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I. Introduction

The multinational corporation (MNC) has the choice of supplying
foreign markets via either exports from the home market (US) or local pro-
duction by a foreign subsidiary (FS)., If the final (as distinguished from
intermediate)U.S.-made and FS-produced goods are not identical the firm may
do both. Two important questions in the analysis of the balance of payments
impact of direct investment then arise. What determines this choice? And
what is the impact of an increase in sales of the FS=-product on sales of
MNC exports? The purpose of this paper is to investigate these issues
and especially the latter, the question of export displacement.

To date, the export displacement phenomenon has largely escaped
theoretical or empirical analysis, The major exception is Hufbauer and
Adler's (H-A) [12 ] analysis of the balance of payments consequences of
U.S. direct private investment overseas. Depending on their interest, most
observers have tended to assert either that F.S. sales compete very little
with U.S., exports or that they fully displace them.1 The assertion of these
opposite points of view has frequently been grounded in two sets of assumptions
which too frequently have been confused. On the one hand, minimizers of the
export displacement effect seem to have argued that U,S. exports and the
goods produced'by F.S. are non-substitutes or complements in demand, while
their opponents have supposed the goods to be perfect substitutes, These
product-substitutability assumptions should be kept distinct from the
implicit presumptions made by the opposing sides, on the other hand, regarding
a different question: What would have happened to U.S. exports in the absence of

F.S. production, i.e. what is the "alternative position?" Typically those
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who dismiss the export displacement effect as insignificant do so in con-
juction with the assumption that in the FS's absence its goods would have
been produced and sold by some other native or third-country firm. That
is, they adopt what H-A called the 'reverse classical' alternative position
in which any increase in F.S. sales displaces only native-firm sales and
has no effect on imports at all. Those who emphasize the importance of
export-displacement, however, implicitly adopt H-A's classical hypothesis
in which native firms do not supplant F,S. sales. In this case, increases
in F.S. sales impact exclusively against imports. In short the debate
over export-displacement has largely taken place within the framework of
H-A's extreme assumptions and in the absence of any attempt except by
conflicting assertion to determine which, or whether some mixture, of
the assumptions as to product substitutability or the alternative position .=
is better suited to empirical fact.2

Our paper grapples with and attempts to resolve some of these
questions theoretically and empirically in the context of a two tier micro- .
theoretical model of market conditions abroad, as set forth in section II
and the appendix, The first tier is a model of a global-profit-maximizing
MNC which produces two non-identical, partially substitutable products, one
in the U,S. for home consumption and export and one abroad, for foreign
consumption only. The second tier is added by nesting the MNC model in a
model of the foreign market, in which the MNC's two products compete with,
and partially or perfectly substitute for, goods produced for local consump-
tion by native firms and products imported from third countries, There are

several innovations in this partial-equilibrium approach from which subse-



quent benefits emerge.

Section II, which lays out the full model structure, introduces
a precise and flexible definition of the export displacement effect. It
is precise in the sense that it flows unambiguously from the comparative
statics of the model and involves parameters which in principle can be
measured empirically., It is flexible because it can be made to accommodate
any number of competitors to the MNC, alternative assumptions with respect
to product substitutability (the "associated export effect") and can if
necessary be extended to include intermediate goods (the "parts and com=-
ponents effect'"), When intermediates are ignored, our analysis suggests
that neither the classical nor the reverse-classical hypothesis will
accurately portray the alternative position against which the export dis-
placement effect actually takes place,

Our assumptions with respect to product homogeneity and the in-
clusion of market behavior distinguish our model from Horst's [ l1] excel-
lent treatment of the MNC taken in isolation. Horst assumed that his MNC
exported and produced abroad identical proﬁucts. In contrast, we assume,
perhaps more realistically for the markets we consider below that the MNC's
exports and the goods produced by FS and native firms are non-identical,
partial substitutes: their price cross-elasticities may be large but need
not be infinite.3 There are several reasons for our different choice of
setting. /

First and most importantly, it is impossible fully to invesfigate
export displacement in a model, such as Horst's, which excludes native firms.

One can certainly analyse the trade-off between exporting and producing
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abroad in the single-firm context while ignoring other firms, as we do

in Section II. But assuming identical goods, (Horst's case) is equiva-
lent to the forced assumption, ab - initio of (a modification of) the
classical position, In the absence of native firm or other products, in-
creases in FS sales will necessarily reduce MNC exports of the same good
exclusively, Even in Horst's model, the impact will not generally be one
for one (the classical case)., In our model, however, the effect can even
disappear, as shown below.

Our model, on the other hand, incorporates a modified version
of reverse classical behavior. Perfect classical behavior is excluded, for
with native firms producing substitutes, U,S. exports will not alone bear
the brunt of the displacement effect. Equally, perfect reverse classical
behavior is unlikely, for in the presence of U.S, exports, increases in P
F.S., sales will not react exclusively against native firms, This consistent
admixture of possibilities seems reasonable especially since the '"classical"
and "reverse classical" positions were chosen by H-A [ 12] in the first
instance as polar extremes and not as representative of reality,

In the second place, it will be recalled that Horst's model pro-
duced interior solutions, with the MNC both producing in two locations and
exporting, only when the sum of the slopes of the marginal cost functi ons was
positive., Under the alternative assumptions of constant or decreasing costs,
radically different patterns, emerged. These corner solutions involved either
production in both places with no trade, or production in one with the second
supplied exclusively by trade. Our model, however, provides interior solutions
for the empirically relevant case of constant returns to scale. Nonetheless,

the existence of interior solutions, the size of the export displacement
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effect and the impact of changes in other exogenous variables do depend
critically on the equilibrium values and slopes of the underlying cost
and demand functions. We therefore devote Section III to an empirical
examination of the structure of the production functions and the consequent
cost functions of U,S, foreign subsidiaries and native firms in the chemical
and electrical engineering industries in Germany, Canada and Japan.

Section IV presents a preliminary empirical analysis of the
export displacement effect and the effects on the MNC's optimum of changes
in other key factors, such as the cost of capital and foreign tax and
tariff rates, in the full, four-firm, three - good, market nexus. Our
technique is to estimate the effects on the equilibrium outputs of each
competitor caused by a small change in some underlying parameter, These
comparative statics are calculated at the point which represents the 1966
equilibrium values of the variables in the model. Of course, rather than
use the 1966 equilibrium values as the point of reference, one could alter-
natively solve for equilibrium for any given values of the exogenous para-
meters. However, this would require solving a set of simultaneous, non-linear
equations and will not be attempted here. When the MNC is considered alone,
it is relatively straightforward to assess the signs and sizes of the deter-
minant of the relevant Hessian and all its principle minors. When the MNC is
embedded in the broader setting, however, these signs and sizes generally
remain ambiguous. Consequently, the 1966 equilibrium levels and the com-
parative statics at that point are calculated numerically. A concluding
section summarizes, discusses caveats and suggests promising directions for

future research,
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II. The MNC in the Foreign Market

A, Model Structure

The objective of this section is to set forth the theoretical
structure of our model of the MNC in the foreign market strictly in con~
formity with the empirical requirements of the data analyzed below. For
these purposes it is sufficient to consider a static, one-period model of
a MNC, with production and sales operations in two countries, involving
the parent in country 1 (the U.S) and a subsidiary in country 2. The MNC
behaves as a maximizer of its long-run profits from the sale of two
differentiated products.4 Good 1 is produced by the MNC in the U.S., in the
amount Q1 of which S11 is sold in the U.S, while S12 is exported to country
2 Q1 = S11 + Sip- Good 2 is produced and sold by the F.S. in country 2:
Q = Sppe°

The two goods sold by the MNC in country 2 compete with two
additional differentiated products: sales in the quantity 832 of goods pro-
duced by and imported from third country firms; and 842 of the products of
native firms. Because price-data are not presently, or ever likely to be,
available separately for U,S, subsidiaries and native firms, we are forced
for empirical purposes to assume that 522 and 542 represent an identical

good, the total sales of which are S_. = S

T2 22 + 842. In this case we assume

that U.S. subsidiaries and native firms behave as Cournot-type imperfect
competitors with respect to their common product; that is, they ignore the
effects of their actions on the sales of their competitors. It is a small
step from this convenient assumption to the general model of totally differen-
tiated products, and in section IV alternative calculations are presented for

both the general and Cournot cases,



i

-7-

The demand for each distinct product in the country 2 market is
most easily estimated as a function of its own prices, the prices of compet-
ing goods and income. Letting the vector B, = (PIZ’PTZ’PBZ),SiZ = Siz(gz,Y),
i=1,,..,4 where own price-elasticities are negative and price cross-elasti-
cities are positive if the products are substitutes; all income elasticities
are positive. For purposes of the theoretical devglopment, howeve, the
demand functions are more conveniently employed in their inverse form.
Letting the vector S, = (Slz’STZ,SBZ)’ Pig = P12(§2), where all partial
derivatives will be negative if the several products are gross substitutes?
Sales revenues from product i in market 2 are therefore given by
Ri2 = 512P12(§2) = R12(§2). For simplicity, we assume that U.,S. sales of
the MNC's good 1 depend on its own price alone: S;7 = Sll(Pll) and, inverting,
P11 (S ) Similarly the home (i.e. country 3) market price of the goods
produced by third-country firms, P33 (833). We may now proceed to
model the market system by writing the profit-maximands of the three firms
which compete in the second market.

The MNC's after-tak net revenues ariseing in country 1 from selling
good 1 are:

1) L St P10 + ™Sz - GG * S127 | (1-t1), where ¢} = Cy(@p) 1s
the cost function of good 1, Hl is the export transfer price of good 1 set
by the MNC and t; is the tax rate in country 1. MNC (dollar) profits from

selling good 1 in 2 are

m
1
(2) [ S12 P12 (§2) 1+ ) 812] (1-t2)f1,where Ty and t, are country

2's tariff and tax rates, respectively, and fl is the exchange rate between

1 and 2.



-8-

The MNC also profits from selling good 2 in 2:

3y L 522%22(82) = Ca(sy) Ja-epgy

Summing expressions (1)-(3), total MNC profits may be rewritten as

@ LR G10) = Oy + 51 e + [ Bpp(8p) = ©5(59) + By ] (L-ty) T8y,
where T1 = T2(1-t2) - (tz-tl). This expression is similar in several respects
to Horst's [ 11 ] and preserves his insight that the MNC will set m, as low as
possible if T, > 0, i.e. if Ty > (t -tl) / (1- t2) Note that R22 = SZZPT2(§2)
In a similar fashion, the objective function of the third country
firm may be written as the sum of their after-tax profits from producing

and selling their good 3 at home and from exporting it to country 2, as

follows:

- C - e v I -
(5) [R33(333) 3833 % S32)] (1=t )+, (1-t,) LR32(§2>] m3T3S4,

where T3 = Tz(l'tz) - (tz-tB)

Finally, the maximand of the native firms which for simplicity do no exporting

may be written as:

(6) l_ 4232) = C4(849) ] (1-£5)

where R42 42 T2(SZ) and the cost functions C (Q ) and C (Q ) differ.

The first order necessary conditions for market equilibrium are
established when each firm maximizes its own objective function with respect
to its own decision variables, while holding the other firms' decisions

constant, Firms, that is, take no account of the effects of their actions
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on others. The commonality of this assumption to all firms is guaranteed
by the previous assumption of Cournot behavior on the part of U.S. sub-
sidiaries and native firms.

The MNC maximize ith re t to S S and S iving:
X zes W spec o 11’ 512 29° giving

7 o - =
(7a) (R C1) 1 tl) 0

11 .

- ' - - - =

(7b) f1(1 t2) (R12 + bR22 / oslz) ﬂlTl 1 tl) C& 0
- ] - J =

(7¢) fl(l t2) (R22 + lez / ost Cz) 0

where R} = DR ] 0S;;= Pyyt Syq 0Py / 98g5 > 03 dRyy /35, =

sz bPi2 / bsjz < 0, i¥j. Note that dC, / oslj,= dC1 / in since

le / bslj =1, j=1,2 and that ORiZ / bsz2 = bR12 / bST2 since OSTZ / 0822=1, i=1,2.

Similarly, third-country exporters maximize with respect to S34

and S

32

(8a) (R33 - c;) (1-c3) =0

f (1-t )R! - (1- '- =
(8p) £.(1 SRy, - (1-£))C3 - 7, T, 0

Finally, native firms maximize with respect to §,,:

9 ®, - C}) (1-t) =0

7
wh R'" =P +5 P i =1,
ere 42 - 42 o) 2 / bSTZ since bSTz / 0342 1

The simultaneous solution of the six equations in (7), (8) and (9)
produces the point of market equilibrium, The simultaneity arises from the

presence of interactive terms produced by the dependence of the demand function
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for each good on the quantities sold of the other goods. This equilibrium
is clearly much more complex than Horst's [ 11] case which is somewhat
similar to the three equations in (7) but without the cross-derivative terms
owing to his assumption that 512 and 322 represent identical products.

The market will reach equilibrium if each firm is in equilibrium.
It is therefore required, and we assume, that each firm's second-order,
Hessian matrix is negative definite. The set of partial derivatives of
each firm's first order conditions with respect to its own and the other
firms' decision variables produces the 6x6 matrix of second-order conditions
for market equilibrium set forth in Table 1, Note that the matrix is
assymetric and is not a Hessian. The Hessians for each of the competitors
are outlined diagonally. The restriction that these diagonal blocks are
negative-definite is not, however, sufficient unambiguously to determine
the sign, let alone the size of the determinant of the marketvmatrix.8 In
the actual event, it is therefore necessary to estimate its cemponents
empirically and to evaluate numerically the relevant comparative statics -

around the 1966 equilibrium, as we do in Section IV.

B. Export Displacement

As noted in the introduction, two sets of arguments have been
adduced to provide a basis for the existence of the export displacement
effect., One is rooted in the perfect, partial or non-substitutability of the
goods produced at home and abroad by the MNC and its PS, ignoring foreign
market conditions, The second set involves hypotheses relating both to
the degree of substitutability between the kinds of products sold, on the

one hand, by native firms and those produced by the MNC and its affiliates,
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on the other; and to the market-behavioral reactions of native firms to
changes in the decisions of U,S, subsidiaries., 1In principle, both sets
of issues can be investigated in the framework of comparative static
analysis, For illustrative purposes we shall focus initially on the
first because of the analytical intractability of the assymmetric 6x6
matrix of market second-ord;r conditions.

Consider, then, the symmetric, negative-definite second order

matrix, M, for a MNC maximum, taken in isolation from the market as a whole.

ds

ds

ds

11

12

22

ds ds ds

11 12 22
(1-t;) (R}, - €D - (1-t;) ¢ 0
2 2 2
- - " - w4 O R - O R 0“Rop
(1 tl) cy £)(1-t,) (RY + o 22 el tz)o(s ;: + 2 )
27712 YUT2V"12
-(1-t;) c" 12 T
L -1,
2 2
R R 2
0 g2 v 0 2 e ey, + R Loy
P s sy, Taegpn,, b 2 2T 5
127712 127712 T2

Will increasing foreign sales displace U.S. exports? In other

words, what is the MNC's trade-off between exporting and produciAg abroad?
Intuitively, the answer should depend on the changes in the £e1evant marginal
revenues and costs caused by shifting sales from one location to the other.
Taking the context of balance of payments regulation let us examine the effect
on S12 of relaxing a restriction that has had the effect of holding. S to

22
some constant level, 522, which is suboptimal for the MNC. We seek the —
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sign of dS12 / d§22. The effect of the assumed constraint is to remove the

third of the three first order equations in (7).

The remaining relevant

conditions are (7a) and (7b) which we differentiate totally with respect to

§_., producing

22

(10)

.

(-t )R} - ¢ =(-tC]

~A-e) 6 £ (RYp *

t1 "-
(1-£,)¢4

2

d Rzg

2
bSlz

-£,(-t)) [

+ b R12

bSszS12

2
0 Ryy

dST2 2812

The determinant, D, of the leftmost matrix is necessarily positive according

to the second order conditions.

effect

(11)

(1-t))(RY = )

—(l-tl)C;

{'fl(l'tz)[bszz / 083 2515 |

0

2
+0 Ry, /D

A

S 2Sy, |
-

Using Cramer's rule, the export displacement

2 2
Since b R,, / 0Spp 0581, < 0 and d Ry, / 0Spo 08, < 0 if S,, and S;, are gross

substitutes.

existence of which has been completely ignored to date,

It migh

Parenthetically, our apparatus points to a second effect, the

t be called

the "home-output displacement effect'" of foreign direct investment and is
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obtained by solving equation (10) for:

(12) dsyy / a8, =L 1l o o 7,2 2
11 22 " (Q-t)ey (1-t,)f; (27Ry, + Ry,

0Spp 357, 051y 57,

Clearly the sign of dS11 / d§22 is determined by the sign of CY: the effect
will be zero under constant returns to scale.9

The result that the export displacement effect 1is negative when
the MNC is considered in isolation might not seem surprising in view of
our introductory remarks, But here the conclusion has a different basis
from that of most arguments which incorporate the presumption that 512
and 522 are homogeneous products, In our case the export displacement
effect arises directly from the (partial) substitutability assumption.
The effect will disappear, i.e. dS;, / d5,, = 0, if the goods are indepen=
dent in consumption, a question which can be addressed empirically.

We adopt dsy, / d§22 as the relevant measure of export displace-
ment because it embodies two essential requirements: it takes account of
the alternative position and it is related to the MNC's optimal decisions.
The requisite quantity reflects what would happen to MNC exports in the
absence of additional direct investment (which assuming constant output/
capital ratios will produce proportionate FS sales increases). 1In the
more precise language of our model this amounts to determining the shifts
in the equilibrium value of 812 caused by relaxing the constraint on 822
if initially S99 is constrained to a suboptimal fixed value, given the
presence of other competing products,

Our definition has the further advantage of flexibility over

previous concepts. It is not restricted to extreme situations: rather,

its magnitude may vary depending on the empirical substitutability

N 3
N
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relationships between U.S. export goods and other competing products in

foreign markets. It can readily accomodate complementarities (the

ngssociated export effect") should they exist as well as independent goods.

It could be modified to take account of intermediate goods - the compensating

increase in U.S. exports of parts and components to subsidiaries as 822

rises to displace 812 - which we are forced to omit owing to data deficiencies}o

Most importantly, it is directly extensible to the total market setting in

which MNC exports and FS products compete with other goods in foreign markets.
This last extension requires that we investigate the shift in

the MNC's equilibrium S__ decision when the constraint on 822 is lifted

12
under circumstances where competing firms equilibrium decisions may also
change as a consequence and in turn affect the MNC and its FS. That is, we
must employ the full, 6x6, set of market second order conditions. The
difficulties of establishing directions and magnitudes for the comparative
statics in this case have already been mentioned. We therefore perform
this extension numerically in Sectiomn IV, wﬁere we seek to compute the
signs and sizes of the export-displacement and such other, more traditional
comparative static effects as the impact on the various outputs of changes
in capital costs and tax, tariff and exchange rates. These signs and sizes,
which are the impoftant information for policy, depend exclusively on the
parameters of the included cost and demand functions., In Section III we

present the relevant estimates.



-16-

III, Empirical Estimates of Cost, Production and Demand Functions

In this section we present the results of our attempt to estimate
empirically the cost and demand function parameters suggested by the
model of Section II. Clearly the results can only be treated as rough
estimates, as the reader will readily observe. However, despite the
ever present problem of comparability, discussed below, the results in
the area where we tried the hardest-~-the estimation of cost functions
for competitors--are, we think, encouraging. 1In any case, we hope that
a description of our trials, tribulations and triumphs will in itself
be of use to economists and policy-makers. For it cannot be repeated
enough: if you want to estimate the effects we discuss, you must
estimate, in some way, the magnitudes we sought,

A. The Production Functions and Cost Curves

We have estimated production functions, from which we have derived
cost functions, for five markets: the chemicals market in Germany,
Canada, and Japan and the electrical machinery market in Germany and
Japan. 1In each market the production functions were estimated for three
of the four major classes of competitors: for U.,S. exporters, and for
native firms and U,S. controlled subsidiaries in the host country. The
one class of competitor that we have not adequately covered is the
exporters to these markets from third countries. If we had cost esti-
mates for all major exporting countries, then this problem could be \
solved, either by generalizing our theoretical framework to a mulficountry
model or byweighting the cost functions of major exporters by their
share of trade in a given market., Where it is necessary to estimate the

marginal cost of third-country exporters below, we use an average of
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the costs of the two relevant of our three countries, weighted by their
total exports,

The major problems in getting the estimates that we need revolved,
as one would expect, around the availability and international compar-
ability of data. Naturally we need data disaggregated by classes of
competitors. Further, to investigate the market for commodities that
we suspected were close but not perfect substitutes, we felt it important
to get data disaggregated as far as possible by product; the selection
of the chemical and electrical machinery industries, S.I.T.C. 5 and 72,
was an undesired choice made necessary by the unavailability of capital
stock and other data at a greater degree of industrial disaggregation
for countries other than the United States, Similarly our choice of
countries was limited by the same data deficiencies.

The innovation in our empirical work has been to exploit a newly
available source of micro-economic data on the costs and production of
U.S. foreign subsidiaries, These data, available at present in cross-
sections for 1966 and 1970, were made available to us as one of the
first users of the Multinational Data System developed at the Bureau

11
of Economic Analysis, U.S. Department of Commerce.™

The results presented in this paper are for 1966, the last full
Census year. Rather complete balance sheet and income statement data
were available, as is indicated inthe Appendix. Although limited
in some respects, as is most cross-section data--for example, in the
unavailability of a deflated measure of real capital stock--the data
and our results compare favorably with recent attempts to estimate
production functions from cross-section sources (cf. Griliches and

Ringstad [ 8 ]).
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For this paper separate regressions were run for subsidiaries in
each industry and country; in most cases there were ample degrees of
freedom, 20 or more; the major exception was the Japanese electrical
machinery industry, where our exclusionary rules had to be relaxed to
get even 14 observations.

A multitude of sources were used to collect data on native or
indigenous producers in each country. The relevant data tables and
sources are presented in the Appendix. These data, unfortunately,
have several weaknesses: the time series are fairly short, primarily
because capital stock data are usually unavailable for years prior to
1957 or so. A fundamental drawback with these series is that the data
are aggregates of the operations of both native firms and U.S. foreign
subsidiaries, Owing to the lack of comparable time-series on foreign
subsidiary operations, it is impossible to obtain clean series for
native firms alone. The following table indicates the seriousness of

this aggregation problem for each of our cases:

Table 2

12/

Ratio of Foreign Subsidiary Sales to Total Market Sales 1966—
Chemicals Electrical Machinery
Germany .06 .13
\

Japan .005 .01
Canada .86

Clearly the major problem is that in Canada it is hard to talk at all
about a native sector in the chemical industry. Fortunately our cost

results indicate that there is little difference between the cost estimates
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for the foreign subsidiary sample and the so-called native firm time-
series. The impossibility of clearly isolating native firm charac-
teristics from those of U.S. foreign subsidiaries will persist until
either the United States or the host countries decide to provide
time-series of adequate production and cost statistics for one class
or the other or, preferably, both,

Results for Production Functions

Our major finding was that there was no evidence of increasing re-
turns to scale in either sample. Further, the preponderance of the
evidence points to constant returns to scale for each class of competitor,
This, of course, is an important result if it holds up. It should be

recalled that many of the possible patterns of behavior discussed in

‘the context of theoretical models such as our own and Horst's depend

importantly on the préesence or absence of increasing or decreasing re-
turns to scale in production., In Horst's model [ 11], discussed above,
the finding of constant costs implies that there will be no interior
maximum., Except where tariffs cause distortions, we would observe all
production occurring in that locale with the lowest costs of production.
In our models, constant costs do not necessarily imply a corner solu-
tion of the above sort, However, the slope of the marginal cost curve
appears in the second order conditions for each firm and in the matrix
of second order conditions for the market as a whole; with constant
costs the slope of these marginal cost curves all are equal to zero;
hence only the slopes of marginal revenue curves remain in the second
order conditions. This, of course, does not mean that costs affect

nothing in the model., Marginal cost terms appear in the numerator of
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many of the comparative static calculations. They also affect the final
equilibrium levels of all the outputs of the four classes of competitors,
The results for the native firm regressions were generally so weak
that virtually no sensible hypothesis on returns to scale could be
rejected. For foreign subsidiaries the results were much more inter-
esting. When materials (plus components) was used as an independent
variable along with labor and capital, all three coefficients were usually
significantly different from zero; and in the vast majority of cases
constant returns to scale could not be rejected at the 5% level of
significance. When materials were dropped from the production function,
significant decreasing returns to scale were detected for virtually all
specifications, unlike the results presented for many previous cross-
section studies (e.g., Griliches and Ringstad | 3']). However, we feel
that the statistical results favor the regressions which include
materials, First, the Rz's are greater for these variables--for the
same dependent variable, output, Second, and most important, the sig-
nificance of the coefficient of the materials variable tends to reject
the hypotheses that justify the alternative regressions using labor and
capital alone: i.e., that materials are (1) linearly related to output
or (2) that materials enter in the production process in fixed pro-
portion to output.lg/ Fortunately, we found also that our best pro-
duction functions also produced our best cost functions. /
The results for the best foreign subsidiary and native firm re-
gressions are present in Table 3 below. All such results are for
the Cobb-Douglas specification of the production function:

Q = ALaKle-a-b. Constant elasticity production functions were also



(€°6) (#%0°¢€) (111°1€)
09%°0 966T* 0L£°0 0€9°0 94 M (M9°M) 3=0 (u073095-5501))
893®35 pa3Tuf
(99°€21) (0Z1°11) (60€°92)
5%°0 LL16° L£9°0 €9€°0 oY%9°¢ (A9°TM) I=0 §93183S Pa3ITun
(L0°229) _ (1s°%) (L0°68)
865°0 €186° /T %2°0 6SL°0 182°L (3ANTIM) 3=0 ueder
(165°6) (966°1) (z62°1) (129°2)
94%°0 o19L° #%0°0 12%°0 6.5°0 €€0°C (3AN“IM) F=VA Auewiadn
SWIjd 9AJJIEN = Ai13snpul [9OTI3I091d
(0°L1) oz1i°w) (€€€°ST)
86%°0 961€° 8L2°0 L0 ovs° Y (M9°'IM) 3=0 (uoF309g-55010)
. 823815 P2a3ITu(
(g°z¢€) (069°S) (911°91)
HS%°0 HowL® G9€°0 6€9°0 916°¢ (I9¢IM) 3=0 §93®838 P3Tul
(00°1EY) _ (90s°01) (065°81)
6L%°0 $686° /2 11%°0 685°0 I 7ARS (3 “JN“IM) F=VA ueder
(60°21) (ze€°1) (L%°1) (y L)
99%°0 1868° 6Z0°0 91%°0 #86°0 €IS6°Y (3“AN*IM) =0 fuewia)
®6°21) (088°6) (€€8°8)
06%°0 8L68° L96°0 €EY°0 802°C (IM°IM) I=0 BpEUR)
SWITJ OAFIEN - AXISNpul JEoOJWoY)
) q q ® v _odAY, X13uno)
(3) ¢4 JE

€ 21901

/T suof3duni uor3lonpoid 3o Axsmmmg £I3Un0)-133uUl

.



N

(€°€9) (261°9) (068°1) (122°8)

Al S06° 196°0 891°0 1L2°0 %LE°0 " uedef
(9°101) (17%°11) (€10°1) (€01T°11)

91 1€6° £€89°0 €80°0 %€2°0 %€€°0 " Kuewia)

597I87PT5qNS UBTOA0] 'S'N ~ AISUTYIEH 1997130914

(1°061) (465°81) (88€°2) (86%°G)

KA £€46° 9%8°0 LLO°0 LLO®O 862°0 " usder
(8°262) (L59°ST) (vov°€) (ev1°21)

Ge Sh6° rAZA) %¢1°0 %01°0 10€°0 " Kusmwiad
(2°8€11) (YLL°9€) (911°%) (€8€°92)

%1 6%6° 8E€L°0 760°0 0L1°0 80€°0 (W ANIHIN M) I=0 wpeuUB)

CER 133 JELLTS

840" N @ 4 q-¥-1 q v v ET 167 XI3uno)
SUOTIOoUN UOTIONPOAd FO Lxvwmmg LIISNpuI-I93uUl

(*3uod ¢ 91qel)



puail suwil = 3

: (1-3)1320° -
(3) juew3issaut ss8018 4+ (I-3)I¥ = (3)IN “eynuroz
9yl £q po3IvINOTEO poInswIW No03s (evlfdedo Teroads B = I

safaojuaaut snid }oo03s Te3Tdes 3au

ANIHIN
}003s 1v3Tded 39U = N

*(UOFITSTNDOB JO W3 aY3 3w 83d9Fad ug
poanseouw safqefaea 1e3Tdeo [1@) }003s 1e3ITdED 55019 =™ YD

( " oo " ) 11024ed =« M

(s9o12d 0941 ut poanseauw) IndIno = (
‘uoj3ouny uojionpoad yo add3 ay3 Bujuyop uj pasn sjoquis ay3j 218 BUFMOTTO0F YL _
/€
*sSB1O 9276 puv 183 £q pajEWIIsd 919M §3D3FI9 W) muauwmmwm

*II uolioes

¢1aded juesaad sjy3z o3 xypuaddy ay3 ujl pojussaxd axe wlEp 9yl °¢ pue g sxaizdeyp Lyeroodsa a9s
$[ z ] susas3s puw uo3lsad1d ‘s19pug ‘ISTPY WOlF UL E] BA® SUOTIdUNFUOFIONpoad WITF SATIBN "moouzQWﬂ

€ 9198l o3 mmuocm,wm

e N
o
>



-21-

fitted for some specifications for both sets of data. However, for

the n-“ive firm regressions, Cobb-Douglas forms proved superior to all
CES forms; both to maintain symmetry with the native firm results and
because one cannot apply CES forms to production functions with more
than two inputs without further assumptions,lé/ we have so far limited
our investigation of the functions which include materials as a variable
to the Cobb-Douglas form. Future work with more general production
functions may prove useful. However, Griliches and Ringstad [ 8 ] found
that, in virtually all cases, the CES did not improve upon the Cobb-
Douglas results (p. 63).

In the native firm regressions, as the following tables show, a
variety of dependent variables and measures of the capifal stock were
used; the latter variety was forced upon us by the limited availability
of data. In all cases, however, the measure of labor input that seemed
to perform best was some form of total payroll--rather than number of
employees,

For the foreign subsidiary regressions, a single form performed
as well as or better than all others in each country; this used output
as the dependent variable and payroll, net capital stock plus inven-

15/

tories and a measure of purchased inputs as the independent variables.,™

Cost Functions

Although it is possible to develop the theory of Section IT entirely
in terms of production functions, we have chosen to do so in terms of
cost functions, thus fitting our model into a familiar theoretical
framework. This means we have to derive cost functions, either by .

direct regressions or by deriving them from our production functions,
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We have chosen the latter path, thus allowing us to calculate the effects
on costs of changes in input and output prices and permitting an indepen-
dent check on the validity of the production function results.

From the Cobb-Douglas production functions with constant returns

16/

to scale, it is well known— that cost functions of the following forms

can be derived, making'costs a function of the parameters A, a and b of
the production function and the prices of labor (w), materials (pm) and
capital services (ccap). Form (13) below corresponds to the production

function estimated with materials included and form (14) with materials

excluded:

w2 ccapP pml-a-b

2. b 1-ap’ ¢
Aa b (l-a-b) a

(13) ¢c@ = ¢

: w2 ccapl-®
(14)c@ = ( +p M
: A a® (1-a)1-a) Q+p,

In the Table below we present our estimates of the average and marginal
costslz/ for 1966 for each of our four classes of competitors in our five
markets, 'These are derived from the cost function corresponding to the
best production functions presented above.gi/ Each estimate assumes that
1966 wage rates and prices of materials prevail; as can be seen in the
Appendix these prices cause us no trouble because they are embedded in
our estimate of the constant term of the cost function and the 1966
materials/output ratio. However, deriving a figure for the cost of
capital services is another, more difficult story. Since in our estimates
we, like all other researchers, use measures of the capital stock as

inputs and since there are virtually no payments for the annual rental
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of capital stock, we must derive an independent estimate for‘the cost

of t... capital services that are produced annually by the firm's

capital stock, As Jorgenson and others have discussed at length,l—/

the annual rental price (ccap) in models such as ours of any asset
should equal: r+d-q/q, where r is the firm's cost of capital, d the
depreciation rate on the asset and q/q the rate of increase of the price
(q) of a unit of the asset,.

Estimates of the actual depreciation rates on capital assets vary
widely, For the U.S. manufacturing sector, rates between 13 and 16%
have typically been used.gg/ But, in a recent article, Coengl/ has
noted that for the industries we are studying the Treasury Department's
average useful lives calculations imply the overall depfeciation rates

of 8,3% and 6.5% for the electrical machinery and chemical industries

respectively,

Any estimate of the cost of capital, r, depends importantly on ~—

the assumption concerning the financial theory of the firm, the existence
of perfect or imperfect capital markets and the like. Little has been
done to iink the theoretical variations to specific numerical estimates.gg/
Here of necessity we shall, like most other empiricists, assume that

the firm exists in a perfect capital market, Even so this does not

make things much easier; estimates of r for 1966 have varied from .10¢4
(Jorgenson and Hall) down to the Moodies Industrial Bond yield (.053)

or even to the average 1966 dividend/price ratio for U.S. manufacturing

stocks (,035),

For the United States in 1966, if we exclude the term -4/q as most .-

others have, these estimates lead to a possible range of r+d from .0971
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to .264, For expdéitory purposes we present estimated costs for the
U.S. subsidiaries and parents for a value of ccap equal to .25 for
the gross capital stock measure (the measure clccest to the domestic
measures). This estimate is on the high side of our range, but for
the U.S. subs leads toAvalues of‘predicted costs that are closer to
our estimates of actual costs. This value, .25, is also close to the
value for native firms that allowed the best prediction for 1966[ 2 1.
A note should be added here on the final column of the succeeding
table . The calculation of thederivation of actual from predicted
costs is based upon an estimate both of actual as well as predicted
costs. Costs reported by the companies and subsidiaries do not report
actual costs related to capital services in any sense acceptable to
economists; depreciation does not reflect, in many cases, actual economic
deterioration; and profits need not measure well the cost of capital.
Hence for our estimate of "actual" capital costs we have substituted
our own figure, ccap times the capital stock measure. This procedure
is explained at greater length in the Appendix,

B. The Problem of Demand Function Eétimates

Fof reasons explained briefly below, the estimates of the compar-
ative statics presented in Section IV do not rely on our empirical demand
function parameters. Rather, they employ putatively reasonable values
of the income, own-price and cross elasticities, The basis for these
assumed values is as follows.

Recall from Section II that our theory requires parameters for
inverse demand functions of the form Pij = Pij(§j) where i is subscripts

products and j, markets, while S; is the relevant goods vector in
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country j. The requisite parameters can be obtained by inversion from
direct demand functions of the form Sij = Sij(Ej’ Yj) where Bj is the
relevant price vector and Yj denotes income, both in market j. Log~-
log regressions were used to estimate Cobb-Douglas renditions of

the direct demand equations for each of the three products, Si2s
i=1, T, 3, in each foreign market:

a. a. a4 aj
_ i12 iT?2 i32 i42
(15) §;9 = 302 P13 Pro  P3o Y, , where

Py, = U.S. wholesale price index for the relevant good;
pT2 = Country 2 wholesale_price index for the relevant good ;
P35 = Average of the wholesale prices of major exporters other than

) v
the U.S. weighted by their share in exports to 2;f§/ and the a;52

are the elasticities such that -zlaijZ = 0 in the absence of money
J:

illusion. No regressions were run for home-market sales of either u.s. -

MNC's or third-country firms.

The partial price elasticities may be arrayed to form the 3x3 matrix A,:

2
P12 Prp Py

- r- - bt
$12 r-3112 a1r2 33, %142
S12 %r12 2rr2 373p| = Aps and 22 < 4142
S a a a a
312 332 2
32 i 3T2 ] 534 .

is the column vector of income elasticities, Note that A2 is not sym-
4
metric,™  The system of demand equations in country 2 may now be

rewritten in log-log form

log S, = I log agy + A log psy + By log Yy

where underlining denotes a vector of logs, I is the identity matrix,
2,9 is the vector of demand-equation constants from above and B2 is a

diagonal matrix with 8542 1in the ith diagonal element and zeros elsewhexe,

\V,



COUNTRY AND INDUSTRY

Cost of Capital Production Costs Total Costs per $ Calculated Error
Class of Services (Gross per $ of Output of Output of relevant cost
Producer Capital Basis) (1966 prices) (1966 prices) prediction for 1966,
(Actual-Pred)f Actual
United States Hiectrical
Native .25 .67 .81 17%
Native . .25 .80 .9 not calculated for sample
German Electrical
Native .28 .86 .89 +2.4%
3/ .
Toreign Sub™ .25 .81 .82 +17%
Foreign Sub(best .25 ' .90 ‘ .91 +10%
’ i 2/ - Japan Elect 'iCI! -
Native ' ~, 25 .72 . .88 +1%
. 5 .
Foreign Sub .25 .80 .81 ) p2 3
Foreign Sub (best .25 .80 .84 18%
United States Chemical
Native .25 .73 .95 =32
Native .25 .73 .95 not calculated for sample
] : Japan Chemical
Native 1,25 .69 .89 1%
€oreign Suby .25 77 JI7 +20,6%
Foreign Sub(best .25 .85 .77 +9,8%
German Chemicals N T
Native Firm .25 .79 91 < 1%
3/ :
Foreign Sub™ .25 .92 v .95 1%
Foreign Sub(best .25 - .83 .86 11%
Canada Chemical
Native ~,25 .80 .98 =21 %
3/ - +19%
Foreign Sub =25 .84 .85
Foreign Sub(best) - 25 .94 .95 -+
1/ o
=/ Sources: Production functions in Table 3
2/Revaluefl net fixed assets used; this value was omevhat gregter than the book value of net fixed assets,
_3_/'].‘his quction used the same form and, wherever possible, thq same variables as the best native firm production
functiofp.
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Solving for the log price vector is a simple computational procedure:

_ -1 -1 -1
(16) log pp = Ay" log Sg - Ay B log Y - Ay I log a, |
If the goods are substitutes, we know that the elements of Ail, denoted
;42> will be negative for all i, j[ 10 , p. 182]. The‘matrix (A-lB)
will be diagonal. Its.ith row elements, c;, = €;:93549, will be
negative since ai40 > 0, as will the coefficients of the constant terms.

These provisions are expressed in the signs of the exponents and con-

stants of the ith inverse demand function corresponding to the
Cobb-Douglas specification above:zz/
- -e; -e; C.
_ {12 ~€iT2 _"€i32 _“i
(17) pyjp = Cio2812  Spp Sy, Y

where CioZ (antilog aioz)eiiz.
Since the marginal revenues of all the competing firms at equilibrium
must be positive, we would expect for any reasonable set of estimates
of aijz, that 0 <« ejj2 < 1, This expectation is confirmed by the €42
values which we compute via equation (16) from pre-set price elasticities
in Section IV,

In practice, the OLS regressions used to estimate the parameters
of equation (1) usually failed to produce significant own-price or cross elas-
ticity coefficients. In two instances, own-price elasticities had
significantly negative signs while the cross elasticities did not
significantly differ from zero., Equally usually, however, the income
elasticities were positive and in the case of both import categories
frequently exceeded one by a significant margin.zg/ These empirical
results are largely useless for our purposes, which;because we are
supposing a market of substitutes, require negative own-price elasticities

and admit zero cross-elasticities (independent goods) only as a special, —
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somewhat unlikely case. Our alternative for this paper was to pick the

plausible elasticity values as specified in Section IV,
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IV. Comparative Statics

This section presents the calculations for the changes in the
output levels of the multinational firm and its competitors induced by

changes in various exogenous variables., First, as detailed above we

model the export displacement effect by constraining the output level of the
foreign subsidiary and calculating the effects as the constraint is re=-
laxed by one unit. Besides the export displacement effect we have cal-
culated the effects of a (small) change in tariff and income tax rates
of the foreign country, the exchange rate of the United States and the cost
of capital of the multinational firm.
All such calculations are for small changes in the exogeneoué

variables at the 1966 equilibrium for either the 6-good market set out
above (determining the comparative statics dSll/dX, dle/dx’ ds,,/dX,
d832/dX, dS33/dX, dSAz/dx, where X is the exogeneous variable) or for the
multinational firm alone (determining dSll/dX, dSIZ/dX’ d822/dX in isolation).

Technically speaking, as is fairly well known the comparative e
statics of the system of 1lst order conditions (7) alonme or (7), (8) and (9)
of Section II -- are calculated according to Cramer's rule as a ratio of
two determinants.27 The denominator is the determinant of second deri-
vatives of the system -- for the full system the determinant of the matrix
set out in Table 1 above; the numerator is that determinant with one cclumn
replaced by the column of derivatives of the first order conditions with
respect to the exogenous variable, X,

In calculating numerical values for these determinants we have

assumed the 1966 values of the prices, quantities, costs and levels of

exogenous variables, Thus our estimates attempt to portray a small ~
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displacement from the 1966 equilibrium.

We shall use the best cost estimates presented in the last
section. As a consequence we assume constant returns to scale and all the
cost terms (Cg ) in the matrix of Table 1 become zero. Thus the denominator
of our comparative static calculations is a function of slopes of marginal
revenue curves and exogeneous variables alone. We shall see below that
the effects, particularly their sizes, are very sensitive to the revenue
curves assumed.

For all alternative demand curves we have scaled the constant
term so that the equation is satisfied for 1966 values. This scaling in-
volved two choices of units of meaéurement which we do not think affected
any of the results, Since our demand functions are Cobb-Douglas, the con-

stant term Bi was defined so that P

j=

s, =B(S; () (0w ()]
, 1,66 °1,66 i 1,66 1,667 D;%°37 70
where P and S are price and output, Y is national income and the 66 subscripts
indicate 1966 values; a and b, and the cj's are the assumed elasticities of
revenue with respect to quantities and income. Quantities were measured in
1966 price units in the currency of the country where the good was sold.

Prices were measured as an index of 1966 prices; hence the actual 1966

price becomes 1.

A., Demand Alternatives and Their Effects

As discussed in the last section we have no demand curve
estimates that we believe with any confidence. Hence in the simulations a
number of alternatives were tried. One of the most noteworthy developments

in our calculations was that variations in the size of the own and cross-
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elasticities of demand had very marked effects on the results we got; this =
was true even though in every case all goods remained gross substitutes
and the Cobb-Douglas form was maintained.

The demand cases we tried can be described by (1) the absolute
size of the own and cross-elasticities (2) their relative size and (3)
whether money illusions was present (whether the sum of the price and
income elasiticities was different from zero)., The spectrum is defined
in the following table. The elasticities for a typical equation are
presented for each of the cases; the own elasticity is the largest

number in absolute value, appearing in the leftmost column.

Demand Alternatives: General Case

Case Price Elasticities Income

1. Normal; no money illusion -4 +1 +1 +1 +1
2. Normal; money illusion -2 .2 .2 .2 +1

3. Small Cross Elasticities;
no money illusion -2 .05 .05 .05 1.85

4, Large elasticities;
money illusion -7 2,01.01.0 1.2

As will be seen below, these small cross-elasticities turned out
to be virtually necessary conditions to get all the effects of sign and
size that have been customarily assumed in the literature on direct
investment,

Cases 1 and 4 led to the violation of the second order conditions

for the MNC, as will be discussed more fully below. Consequently,



TABLE 5

Export Displacement Effect

(Small Cross Elasticities; No Money Illusion)

Electrical
Chemicals Industry Machinery
Canada Germany Japan Germany | Japan
532 & Sy Identical
ds
dsyy/ 488,, 0 0 0 0 0
d |
4512/ 952 -0.04 |-0.06 |-0.05 || -0.06 |-0.05
45397 455, -0.001 | 0.0005 | 0.0002 || 0.003 | 0.0003
dS33/ Sy, 0 0 0 0 0
dSp/ 48y, -0.08 0.64 0.83 0.85 | 1.08
All Goods Different
dsyy/ dSyy 0 0 0 0 0
ds,,/ ds,, -0.04 -0.04 -0.05 -0.04 |-0.11"
ds,,/ ds,, -0.001 | -0.04 -0.02 -0.03 | -0.04
ds33/ ds,, 0 0 0 0 0
ds,,/ 45,, -0.002 |-0.30  [-0.64 || -0.52 [-6.32
MNC Alone
dsyy/ 45y, 0 0 0 0 0
ds;,/ dsyy -0.04 | -0.04  {-0.05 -0.04 |-0.11
Notes:

a. The relevant vector of derivatives of first-order conditions is
‘ omitted here since it was derived in essence in Section I1I.



TABLE 6

The Export Displacement Effect

(Normal Elasticities Case; Money Illusion)

Electrical
Chemicals Industry Machinery
Canada | Germany ‘| Japan Germany | Japan
829 & S49 Identical
ds;1/dSpp 0 0 0 0 0
ds,/dSy) 1.41 -0.50 - | -0.34 -0.84 | -0.26
dS4,/d59 0.03 0.18 | 0.04 0.32 | 0.01
ds33/d8,, 0 0 0 0 0
d845/485 -0.03 1.98 | 2.02 6.32 | 3.07
All Goods Different
ds11/d93, * 0 0 0 0
ds;,/457y x -0.50 | -0.33 || -1.22 | -0.51'
ds3,/95,, * 0.03 | -0.06 0.39 | -1.13
dS34/455, % 0 0 0 0
ds42/d322 %* 0.23 -1.61 7.07 |[-23.8
' M
ds,;/9827 * 0 0 0 0
d8,/%522 * -0.56 | -0.35 || -1.10 | -0.57

Note: (*) Asterisks indicate that the second order conditions for an
MNC manimum are not satisfied.
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the Tables and discussion below concentrate on cases 2 and 3.

Cases 1 and 4 demonstrated that the choice of the demand curve
often had a significant effect on the second order conditions for
the multinational firm., In a number of cases, what we thought were.
plausible elasticities turned the uppef left hand 3x3 block in Table
1 into a positive definite sub-determinant, which implies that the
equilibrium is a profit minimum rather than a maximum for the MNC,
The major culprit was the second diagonal term which should have been
negative: fl(l - tz)(R{2 + 32R22/asi2). The last element of this term,
which is always positive, must be outweighed by sz, which is always
negative. This frequently was not the case, particularly when the
size of the F,S. sales (R22) were large relative to exports from the
United States. This can be appreciated by noting that for the Cobb-

: R
"= _ -
Douglas case, Ry, = e112(1 e112) g%z and
12

32R22/33§2 = -eg12(-e979 -1)R22/Si2, where e;;, is good 812'5 own-
quantity. elasticity and €919 is the cross-quantity elasticity of good

2 with respect to good 1, Since 1 - e;q, must be > 0, RIZ is negative,
Now if for 1966 the revenue from foreign sﬁbsidiary’sales (R22) is much
greater than the revenue from U.S. exports (R12), then unless ey is
very near zero, the second positive term will outweigh the negative
term. This seems to indicate that we cannot have both the Cobb-Douglas
demand case, a rather high cross-elasticity of demand, and observed
sales levels that are widely different. The disparate levels of sales
that in fact existed in 1966 are also probably responsible for some

derivatives that are surprisingly large in absolute (though not percentage)
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terms--even when all second order conditions are satisfied.

The entire set of comparative statics analyses are presented in
Tables 5 through 14, There are two tables for each effect, reflecting
the selection of the two different sets of assumptions regarding
elasticities as discussed above. The format of the tables is identical,
Each presents results for three separate models: (a) the market when
Sgop and 5,9 are treated as identical goods without separate demand
parameters; (b) the market allowing S99 and 842 to be distinct products
with, however, the same own and cross elasticities as the others; and
(c) the MNC in isolation. For reference we set forth in the table
margins the column of derivatives of the first-order conditions with
respect to the given exogenous variable, which replaces successive
columns in the determinant of the relevant matrix of second-order con-
ditions as each comparative statics effect is calculated.

The Export Displacement Effect

Tables 5 and 6 present the comparative statics for a unit relax-
ation of the constraint on foreign subsidiary sales. The disparity of
the patterns in these tables reveal the variability of this effect,
in particular, with respect to demand conditions abroad. As one would
expect, the smaller the cross elasticities, the smaller will be the
shifts in the equilibrium quantities caused by dS,,. The "home-output
displacement effect," dsll/dSZZ’ is zero everywhere, since we incor-
porate our finding of constant marginal costs. Reading from the bottom,
the results for the MNC considered in isolation hold few surprises.

The export displacement effect, d812/d822, is invariably negative if .-,

N

the goods are substitutes as predicted by equation (11) above., If
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the cross elasticities are sufficiently large, however, we get the unusual
possibility for the Table 6-cases of the German and Canadian
chemicals industries,when cross elasticities are relatively large, that
dle/dSZZ < -1. This outcome is probably unlikely in practice and is not
observed in Table5 . It doubtless arises as a result both of the
Cobb-Douglas specification of the demand functions and the particular
numerical relationships among the specified own-price and cross elas-
ticities which affect the size and can change the sign of the second
diagonal element of the market matrix in Table 1, as mentioned above.

The sensitivity to specification underlies the variety of patterns
which are revealed in the full-market context. When all four products
are assumed to be differentiated and cross-elasticities are relatively
small, the Table 5-shifts in all equilibrium sales values with respect
to‘dS22 are negative as one might surmise on prior grounds. A puzzle
is the large displacement of native firm sales in the Japanese elec-
trical machinery industry which is repeated in the comparable case in
Table ¢ . What disturbs preconceptions, however, is that when cross
elasticities grow relative to own elasticities and all products are
differentiated Table 6 shows that the universal negativity of all
effects breaks down. Several unfamiliar patterns emerge. While
U.S. exports seem always to be diminished, the effect on native
firm sales and third country exports can become either negative or,
startlingly, positive, Similar positivity is evident when S99 and
S49 are constrained to be identical,28/

While the demand assumptions seem reasonable and have been used

by others some of our results seem empirically implausible., Consider
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the case where dS;,/dSpp < 0, 0 < dS35/dS,, < 1 and dS;5/dSpp > 1.
Baldly, interpreted, a unit increase in FS sales will displace U.S.
exports, encourage host country imports from third countries and
generate additional native firm sales of more than one unit. Are
F.S. sales an engine of growth? We think not. But we do not
hesitate to point out that our results reveal exceptions to common
expectations and to insist that the demand-parameter measurements
we seek are a prerequisite for policy to be aimed accurately.

Exchange Rate Changes.

Tables 7 and 8 provide the comparative statics for a devaluation
of the dollar relative to all other currencies. Our analysis is
necessarily incomplete for our model excludes macro-economic policy
relationships and therefore omifs all considerations relating to
price and income changes flowing from the international adjustment
process. A consequence of this omission is that both exporters'
home-market sales, S11 and 533, remain unaffected by the devaluation.

Nonetheless, the results tend both to confirm simple prior
expectations and therefore to reinforce belief in our approach.

Ceteris paribus, one would expect a dollar devaluation to increase

optimal MNC exports and to reduce its equilibrium level of foreign
production. This pattern is apparent in all instances, under both

sets of elasticity.assumptions. One would also expect optimal third
country exports, S32, and native firm sales, 842 to decline. Gener-

ally this is indeed the case. The possibility remains ( Canadian
chemicals and Japanese electrial machinery) that interactive demand effec=s
can reduce the incidence of the devaluation on Sq9 to the point ~

that dS;p/df; > 0.
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The magnitudes in Tables 7 and8 are meaningless without further
interpretation, The derivatives are expressed in millions of currency
units of good Sij per dollar change in the exchange rate, fl' Clearly
a dollar change in the 1966 exchange rate for any of these countries
would have been an enormous one (e.g. about a 4007% increase in the
German case). However, we can use the derivative to calculate the
effect of more realistic changes, say a 107 devaluation of the dollar
with respect to each currency. The absolute effect of such a devalua-
tion would be found by multiplying the respective columns by the follo-
wing constants: .0926; .0251; .000276; .0251; .000276.

In many cases the sizes of these effects seem quite reasonable.
Thus, taking the effect on U,S. exports to the host country as an ex-
ample, the absolute effects in the first non-zero row of Table 7 imply
the following percentage changes in export quantities (measured in 1966
dollars) for a 10% devaluation of the dollar: 237 for Canadian chemicals;
22,5% fo; German chemicals; 217 for Japanese chemicals; 23.5% for German

electrical machinery; 207 for Japanese electrical machinery. (see Table

Ab).



Table 7

Comparative Statics for a Change in Country 2's Exchange Rate?
(Small Cross Elasticities: No Money Illusion)

Chemicals Industry Electrical Machinery
Canada Germany Japan Germany Japan
322 & Sy Identical
ds,,/df; 0 0 0 0 0
as, /a5 0.11x10*  0.64x10" 0.60x108 0.41x10% 0.22x10°
a8,/ df; -0.014x10%  -0.008x10"  -0.003x10®8  -0.005x10%  -0.38x10
8s,, /45 -0.0007x10% -0.063x10"  -0.020x108  -0.041x10%  -0.25x10°
as,,/ 45 | 0 0 0 0 0
as, /45 -0.0001x10% -0.43x10%  -0.52x108  -0.69x10*  -0.44x10¢
All Gooés Different
ds,, /45 0 0 0 0 0
as, ,/ 4fy 0.11x10% 0.61x10% 5835x10% 38x10% 2207, f*
as,,/ df; -0.013x10%  -0,052x10%  -369.x10% -.040x10" -91x10%
855,/ 48 0.0007x10%  -0.059x10*  -190.x10% -.037x10% -22x104
ds44/dfy 0 0 0 0 0
ds, ) 4£; -.0011x10%  -0.45x10%  -5267.10%°  -.67x10% -3929x10
MNC Alone
ds /% 0 0 0 0 0
as,,/ 45, 0.11x10*  .61x10% 5827x10% 0.38x10*  2205x10%
as,y/ ~-0.013x10% -0.054x10*  -379.x10% -0.042x10%  -92.x10%

.. —
S

Note (a) The relevant derivatives of the first-order conditions in (7), (8) and
(9) taken with respect to f1, and transposed to form a row vector are:

0, -(1-ty) (dRpp/dSjp+dRyo/dS12), 0, 0, 0, O



Table 8

Comparative Statics for a Change in Country 2's Exchange Rate

(Normal Elasticities Case: No Money Illusion) /

Chemicals Industry

Electrical Machinery
Canada Germany Japan Germany Japan
Ezz;§ S4o Identical
ds,,/df; 0 0 0 0 0
as, /45, 2.09x10*  1,30x10% .85x108 1.34x10® L 24x10°
a5,/ d4fy -.87x10% -.069x10%  -,016x108 -.06x10%  -,00018x10%
85,/ 45, -.05x10% 525104 -,11x10 -.54x10%  -,01x10°
s,/ 4, 0 K 0 0 0
as, /%5 -.006x10% -3..51x104 -2.93x108 -8.89x10%  -1,89x10°
‘A1l Goods Different
dsllldfl * 0 o \ 0 . 0
asy,/ 4, * 1.40x10" .83x10% 3.69x10% 1.20x108
as,,/ df) * -.58x10: -.282x108  -1.78x10%  -1.91x10®
ds,,/ 45 * -.50x10 -.093x108  -1.36x10% .245x10°
ds33/df1 * 0 0 0 0
as, o/ 9, x  -3.8210%  -2,57x10° -24.52x10%  43.56x108
MNC Alone
dSu/ dfl * 0 0 0 0
gy, /a8 * 1.35x10% .81x10% 3.34x10% 1.17x10°
\~ds,,/ 4F1 * - .64x10% -.30x10° -1.87x10*  -1.66x10°
NOTE: Asterisks indicate cases Qhere the second order conditions for an MNC

profit maximum are not satisfied



Table 9

Comparative Statics for Tariff Change in Country 2.2/

(Small Cross Elasticities; No Money Illusion)

Chemicals Industry Electrical Machinery
Canada Germany Japan Germany Japan
822 & S49 Identical
ds,,/dr, 0 0 0 0 0
as,, /dn, 0.22x10%  -1.21x10*  -1.15x10°  -0.77x10%  -41.74x10"
85,147, 0.03x10% 0.02x10% 0.005x10°  0.01x10* 0.007x1(
s, /d, -0.04x10%  -0,90x10% 0.03x108  -0.53x10% 0.42x10¢
as,,/4, 0 0 0 0 0
ds, /47, 0.0006x10%  1.00x10" 1.00x10° 1.54x10% 83,03x10°
All Gooé; Different
dsy /97, 0 0 0 0 o
as, ,/dr, -0.22x10%  -1.22x10% ~1.15x10° -0.78x10% -41,92x10°
as,,/drs 0.04x10” 0.12x10% 00 7x108 0.09x10% 1.73x10°
as,, /dr, -0.04x10% -0.91x10%* 0.03x108 -0,53x10% | 0.37x10°
aS4/dry - 0 0 0 0 0
ds, /47, 0.004x10% 1.11x10% 1.04x10° 1.66x10% 74.,84x10°
MNC Alone
dsll/de 0 0 0 0 0
as, /47 -0.23x10" -1.23x10* -1.15x108 -0.79x10% 42.0x10°
885, /47, ~ 0.03x10* 0.11x10% 0.07x10° 0.09x10" 0. 2x10°

N—

a/ The relevant derivatives of the first-order conditioms in (7), (8), and (9),
taken with respect to r9 and arranged as a row_vector,
[ il

'. 1 !
Lo, (1-tp) 2}, 0, (1-tp) ¢3, 0, 0
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Increasing Tariffs in Country 2.

The comparative statics analysis of this case appears in
Tables 9 and 10. All other things being equal one would expect a
tariff increase in country 2 to reduce the MNC's optimal exports
to country 2 and to raise the equilibfium level of its FS sales.
This expectation is confirmed unambiguously in all cases. One
would also expect the tariff increase to protect native firms and
cause the optimal level of 842 to rise. This expectation is also
largely confirmed with Japan's electrical machiﬂery industry being
a possible exception. |

Somehow, a uniform tariff increase might be expected to reduce
imports from all sources especially when the import products are
similar, though not identical. Our model, however, tells us clearly
that this need not Se the case. There are several instances where
dS32/d¢2 > 0. When cross elasticities are small, these cases are
confined to Japan. But when the cross elasticities are larger
(Table 10) dS32/d72 turns positive more frequently. There is no

obvious explanation for this unusual result,

The Effect of a Rise in Country 2's Tax Rate.

Tables 11 and 12 set forth the relevant comparative statics.
All others exogenous factors held constant, one would expect a
rise in t, to raise equilibrium MNC exports and reduce optimal
F.S. sales. This result is apparent in all versions of the
model under both sets of elasticity assumptions.
;‘ It is inter;sting that thé effect on native firm sales,

dshz/dtz’ is usually also negative. It is well known that corporate



Table 10

Comparative Statics for a Rise in Country 2's Tariff Rate

(Normal Elasticities Case: No Money Illusion)

Chemicals Industry

Electrical Machinery

Canada Germany Japan Germany Japan
822 & 842 Identical
ds,,/dr, 0 0 0 0 0
@, , /ar, -3.82x10% -2.39x10% -1.64x108 -2 44x10% -.458x108
8
as,,/dr, 1.64x10% .142x10% .032x10° .117x10%  .0003x10
as,, ldr, .055x10% -.082x10% .218x108 .358x10% .020x108
0 0 0
dS33/dT2 0 0
4 ~ 4 8 4 8
All Goods Different
* 0 0 0 0
dsy,/dr, .
N 4 8 4 8
8
ds,,/dr, * 1.71x10% .685x108 5.94x10” 3.91x10
ds,,/dr, * .356x10% .221x108 3.86x10" -.502x10°
4 8 A 8
ds,,/d7, * 11.72x10 6.25x10 82.08x10°  -89,0x10
MNC Alone
4 8 4 8
as,,/ar, * -3.89x10 -1.98x10 -11,16x10 -2,39x10
asy,/ dr, X 1.83x10" 735x108  6.23x10  3.39x10°
NOTE: Asterisks indicate cases where the second-order conditions for an MNC

profit maximum are not satisfied.



Table 11

Comparative Statics for an Increase in Country 2's Tax Ratea/
(Small Cross Elasticities: No Money Illusion)

Chemicals Industry Electrical Machiner

Canada Germany Japan Gérmany Japai
Szé & S;o Identical
dsn/dt2 0 0 0 0 0
as ,ldt, 0.31x10% 1.94x10* 2,55x10° L2selot 1.02x10°
s, ,ldt, -0.05x10% 50.03x1o4 -0.01x108  -0,02x10%  -0,02x107
s, /e 0.05x10% 0.77x10*  -0,08x10° 0.43x10%  -0.11x10’
ds33/dt2 0 0 0 | 0 0
ds,,/dt, ~0.001x10* -1.48x10% -2,21x108 -2.29x10% -2.04x10°
All Goods Different
dsuldt:2 0 0 0 ) 0 — 0
as, ,/dt, 0.34x10% 1.98x10% 2.56x10° 1.27x10% 1.03x10'
as,, /dt, -0.06x10*  -0.18x10%  -0,16x10°  -0.L4x10*  -0.04x10’
855, /dty 0.05x10% 0.78x10*  -0.08x10° 0.43x10*  -0,001x1(
ds35/dt, 0 0 0 0 0
as,,/dt, -0.005x10%  -1.66x10%  -2.31x108  -2.48x10%  -1.84x10'
MNC Alone
as,, /dt, 0 0 0 0 0
as, /4t 0. 34x10% 1.98x10° 2.56x10° 1.27x10" 1.03x10
a5,/ dt, . -0.04x10% -0.18x10% -0.17x108 -0.14x10" -0.04x10

a/ The relevant wector of derivatives of first order conditioms, (7), (8) and (9),
with respect to t, is transposed:

[0 f; (3R92/3S12 +bR12/°S]_2) - (I—TZ)C]_’ 0, £, (3R32/3332) - (1'*"1'2)(:3: s 0]
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income tax changes do not change the optimal output decisions of
one-country firms considered in isolation. Clearly, an excgption
to this rule may emerge when the firms are considered in a market
context, as a consequence of the shift of demand to imports.

This shift is not complete, however. For reasons that are not
obvious, the tax-rate change may move the equilibrium level of
832 either upwards or downwards.

Comparative Statics for a Change in the Cost of Capital

The cost of capital, denoted above by r, is just another cost, ome
element of the annual rental price of a unit of a firm's capital stock
(CCAP)., This annual rental price appears in the Cobb-Douglas cost
functions, equations (13) and (14) above. The rate of change of costs
with respect to changes in r is a function of the capital elasticity
b:'aC/ar = bC/ccap.

For a single firm producing one product whose price and marginal
revenue is unaffected by changes in r, it is clear that an increase in
the cost of capital causes a reduction in the equilibrium output of
the firm, However, there can be many variations on this theme when
a production process becomes one of many in a multinational firm, First
is the question of the dependence of the marginal revenue curve of a
given product on the prices of substitutes, these latter perhaps being
affected by the increased cost of capital. Second is the question of
whgther the cost of capital for operations in one locale is related to,
independent of, or identical to that in another. Independence, of
course, will be the rule if the international capital market is perfect,

It might be true only for all operations of a given MNC if the MNC can
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overcome imperfections that beset smaller, native firms,

Tn this comparative static calculation we assume that all oper-
ations of the MNC possess the same cost of capital, .25 on a gross
capital basis, but that it is at least partially independent of the
cost of capital of native and third-country firms. Of course, alter-
native variations can easily be computed.

In the small elasticities case, Table 13, we see that, if the multi-
national firm is taken in isolation, the sign of the changes of sales
is negative apart from two exceptions. One would expect these exceptions
to the one good case to muitiply as one gave fuller play to cross elas-
ticities of demand--by either increasing the cross-elasticities directly
or embedding the MNC in a wider market,

And that is what we see in ‘the tables, In the normal elasticities
caée, Table 14, the exceptions increase to four, still taking the MNC
in isolation. In the 6x6 market, even when cross elasticities are

small, there are numerous cases of dslzldr and dSZZ/dr being greater

than zero.



' TABLE 12

Comparative Statics for an Increase in Country 2's Tax Rate Y
(Normal Elasticities Case: No Money Illusion)

Chemicals Industry Electrical Machinery
Canada Germany Japan Germany Japan
822 & S42 Identical
dsy,/dt, 0 0 0 0 0
/dt
d8,,7%% 5.45%10% 3.9310% 3.65410° 4.01s10% = 1.13410%
dt ’
dsy,/dt; -2.34%10% - .22410% - .07%108 - .19%104  -.0008%108
dsg,/dt, - .08x10* - .56%10" - 494108 -1.03x10%  -.05 108
(dsg4/dt, 0 0 0 0 0
A 4 8 4 8
ds,,/dt; - .02#10 . -11.3 %10 -12.66%10°  -27.56%10 -8.94%10
All Goods Different
clsu/dt:2 N 0 0 X o o
dsy,/d¢, * 6.64+10" 4.48%10°  20.68%10" 6.04%10°
489574ty * -2.82%10" -1.52%10°  -10.05%10*  -9.60%10°
dsg,/dt, * -1.34%10" - sox10® - 7.04%10" 1.23%10°
dsy3/dt, * 0 0 0 0
ds,,/dt, * -19.07+10" -13.86%10° -138.56%10"  218,50%10°
MNC Alone
ds;q/de, | 0 0 0 0
ds../dt
12/ dt2 * 6.50%10" 4.39%10°  18.86%10" 5.87%10°
d .
dSjp/dty * -3.05%10% -1.63*10°  -10.53%10" _8.31%12°
Note:

*Asterisks indicate that the second order conditions for an MNC profit maximum
are not satisfied. ’



Table 13

‘

' 9
Comparative Statics for a Change in the MNC's Cost of Capital )
(Small Cross Elasticities; No Money Illusion)

Chemicals Industry ' Electrical Machinery
Canada Germany Japan Germany Japan
S & Sy Identical
ds;,/dr -17.93 -17.93 -17.93 -18.25 -18.25
8, /dr 0.53 -1.16  -l.25x10% -0.74 .-9.45x10:
ds,,/dr -17.51 - -1.,75 36.35 -1.18  -0.47x10
ds,,/dr 0.02 0.12 417.1 0.08  0.51x10"
: d833/dr_ (] . 0 0 0 0
a5yl | 1.39 -0.29 1.08x10" 0.33 0.89x10"
All Goods.Different
- sy, /ar -17.93 -17.93 -17.93 . -18.26 -18.26
\“‘dslzldr - 1.10 -1.02 1.25x104 -0.66  0.45x10%
ds,, /dr -32.66 -5.78 0.07x10% -3.79  0.02x10%
dS,,/dr 5.03 0.35 0.04x10% 0.19  0.45x102
dSga/dr o 0 0 0 0
4545/ dr o 7.85 72 1.14x104 3.45  0.81x10%
MNC Alone
ds;q/dr -17.93  -17.93 -17.93 -18.25 -18.25
as,,/dr 1.11 -1.02  =1.25x10% -0.65 =0.45x10%
Asyyldr 3262 -5.77 0.07x104 -3.79  0.02510%

o’

9) The relevant derivatives of the first-order conditioms in (7), (8)’and (9,
taken with respect to the cost of capital, r, and transposed into a vow vector
. are:

[ a-tpcieci/or), (1-t2)Ci(l+r)dci/dr, £5(1-t,)CHC',/dr. 0, 0, 0 ]



Table 14

Comparative Stati'cs foran Incredse in the MNC's Cost of Capital

(Normal Elasticities Case: No Money Illusion)

Chemicals Industry

Electrical Machinery

Canada Germany Japan Germany Japan
EZZ & S,, Identical
ds,,/dr -14.90%10" -14.90¢10"  -14.90%10*  -15.25%10% -15.25%10"
dslzldr -3,63%10" ~2.83%10" '-1.98*108 -2.92*104 | -.549%10"
ds,,/ dr 1.13#10*  .o36r10” .036%10° .056x10% ,0003%10°
ds,,/ dr .093%10" 1.13%10" .267%10° 1.17%10%  .025%108
dS33/dr 0o . . 0 0 0 0
ds,,/ dr .040%10™ 7.57*104 6.86*108 19.27*104 4.36 8
All Goods Different
ds,,/dr * -14.90%10%  -14.90%10% \ -15.25%10%  -15.25-.0"
ds,,/ dr * -4.26%10%  ~2.43%10%  -13.28%10%  -2.94%10f
ds,,/ dr * 1.26+10% -0,81x108 6.09%10" -2.94%10°%
ds,,/ 4t * 1.62%10% .27%108 4.95%10% . -,598%10¢
dSq4/dr * 0 0 0 0
ds,,/ dr : * 12.42%10% 7.53%10° 89.08%10% -106.16%10°
MNC Alohe
dsll/dr * -14.90%10" -14,90%10%  -15.25%10" ~15.25%10"
dslz/dr ' * | ~4,12%10" -2.38%¢10°  -12.01%10%  -2.8e*10°
855/ 9% : * 1.43%10 .87%10° 6.39%10* 4.0 10"
NOTE: Asterisks indicate that the second-order conditions for an MNC profit

maximum are not satisfied,
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V. Concluding Remarks

The comparative static results are the end of our story. They re-
veal to policy-makers, we think, the dangers of ignoring market inter-
actions between the MNC and its competitors and acting on simple
assumptions which do not take these.effects into account,

To economists and policy-makers we hope a further, theoretical,
implication comes through, It is possible to model the trade-direct
investment nexus., By deriving and estimating the demand and cost func-
tions of the major competitors in a market, it is then possible to
answer the question so many have despaired of answering: what would
have happened if the direct investment had not been made?

But successful prediction requires an accurate picture of the world.
As is so often the case, the accuracy of our view of the trade-direct
investment nexus is marred by severe empirical problems, To fully test
this model we especially need the data to permit more refined estimates
of demand functions. ;t is to be hoped that modern demand theory,
the thrust of which is to estimate demand systems rather than functions
for individual products in isolation, can find a useful application
here.

In the matter of cost function estimates, too, further advances
are required though we believe our work has made useful progress. It
is too frequently asserted that MNC's enjoy scale economies, and too
many predictions are based on this assumption, for our finding of
everywhere conétant returns to scale to go unquestioned, And if MNC's
produce identical goods at home and abroad, data refinements will

have to be sought to make comparable cost function estimates from



-39-

different parts of the world, This last is an important issue in the
study of the causes and balance of payments and employment effects of
the international migration of specific industries,

Finally, a few caveats, Our work is hardly the last word on export
displacement. Our model perforce elided the problem of trade in inter-
mediate goods., It cannot accommodate the macro-economic changes which
accompany the international adjustment process, It also is non-dynamic
and thus does not incorporate restrictions on substitutability that
might be required for dynamic stability, 1In its present version it
ignores uncertainty, Finaily, we have calculated only the effects of
small changeg in exogenous variables; we have not solved the model for
its equilibrium values or simulated the effects of largé displacements
from an initial equilibrium. These sins of omission should be corrected

in future work. We hope to have made a fruitful beginning.
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Appendix

The Cobb-Douglas cost function as described above (equation (13)),

makes costs (C) a function of output (Q) and:

w = the wage rate
ccap = the rental price of capital services
Pm = the price of a unit of raw materials
A = the constant term of the corresponding Cobb-Douglas pro-

duction function

a,b,c = the elasticities of output with respect to labor, capital
and raw materials; since returns to scale are constant
c=1-a-=-b,

Thus we have the functional relationship:

A _ w2 ccap? Pn°
<A1.) c(@) -[ — 5 CC]Q

It would appear that once A, a, b, and c are estimated from the
production function it should be an easy matter to plug in the proper
values for wages and the costs of other inputs and then calculate costs
for any level of output,

However, there are intricate problems‘of scaling A, w, ccap and Pm
that have made the derivation of our cost functions a difficult task,
The major problem is that the estimate of A for the production function
is affected by the units of measurement of all the independent variables
entering into the production function. The size and the units of
measurement of A change as the definitions and/or units of meaéurement
of A change. The problem of deriving cost functions from the pro-
duction function estimates really boils down to making the proper
transformations on either the received values of A or the input prices

-

(w, ccap, Pm) in order to express the composite term bracketed in
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equation Al in the units , dollars per unit of output. This unit of
output must correspond to the units in which output is measured.
A detailed discussion of the scaling transformations necessitated

in this study can be found in Adler, et al. [ 2 ], Chapter 1I. Here

’
we will briefly go through our procedures.

As mentioned in Section III, labor input was measured as the wage
bill; this can be interpreted as a weighted average of labor inputs of
different qualities [Z wiLi] or as the wage times labor input of a
single skill category. We assumed the former, but for illustrative
purposes will hére assume the latter. It can easily be shown that, for
a Cobb-Douglas production function, measuring labor inputs in dollar
values (at some base year price, w) does not change the estimate of the
elasticity a but does change the estimate of A by the factor GA, where
g‘is the estimated value of the true labor elasticity, a. This can be
understood heuristically by noting how the constant term can be changed
inQ=A La Kb when WL is substituted for L; we then have:

Q = AGD K = ) Pk - al 12K,
where A1 now equals Aﬁa. Likewise, in a regression for this type of
function, multiplying any variable by a constant (k) changes the value
of the estimated regression constant term by the factor ke, where e is
the exponent of the variable in the production function.

In our regressions all variables were expressed in base year price
units; let ;, E, ;, ;m be the base year price unit for output, the
capital stock, labor and materials. We also have an added problem that

we need a measure of capital services, cs , rather than a measure of

capital stock., By arguments identical to the previous one, it can be

o
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shown that the estimated constant term of the production function (A)
is related to the estimate we desire and would get if everything were

measured in quantity units (A¥*) by the following formula:

A - —.—%—F_‘;*f"ﬁ :
w q ﬁm :
where all the symbols have been introduced except x, the ratio of capital
services (cs) to capital stock: c¢s = xK,

We need A* in the denominator of the cost function and we do not
have x and the base year prices, ;, ;, E, ;m that are distorting the
estimate A. We can, however, undo the effect on A* by expressing the
price variables in the cost function as appropriate price indices--thus
basically multiplying or dividing factors that multiply A in equation Al, rather
than changing A itself, It can be verified that if we express each
inﬁut price in equation Al as an index with the same base as was used
in the estimation of the production function (i.e., with bases ;,‘H,

;ﬁ), then the overall cost function will be identical to the one in

equation Al, Thus we calculate costs, for any spectrum of input prices

and output levels, using the following:
A A A
w\2 (x.ccap>b(Pm\c
q

W

A 4708

=) \pg/

(A2) €@Q = Pn’ _ @q)

It should be noted that the value x times ccap is the cost of a
unit of capital service times the number of units of capital services
per unit of capital stock: i.e., the cost of the value of capital
services produced by one unit of capital stock. This latter is equal,
under our assumptions, to q{(r + d - é/q), as defined in Section III,

Finally, it should be noted that when calculating costs for the
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input prices that existed in the base year, the term w/w and pm/pm both
become 1, and x-ccap/q becomes r+d-a/q.
II, Data
The first table in this section shows the balance sheet and income
statement data gathered from foreign subsidiaries in the 1966 Census,
Succeeding this are the1966 values for 8195 S99 S39 and So4
for each of the five country-industry cases. Finally, we report data

used to estimate the native firm production functions.
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Foreign Subsidiary Data

B Table Al
12-31-66 (or date)
In currency used on
ltem books of allied foreign
organization
(Specify)
Note: Lines n and t should equal line j.
ASSETS 28
0. Cash, government securities and other cash items
b. Trade accounts receivable
¢. Inventorics
d. Other current assets
e. Total current assets (line a - d)
. Investments in& advances to subsidiaries, affiliates & branches
g. Property, plant and equipment, at cost
h. Less: Accumulated reserves
i. Deferred charges and other assets
j. Total assets (line e-1)
LIABILITIES
k. Current liabilities
. Long-term debt
m. Other liahilities, including underlying minority interests
n. Total liabilities (line k - m)
NET WORTH OR SHAREHOLDERS' EQUITY
- o. Capital stock
p. Capital surplus
q. Retained earnings or earned surplus
r. Surplus reserves
s. Home office account of branches, net proprietorship
account, or partnership account
t. Total net worth or shareholders’ equity (line o - s)
o - N Year ended 12-31-66 (
In currency used or
books of foreign
[tem organization
(Specify)
INCOME 1]
Net sales of goods or services, total
Dividends, interest, profits, royalties and fees received from foreign secondary operations
Other income (Identi!y principal type)
Total income (lines a - ¢)
COSTS AND EXPENSES
Costs of goods and services purchased
Compensation of employees
Depreciation, amortization and retirement of property, plant and equipment
Depletion of natural resources
Interest
Taxes other than income taxes (include excise taxes levied on company if included in line a)
Provision for forcign income taxes
Ot “wosts and charges, including adjustment for underlying minority interest share in profit or loss
(Siag: -1y major items)
Total costs and expenses (lines e - 1) -
Net income after foreign income taxcs T o
Unrealized profit or loss on books of parent organization resulting from exchange revaluation
Net income after adjustment for exchange revuiuation T
LIt TA T T LT AT I sA e N N PRI B A N PR | M Yva
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Footnotes

1
Compare, for example, the contrasting views of Benoit {5] and

Barber [47.
ZAn exception to this rule is Branson [6].

3This assumption of partial substitutability admits the claim made
by industry that goods manufactured abroad by American and native firms
may be specially designed for local markets, This "local model" thesis
however, may not be as plausible for chemicals as it is for electrical
machinery. The unlikely possibility of complementarity between pairs
of product aggregates as large as the ones we deal with can be incor-
porated via negative cross-elasticities.

4Stevens [16] has shown that a world-wide profit-maximization model
served better to explain the direct investment activities of U.S. MNC's
than several alternative hypotheses. Horst [11] also adopts this be-
havioral assumption. In analyses of domestic investment it is customary
to make the model operational by asserting that the firm maximizes the

present value of its cash flow = S(pQ - wL - qI - rB + dB/dt)e rtdt sub=-
ject to a production function constraint. Assuming that market para-
meters are independent of the firm's investment rate and given perfect
capital markets so that r is constant and dB/dt - rB drop out, the
objective reduces to the myopic maximization of profits during each
period with respect to labor, capital and price where profits =

pQ - wL - K(r +d - q/q). Stevens [17] has recently shown that under
uncertainty, somewhat similar expressions, including means and covari-
ances of random variables, can be substituted for these hypothetical
objectives. In the context of the MNC, Adler [ 1] has argued that the -
perfect capital market assumption is equivalent to assuming that exchange-
risk can be hedged costlessly, no constraints on money-capital flows

and that stockholders all reside in one country. Under certainty, re-
strictions on capital flows can be incorporated in the form of a money
capital constraint on the financing of the FS. Under uncertainty they
produce an optimal foreign investment decision after which global maxi-

mization can proceed, These nuances of imperfect markets are omitted
below.

5The possibility that the FS. produces for export to the U.S. or
third countries merely produces analytical complexity without additional
insight, 1t is therefore omitted for convenience.

6¢cf. Henderson and Quandt [ 10}, p. 182 and Allen [ 3], p.359,

7Cournot duopoly reaction equations could be specified by solving
(7a), (7b) and (7c) for S,y in terms of S40 and (9) for 842 as a func-
tion of Syp. We omit this exercise because it adds nothing to our
investigation, In particular, such reaction equations would not serve
to identify or illuminate the alternative position.
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8An aralysis of the requirements for the dynamic stability of the

system can probably determine the sign of the determinant, particularly
since we assume that the goods in this market are gross substitutes,

a case for which many theorems on dynamic stability exist (see, e.g.,
Quirk and Soposnik [19], pp. 210-215). 1In fact, in all relevant cases
the sign of the 6x6 determinant turned out to be positive, the sign
required by Metzler's theorem on stability.

However, we are reluctant to assert that the determinant of the
market matrix must be positive without considerable further analysis.
Since our system is one of imperfect competitors it cannot immediately
be analyzed out of equilibrium in terms of excess demand functions.
Second, the usual procedure for a dynamic analysis is to assume prices
as the independent variables; we have taken the alternative route
making quantities the independent variables, thus necessitating a trans-
formation of our system or the available stability theorems.

, IFor example, if returns to scale are diminishing at the margin,
¢’ >0. An increase in Sy, will reduce S and also cause marginal
p}oduction costs, Cl’ to fall, Sl}hmust therefore rise in order to

. ” 4 . . . .
maintain R; = C1 as is required. e case of increasing returns to
scale is symmetric,

10Theoretically it is not difficult to introduce an input into the
production of S99 exported from the home country--perhaps part of the
production of Q=817 ¢+ 812. Then the total export effect of direct
investment becomes the sum of the intermediate effect and our export
displacement effect,

It has been impossible for us to separate exports from the U.S.
in our industries into intermediates to subsidiaries and other sales;
therefore we have attributed all exports to S,,, sales to unaffiliated
parties. Naturally, for precise estimates of the various effects we

seek it is necessary to separate U.S. exports and materials inputs for
subsidiaries into their components,

1lye would like to reiterate our gratefulness to the people at
BEA who supported and implemented the idea to develop a system which
made research possible while preserving the confidentiality of the
underlying data. Dave Devlin, formerly Assistant Director for Inter-
national Economic Analysis, played the major role in promoting the
System. Arnold Gilbert has done and is doing an excellent job in
developing the necessary computer programs and is overseeing the com-
pletion of the actual research projects,

12Total market sales were obtained from the sources indicated in
the Appendix for each country table. Foreign subsidiary sales are
preliminary figures obtained from the Bureau of Economic Analysis.

3There is a possible third justification for our preference.
Our data do not distinguish between raw materials and processed or
manufactured inputs. The latter may substitute for labor and capital.
Consider a refrigerator manufacturer., If outside suppliers deliver
his sealed motors, they will substitute for the labor and capital that
would otherwise have had to be used in their own manufacture., Further,
manufactured inputs can be used in varying proportions: outside sup-
pliers could provide shelves and racks as well, In short, one would
expect the coefficients of labor and capital to add to less than one
in this case, However, this would not be evidence of declining returns
to scale. Stevens wishes to disassociate himself from this footnote
since the cases where materials can be validly excluded from the re-
gression need have nothing to do with the degree to which they have

T i i mmemmmam 3
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Yithe measure of purchased inputs, referred to above as materials
was constructed in two alternative ways, both of which led to virtually
identical results. A measure of ''costs of goods and services pur-
chased'" was collected directly in the 1966 Census, Since the in-
structions to this entry were somewhat ambiguous, we also measured
purchased inputs directly as a measure of output minus value added.

The latter performed consistently, but marginally, better in terms of
R4 and t-ratios, so it was used in the '"best' regressions.

15See, e.g., Walters[18],
16These, of course, are equal for constant returns to scale,

173ince none of the production functions estimated with native
firm data was uniformly superior to the others, one of the criteria
used to choose the best production function was its ability to explain 1966 costs
with reasonable values of the cost of capital. For the foreign sub-
sidiary sample, the best production function also turned out to explain
sample costs the best, in terms of the average error of prediction
for the sample. '

19Jorgenson [131.

0Hall and Jorgenson [ 9],

2
Lcoen (71, p.184

22perfect capital market models such as Lintner's [14 ] can be extended
to the international setting by including exchange risk which produces
the equivalent of heterogeneous expectations. Theoretically, the MNC's
cost of capital will then be invariant to financial decisions which do
not introduce any risk of default. The cost of capital will not, how-
ever, be invariant to investment decisions which change the firm's
systematic risk, a nebulous concept which cannot be measured with ex
post data when expectations are not homogeneous, 1In the face of these
difficulties and in the absence of appropriate data, we are forced to
rely on others' estimates.

23 . ]

The S., were measured as values in constant 1966 prices, It
should be clear that P;, and P;, are merely proxies for the relevant
prices, i.e., the 1oca} selling price of U,S. and other countries'
exports, These latter, of course, were unavailable, Further, national
income is a proxy for the relevant activity variable: owing to multi-
collinearity we chose not to employ total local consumption, i.e.,
total sales-exports, S,, was corrected for exports and therefore re-
presents total local output for local use. Sources of quantity and
income data are given.in the Appendix, Price data and trade weights were
provided by Helen Junz.

The inadequacies of data availability, e.g., short time-series and
high levels of aggregation further prevented any attempt to estimate
the demand functions as a system. Consequently, the regression for each
product was run independently, without constraints on the coefficients.
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24We can express the price cross elasticities, BSI/BP-, in terms
of the Slutsky compensated price elasticities, df; /apJ = 3%j/api, and
income elasticities:
3Si/®p; = of; i/3pj + S538;/3Y = 3f;/%p; - S38ia4 /Y when Si is defined
as in Ehe text. It tﬂen follows for i# i, aS = 35;/%; +
S; S (ay j4 - 14)/Y. The cross elasticities w111 d1ffer 1f the income
elast1c1t1es differ, The size of the difference will also depend on
S;S;/Y. For large product groups such as ours, this quantity may not
be less than 1,

25Since the likelihood of multicollinearity in the inverse demand
function is so very high, it is not a useful empirical specification.

26Howard Howe pointed out to us that these results could be the
outcome of capacity constraints in the foreign markets. In the face of
such constraints, measured price elasticities would appear to be low
while income elasticities especially for imports might appear to exceed
1 owing to scarcity. While this explanation seems plausible it is un-
suitable, for our model assumes that ''mormal conditions" prevail. In
addition, however, many other problems plague our demand estimates.
Data deficiencies have already been mentioned, Moreover, there may be
errors of specification, Clearly, fruitful work remains to be done in
this area,

27See, e.g., Samuelson [ 15], p. 63 ff,

28Positivity of dS42/dS may result in a scenario such as the
following. The rise in S,, #ill produce decreases in-RHy and Pjj.
The price of S,, must then decline merely to maintain S,p at a constant
equilibrium level, If, however, the result of relaxing the constraint
on Sp9 is to reduce the MNC's optimal exports, Syp, then P12 will rise.
Erstwhile customers of S;, will then turn to S;5, the equilibrium level
of which will also rise. The net effect of these offsetting forces
leaves the sign of dS,5/dS;5 generally ambiguous.
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