7 the ade~
quacy and relative importance of each input. A
range of values and a prabability distribution
must be specified for each parameter. The fol-
lowing discussion cansiders the type of informa-
tion wnich will enhance the quality of each es-
timate. OFf course, the more accurate the data
inputs, the more precise and reliable will be
the results.

1. Foreign exchange rate risks:

Changes in foreign exchange rates, and
particularly devaluations, can affect considex~
ably a project's worthiness. Withcut question,
the dollar equivalent of profits is decreased
when a devaluation occurs in the host country
of a subsidiary. Therefore, a careful predic-
tion of foreign exchange rates must be made.
Varicus events contributing to changes in for-
eign exchange rates must be examined:

a. Direct causes:

| -import surplus crises;
~government spending abroad;
~withdrawal of foreign balances;
~over exporting of long term capital

b. Indirect causes:

-inflation, particularly relative
inflatiang

-political conditions;

~structural changes within the
country;

~national demoralization;

-policies of foreign countries on

investments -

2n analysis of these variables should lead
to adequate forecasts of foreign exchange rates.
For more details the reader is referred to [9]
and [34].

2. Inflation risks:

Inflation has a great influence on asset
valuation, profits, and credit availability.
Consequently, this risk must also be studied by
management.

Inflation is often associated with immoder-
ate creation of money. A close lock at the
changes in the money stock is therefore of cru-
cial importance. Other factors to be examined
are government spending and changed restxictions
of imported goods (through the balance of pay-
ments). A good analyeis of inflation in the
multinational environment can be found in [14].
3. Expropriatior risks:

Obviously, expropriations of the foreign
investment are of overriding importance. There—
fore, a careful evaluaticn of the characteristics
of nations and their propensity to expropriate
must be established. Also, the features of the
firms more subject to expropriation must be
examined.

a. Country characteristics:

-GNP per capita: measures the level
of development and can he expanded
to a ranking of nations according
to their propensity to expropriate
[15].




-Ideology of the industxial elite:
(8] giver a rawing of the elite
depending on its willingnsss to
expropriate.

~Public sector-private sector mix:
the lower the weight put to the
value of private ownership, the
higher the propensity to expro-
priate [29), {30].

~Political stability: a wmajor
variable in the assessment of
expropriation [11] establishes a
rai:ing scale far stability which
can be used to determine the
risk of expropriation.

-Balance of payments: the worse
the balance of payments the more
likely it is that the country per-
ceives the repatriation of profits
as a threat, which may lead t©
expropriation.

-Other variables such as the level

3. pblic utilities.
4. agriculture.
5. mamafacturing.

~Importance of the fimm in the

countxy's econcmic system: this

" factor renders the investment
more or less vulnerable.

~Foreign exchange activity of the
firm: depending on the contribu-
tions to the balance of payments
the investment is more or less
subject to expropriation.

-Naticnality of the firm: for cul-
tural reasons same nationalities
are more accepted than others.

-Omership characteristics: joint
ventures are less vulnerable than
a branch or a’ 100% owned subsi-
diary [12].

~Tactical vulnerability of the fixm:
product, skills, management style;
etc. also influence expropriation.

>

of the damestic entreprenéeurial 4. Risk of war:
sectcr [30], colonial heritage, thereas expropriation does not necessarily

etc. . mean complete less of the value of the assets
b. Fim characteristics: (because of indemity from goveemments), the out-
~Nature of econumic activity: break of a war can impose a complete loss.
frau the highest propsnsity to

expropriate tv the luwest, in-

Thevefore, as elusive as this variable is, an
' estimate of war possibilities should be made by
vestments are clasgified as fol- management. A very useful rating scheme for
lows: such an evaluaticn is made in [8].
1. service.

2. extracting.
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5. & 6. Tax ‘cxéatments, quantitative con-
trols, duties, and embargos:

Tax treatmeni:s, guantitative ocontrols,
duties, and embargos can be considered as known
with certainty even if some changes can occur
over the life of the investment. However, the

simulation allows probabilistic evaluation of

better the multiple interrgl_atimships ipherent

to multinational investments. This procedure, in

conjunction with the decision maker's judgement,

leads to very realistic estimates of the crucial

uncertainty profiles.

Project Related Variables and Their Estimation

In addition to the critical international

these inputs. variables, the following inputs are also required
‘e taxation of funds shifted from a for- in order to ascertain the project’s cash flows:
eign country to the U.S. is a very complex sub- 1. Initial Cutlay;

ject, and should be studied carefully for each 2. Financing Costs (for the parent and
specific investment. However, it can be stated the subsidiary including principal
that a double tavation problem will often occux: and interest);
funds are taxed by the country or region and 3. Working Capital needs for the project;
possibly taxed again by the IRS. Fortunately, 4. Markét size for product generated by
the US has taxation agreements with numerous | the investment proposal;
countries so as to eliminate unfair taxation 5. Market growth rate over the life of
(for example, profits, even if not repatriated the project;
will be taxed at about the same rate as if cb- 6. Selling prices and demand relation-
tained in the U.S.). Therefore, the taxation ships;
of dividends, profits, and royalties and fees 7. Market share achieved by firmy
is cne of the model's inputs both for the sub- 8. Variable costs per unit;
sidiary and the parent. . 9. Fixed costs per year;

All the other inputs necessary for the 10. Transportation costs;
determination of cash flows are straightforward 11. Useful life and saivage value of the
enough and do not create special problems of project as well as depreciation
&stmatlon fven if the predictions of the method selected;
internaticnal variables discussed above seaﬁ 12,

scmewhat camplex, they only require careful
evaluation ard analysis of available informa-

ticn. Furthermore, such requiremants should

Host country tax on profits generated

by the project.

Variables ane, two, and twelve have very

little uncertainty associated with them; thus,

 motivate managers to investigate the interna~

the dispersion in their distributions is small.

tional environment and help them understand All of the others are more uncertain arnd take on »
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distributions of varying shapes and dispersion.
Because of widespread knowledge of the meaning
and impact of the above variables plus their
adequate treatment elsewhere in the literature
(see Hertz [16], [17)), further discussion is
not felt necessary.
Subsidiary Simulation of thie Investment
Proposal

s mentioned previously, the nature of

multinational capital budgeting decisions neces—
sitates careful evaluation of projects both from
the subsidiary's and the parent's point of view.
Thus, we will discuss in depth how the simula-
tion proceeds in each of these analyses.

The subsidiary's evaluation of a given
investment proposal utilizes mainly the direct
project costs and revenues discussed above.

The analysis uses a uninationel framework and
considers the parent mainly as a source of
funds to finance accepted projects.

The technical details f this stage of the
simlation are presented in three illustrations.
Table 1 lists the relevant cash inflows and out-
flows for the subsidiary.

TABLE 1

SUBSIDIARY CASH FLOWS

Inflows outflows
Revenue from Sales Initial Outlay

Financingy Costs
Host Country Taxes

Operating Costs
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Table 2 defines the variables (both exoge-
nous and endogerous) and formulates the identi-
ties of the simulation model. Figuxre 1 shows a
fiow chart of this part of the simulation. Of
ocourse, the main results nroduced by the simula-
tion are the empirical values of net income after
host country taxes, and the yearly net cash in-
flows over the life of the imvestment. Based on
these values, the dssirability of the prcject
can be determined using the discounted rate of
return, net present value, and the payback cri~
teria. The subsidiary will then either recom-
mend that the project be accepted or rejected
based cn the empirical distributions of the viri-’
ous crite~ia mentioned. This decision is made
by co sidering the subsidiary‘s cost of capital
(which can be different fram the world-wide cost
of capital of the total corporatiom).

Parent Company's Simulation of the Capital

Investment Prooess

The parant company takes a more gldbal view
in its evaluation of potential projects. It
utilizes the empirical data relative to the pro-
ject per se, but also in~arperates the critical
international variables associated with the
transfer of funds. The additional risks an” un-
certainties discussed above are built into the
framevork so that the parent can adequately
assess the situation befcre it cammits funds to
a given project in a specific countxy.

Table 3 shows the cash flows from the

parent's point of view.




TABLE 2

VARIABLES CF THE SUBSIDIARY SIMULATION MODEL

PARAMETERS::
8Py = Selling price per unit in year t : KS = The subsidiary cost of capital

DRy = Depreciation rate for year t selected by user

MAX = Total muber of simulation runse %o bz considered

EXOGENUS VARIABLES:

Stochastic variables with known probability distributions:

MGy = Market growth raie for each year t
Ms; = Initial market size in nuer of umits
SM = Share of the market for each year t

v = Initial Investment requirad by the aroposal

N = Useful life of invesument
FC, = Total operating fixed costs in year t

Variable Operating Costs per unit in year t
= Interest costs associated with the projsct in year t
= Other project related costs in year t

Working Capital Meeds of the project in year t

= Tax rate for host country tax on project returns in year t

VC,

IC,.

OCt

Wt

TR

IR = Rate of inflation in year t
WARy = The probability that a war will break out in the host country during year t

IWAR, = The % of loss suffered by the fimom if a war occurs in year t

EX¢ « The probability that expropriation will take place in lhost country in year t

LEX, = The loss suffered by the firm if expropriation takes place in host country during year t

ENDOGENCRS VARTABLES ¢

USAL, = Unit sales cenerated by the proposal in year t

REVy = Total revenue generated by the proposal in year t

TC '« Total o..is associated with the projact in year ¢
TAX, = Host country tax on taxable income generated by project in year t
NIAT, = Net Inccme after lLost country tax generated by project in year t
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TABLE, 2 - CONTINUED

NCI. = Net Cash inflow generated by project in year t

BV, = Book valuwe of the project in year t

2

Salvage value of the project in year t
TINF, = Texminal Infiow if expropriation or war occurs

PAYR,,

NPV, = Net Present value for the investment cn the mth simuation run

Fayback period for the investment on the mD similation run

]

IR, = Discomted rate of return for the investment on the mt? simulation run

IDENTTTIES:

BV = INV

BV, = IW - (DR) (BV.;}

MSy . = (MSg-1) (144G ;) ta2,3,000,N

UsALy = (MSp) (1) tel,2,0..,N

RV, = (SPy) (USALy) "

™Cy = (VC) (USAL) -

DER, = (DRg) (BVY) "o

TC, = IWC, + FCp + OCy + DEPy o t=l2,.. N

TAX = (TRy) (REV{~ICt] o

NIAT, = REV - TC¢ - TAX; v

NCI, = NIATy + DEP, - WCp T
n

s, = tzl (INV - DEP,) (1 +IRy)

If expropriation (EX,) occurs in year n, determine loss suffered (LEX ), then
TINFp = (1 = LEXp) (SV, + NCIL )
If war (WAR)) occurs in year n, determine loss sufferad (LWPR;,), then

TR¥, = (1 -~ LiAR,) (SV, + NCIp)
i
PAYB, = The period i such that: mv-tél (NCIL, + IC,) = 0

NIt - nw
t=l (1+KS)t N

IRR, = The discount rate r suwh that: tgl (1+r)t -

NPV, g

INV =0
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READ INPUT
DATA, AND
PARAMETERS

Fiqure 1
FLONCHARY GF SUBSIDIARY SIMULATLON

S MS=MS (14vG) |

1.

3'
4.

e e e e i e e A

GENERATE

1. TN
2‘ N
3. ml

1. USAL 5. BV
2. REV 5. &V

3. TC 7. NIAT

4, TAX 8. NCI

STATISTICS
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TABLE 3

PARENT COMPANY CASH FLOWS

— e

Inflows Outflows

Direct savings generat- Bquity funds provided
od by the project

Profit repatriated Loans provided

Dividends Laborx, wmaterial, and

other costs
Royalties and fees Transpartation costs

Interest and loan re~
payments

Taxes paid on divi-
dends, royalties, and
profits repatriated

Table 4 represents the new variables and
identities of importance here. Figqure 2 pre-
sents the flowchart of the parent's analysis.
The same outputs as before—internal :;ate of re-
turn, net present value, and payback——provide
the oriteria in the parent's evaluation of the
woarth of tue project. The decision is made by
using a world-wide cost of capital and any addi-
tional qualitative factors.

Mechanics of the Simulation

As roted above, the simulation is designed
to be flexible and camplete yet not overdemand-
ing on the user relative to necessary data in-
put3. However, it was-also pointed out that the
more precise the input specifications are, the
more exact and helpful will be the results
‘generated by the simulation. Thus, balancing
these tradeoffs, the decision-maker is asked to
specify the various variables as accurately as
he can for as many years in the fubire as possi-

ble. It is realized, of course, that the
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farther into the future a user must estimate dis-
tributicns, the greater the degree of uncertain-
ty. Offéettixlg this shortooming are two counter-
measures: (1) the disoounting proosss which
weights more distant years less heavily, and (2)
the fact that sensitivity analysis can be used to
detemine the impact of changes in the input
variables on the decision criteria. In arder to
make the variable estimation process as painless
as possible, the user is given many alternatives
as to the method of specifying inputs: (1) he
can provide the pessinistic, optimistic, and most
likely estimates; (2) the parameters of well
known distributions (e.g., Binomial, Unifarm,
Normal, Beta, etc.) can be specified; (3) he can
input any discrete distribution that he feels is
appropriate; or (4) hec.anspec:.fy that the dis-
tribution is a cawposite of various distribu-
tions. The user is asked to input parameters and
distributions for as many years in the futwre as
he feels confident of. However, some variables
will incur only minor changes over time, and the
distributions can be unchanged for several years.

It is important to describe more precisely
how the international aspect of the simulation is
hardled. The risks of exprupriatior and war are
cbtained through a Monte Carlo detexmination,
When the similation establishes that expropria-
tion v war occurred, it determines, fram the
input distribution, the associated loss. This
result is used to derive the terminal inflow as
a propartion of salvage value and the yearly
cash inflow.



TABLE 4

VARIABLES OF THE PARENT OOMPANY SIMULATION MODEL

PARAMETERS :

DET, = The debt funds camnitted to the project by the parent in year 0

BQYy = The equity funds committed to the project by the parent in year 0

DIV, = The dividend rate as a percent of earnings generated by the project in year t
REP, = The percent of profits repatriated inl year t

KP = The parent campany's cost of capital

EXOGENOUS VARTABLES:

Stochastic variables with known probability distributions:
FER, = The Foreign Exchange Rate in year t
ROY, = The amount: of royalties and fees tn be paid to the parent in year t

sav,

‘-

= The direct savings generated by the project in year t

IMC, = The labar, material, and other costs paid by the parent for production of the product
by sub in year t

TRAN, = The transportation costs asscciated with imperting the product in year t

t
PITR. = The weighted "internatio " tax rate con dividends, royalties and profits repatriated
PHTRt = Parent hame tax rate

INT, = mg interest payments received by the parent in year t

PRIN, = The principal payments received by the parent in year t.

REQY, = Eouity funds retired in year t

ENDOGENOUS VARTABLES:

PREV, = The before "international" tax total foreign revenue for the parent generated by
project in year t

PIC, = The total cost for the parent generated by project in ywar t
PIAX, = The total tax paid by the parent in year t
PITAX « The amount of “internationsl" tax paid by the parent

PHTAX = The amount of home tax paid by the parent

527




TARIE 4 ~ CONTINUED

PNIAT, = The parent's net income after all taxes

PNCI, = The parent's net cash inflow in year t

PPAYBm = The parent's payback for sj:mlati.m i m

ey = The parent's net present value for simulation run m

PIRR, = The parent's intemal rate of retum for simalation run m ‘
' | |
i

IDENTITIES:

PREVt

= (FERy) [(DIVy + REP,) (NIAT,) + ROYy + INT.]
PIC, = IMCy + TRAN,
PITAX, = (PREV,) (PTTR;)

pmxt

PIRX, = PITAX, + PHIAX;

PNIATt = PREV, + SAVt - PIC, - PTAX,

(SAVy - PTC,) (PHIR,)

PNCI, = PNIAT, + PRIN, + REQYp

t
‘ i
PPAYR, = The period i such that (DET, + BQY,) - tzo PCIL, = O
PPV, = Pt - (oer, + BOYp)
t=0 (1+xP)t
. LI - &l
PIRR, = The discount rate r such that ] - (DET, + EQ¥y) = 0
t=0 (1+r)t
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Figure 2
FLONCHART OF PARENYT QOMPANY SIMULATION

—~ < ®
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‘ !
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Inflation is dealt with in two ways.
First, it can be taken intc consideration in the
estimation of the exogenous variables by the
vser's specifying a different distribution for
each year of the anticipated useful life of the
project. Second, the distribution can be shift-
ed to the right, every year, by the expected
percent infiation vhich can be done for selling
price, variable cost, etc. If a single distxi~
bution is specified for all periods, the infla-
tion factor is built into the simulation and
taken into consideration in the yearly revision
of the distributions for the exogenous variables.

It is also important to outline that the
model handles dependency among the random vari-
ables. Same relationships can be easily taken
care of in the estimation of the different dis-
tributions. For example, a high rate of infla-
tion in a given year must be asscciated with
larger expected changes in foreign exchamnge
rates for that year, and the corresponding dis-
tributions must be so built. However, same
dependencies are contingent on the value of the
random variables generated by the simulation
and can only be harsled by the model. An
exanple will make things clearer. It is rea-
sonable to assume that, generally, a high level
of fixed cozt is associated with a lower vari-
able cost per tnit. Consequently. the model
takes this fact into concideration ard gener-
ates low values of variable cost whenever high
fixed costs are selected fram its distribution.

The same type of treatment is established
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between other interrelated variables.

tne final detaii should be mentiored. Be-
cause of the two stage analysis of the investment
provosals-—first by the subsidiary and then by
the parent--itwo different costs of capital are
used. The ..ubsidiary uses its own cost of capi-
tal in order to determine whether the investment
is desirable fram its viewpoint, and if the pro-
ject should be recamended to the parent for
acquisitiof:'.- In a similar vein, the parent uses
a world wide cost of capital figure which it con-
siders relevant (given the risk posture of the
investment and the econtwmic, social, and politi-
cal factors present in the host country, to
determine whether it should comit funds to the
project. Such an approach gives a double, same-
what independent, more stringent '5creeni.ng of
proposals. They must survive both cut off points
in order to be adopted by the multirational firm.

IV. VALIDATION AND ANALYSIS OF THE

MODEL'S OQUTPUT

The simulation not only permits managers to
evaluate and compare the performance of differ-
ent potential investments, but also presents an
analytical approach to determine retlationships
amcg investment variables and international
factors.

The main output consists in the two pro~-
files of Net Present Value (NPV) and Internal
Rate of Return (IRR) for the parent company and
for the subsidiary. As explained previawsly, the
return to the parent is not the same as to the

subsidiary in the countrv of the investment.



Figqure 3
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Therefore, a double evaluation of each nvest-
ment is highly recammended, even in the case of
a 100% financing by the parent.

Figure 3 gives an example of the main out-
put. Curve I represents the IRR profile for the
subsidiary whereas II is for the parent. As can
be quickly noticed in this specific case, the
IRR for the parent is everywhere lower than the
subsidiary’'s IRR. However, this need not al-
ways be the case (it would depend cn the influ-
ence of foreign exchange cates, tax Jdifferen—
tials, etc.). The pupose of these two pro-
files is o make sure that the worthiness of the

investment can be evaluated by all the groups

IR (in %)

of the organizations (parent's managers and
possible pariners in the country of the invest-
ment) with their possibly differeuti: mgyirations.
'therefore, an investment is worth having only if
these two groups' criteria of acceptability are
met.

How are these profiles used? As demon-
strated by curve I of Figure 3, there is a 98%
chance that an IRR > 6% can be obtained, a 90%
chance of more than 10%, a 50% chance of more

than 158, and a 10% chance of an IRR > 22%. We

- know that the investment will be worthwhile

(from the point of view of the subsidiary) if

the IRR is at least equal to its cost of capital.




if we assume a subsidiary's cost of capitél of
10%, the chance of having an TRR > 10% are 90
out of 100. ‘fhe decision makers will have to
cecide whether they are ready to take the risk
implied: 90 charces out of 100 of having a pro-
fitable investment, but 10 out of 100 of losing
roney. The same analysis needs to be dcne with
curve II from the point of view of the parent
(we wish to remind the reader that the cost of
capital for the parent and the subsidiary can
he different). |

The analysis of the output data is rendevred
more sophisticated than merely evaluating the
graphical output by the following elaborations.
A statistical analysis subroutine using a
multiple ranking criteria discussed by Kleijnen,
Naylor, and Seaks [20] analyzes and determines
the order of the project desirability and
whether statistically significant differences
exist among the ranked projects. This analysis
is perfurmed by each subsidiary and by the
parent ‘or all projects considered by the multi-
pational firm. Such results are invaluable
where the firms are faced with capital ration-
ing and multiple, corpeting opportunities and
risks.

In addition, because of the importance of
extremes, rhe sirmulation could be rerun at least
two other times to evaluate the impact of all
the inputs having very optimistic distributions
and very pessimistic ones. Thus, each invest-
ment would have three profiles tor each of the

criteria. This more camplete information can
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provide valuable insights relative to the invest-
rent's overall attractiveness.

Payback criteria are alsc given as an out-
put of the model through the same type of pro-
files. This ratio tells the decision maker the
muber of years required to recover the initial |
cash investment. This method of investment
evaluation should only be used as a secondary

criterion, i.e., to differentiate between muitual-

ly exclusive projects which have about the same

IRR cr NPV profiles. However, even if the pay-
back criteridx is not a measure of profitability
(it does nut take inte account the cash flows
after the payback period) it can be important
for international investments. Indeed, the
shorter the payback pericd the smaller the risk
of loss due to espropriatiom, Qar, or unfaver-
able foreign exchange rate xluctuatlons There-
fore, ’managers car consider this measure as an
important aspect of the miltinational investment
process.

Anotier significant benefit fram the simula-
ticn approach is the sensitivity analysis that
can be performed. Indesd, decision makers can
change the distribution of each variable one at
a time, and have a good understanding of the
inmportance each variable has on the value of the
investment. It allows an increased camprehension
of the relationships among variables and their
impact on the decision process. This information
is extre ly valuable aspecially for the evalua-
tion of t"= internaticnal variables, particularly

for foreign exchange rates which are difficult



enouwgh to fewecast. If, for example, the final
results ave found very little affected by
changes in currency values, it is clear that the
uncertainty of the investment is greatly re—
duced. O the contrary, high sensitivity to
foreign exchange rates would warn the decision
maker to give special forecasting attention to
inis variable.

V. CONCLUSION AND EXTENSIONS

The major emphases of the similation pro-
posed in this paper were: (1) the extension of
capital budgeting analysis to include both pro-
ject related and internaticnal variables rele~
vant to the multinational firm; and (2) the
flexibility of a two-stage screening process
where first subsidiaries evaluate investment
proposals, and then the parent campany supple-
ments the analysis by considering the project's
desirability from its point of view.

The dual goals of the simulation design
were to provide a rcbust and flexible model and

to require only those infarmation inputs that

could be relatively accurately estimated. It

is because of this second goal that the model
does not extensively treat the interrelation-
ships among current proposals and ongoing opera-
tions, as well as among the proposals them—
selves. However, an extensicn of the current
formulation could be made by formally reflect-
ing these portfolio effects. As information
systems become more sophisticated, these im-

provements will certainly became more feasible.

533

3.

5.

12.

REFERENCES -

Bierman, H. and S. Smidt, The Capital Budget-
Lng_mjm_ Decision 3rd Edition (N.Y.:
¥a Co., 1971).

Byrne, R., A. Charnes, W. Cocper,
K. Kortenek, "A Chance anstrained Pro-
gramming Approach to Capital Budgeting,”
Journal of Financial & Quantitative
Analysis (Dec., 1967), pp. 339-64,

, "A Discrete Probability Gméiace Con-
Strained Capital Budgeting Model I,"
Opsearch, (Dec., 1969), pp. 171-98.

_ . "A Discrete Prcbability Chance Con-
Strained Copital Budgeting Mcdel II,"
Opsearch, {Dec., 1969), pp. 226-51.

Chanbers, J., €. Mullock, and D. Smith, "The-
Use of ¢imulation Models at .Corning
Glass Works," in Corporate Simulation
Models, BEd. by A. Schrieber.

Cohen, K., and E. Elton, "Inter-Temporal Port-
folio Analysis Hased on a Simulation of
Joint Returns," Management Sciencé,
(Sept-, 1967) s DPe. 5‘18- .

Dickson, G.W., J.J. Mauriel, and J.C. Ander-
son, "Computer Assisted Planning Models:
A Functional Analysis," in A.N. Schrie-
ber ed. Carporate Simulation Models,

(Seattle, Wash.: College on Simulation
& (‘ﬂnj-rlg' 1970)' m' 43-700

Dunlcp, Harbism, C. Kerr, and C. Meyers,
Industrialism and Industrial Man,
ridge: Harvard University Press,
1960) . i

Einzig, P., Foreign Bxchange Crises, (N.Y.:
Macmillan Co., 1970).

Farrer, D.F., The Inv&stﬂent&ecision Under
Uncertainty, (Englewood Cliffs, N.J.:
Prentice~Hail, 1962).

Feierbend, I., "Conflict, Crisis, and Colli-
sion: A Study of Internaticnal Stabil-
ity," psychology Today, (May, 1968).

Friedman, Kalmanoff and Wolfgang, Joint
: International Business Ventures, (N.Y.:
Oolumia University Press, 196l1).

Glover, F., "The Knapsack Pro’olém: Sane
Relations for an Improved ialgorithm,"

;Mg.%ement Science Research Report
ms ’ .

Haberler, G., Inflation: Its Causes and
Cures, (American Enterprises Institute,
Washington, D.C., July, 1966).




15,

is.

17.

18‘

19,

2C.

21.

22,

23.

24,

25.

26.

27.

28.

Harbiscn, F., ard Mﬂyers Cos Eﬂucati.ou
Manpover, and Eccnomic N.Y.:
MacGrcM Hill, 1Y66)

Hertz, D.B., "Risk Analysis in C’apital In-
vesaent,” Harvard Business Review,
{Jan., 19647, pp. 95-106.

, "Investment Policies That Pay OFf,"
Harvard Pusiness faview, (Jan., 1968).

Rillier, F.S., "Darivation of Probabilistic
Information for the Evaluaticn of

Risky Investments," l;%mmt Science,
il 7:

(Apml, 1963}); pp. 4

Johnson, R.W., ital s (Wads-
worth Publi 0., Belmont, Califor-
niz, 1970).

Kleijnen, J.P.C., T.H. Naylor, and T.G.
Senks, “The Use of Multiple Rarking
Procedures to Analyze Simulations of
Management Systeoms,” gement Science

(Mo. 19721p ppc 245"‘
Mervilie, L.J., An Investment Decision M:de].
naticnal F3

fox the Multina Firm: 2 Chanue-
Constrained Frogramung . U
ssertation, Univer-

sity of Texas at Austin, 1971.

Maslund, B., "A Model of Capital Budgeting
Undexr Risk,"” Journal of Business,
{Arecil, 1966), pp. 257-27%.

Naylor, T.H., Comguter Simulation Experi-
ments wz_tl‘ Models of Boonomic Systems,
TH.¥.: wiley & Sons, 1971).

, sd., The Desion of Carputer Simula~
Duke

mq—

tiom Emerments tDurnam, NoC.:
University bress, 1969).

Nemheusser, G.5L., Intreduction to Dynamic
Programing, (N.¥.: Wiley & Sons, 66).

Ness, D., and H.M. Weixartner, "Msthods for

the Solution of the Malti-Deimensional |

/1 Knapsark Problem,

y & " exations
Regearch (Jan.-Feb., 19%@;.
Rcblcbek, a,, and S. Myers, g%rg_l Financ-
ing Decisions, (Engl itfs, N.J.:

Prentice-Hall, 1965).

Salazar, R.C., and S£.K. Sen, "A Similaticn
of Cap.tal Budgeting Under Uncertain-

w,." g%mt Science, (bec., 1968),
p. 161-179,

Singer, H.W., Intarmatioral Development:
Growths and Change, (N.Y.: Mocraw
Hill, 1364;.

30. Truitt, J.F., "Expropwiation of Private’
Foreign Investment:
sider the Post World War II Dm:.exn,
of British and American Investors,”
(Dizsertation, Indisra University).

31. “an Hoxne, Jawes C., Fihancial
and Policy, (Eng
Prencice-Hall, Inc., 1371).

8, Ned.$

32. Van Horn, R.L., "Validation of Simalation
Results," Man Lt Science, {Jan.,
1971), pp. 247-58.

erial
Holt,

33. Weston, J.F., and E.F. Brigham,
Finance, 4th edication (N.Y.:
? iﬁzysmf 1972). !

34. Zenoff, D. and W. Zwick, International
Finance, (Englewood S, NoJd.:
Prentice-Hall, Inc., 1969).

A Fremewcrk to Con-



