











. . determine the net effect we must compare rACl with t:I-tz—bt1+c
c t

. . A%ran§fer price of Aql implies that zero grade profits are declared

by the exporter and therefore no tax costs are paid by firm I on exports.
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o rotation effects. The ad valorem tax effect e:;yands tradé when firm 1 :
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{s thé high tax firm and contracts trade when the “importer faces the
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. higher tax rate ause the low _yransfer price allocates all trade

-

.« prpfits to the ifiporter. , The ad valorem tariff éffect contracts trade ‘ i

since as, trade expands ACy rises and tariff costs increase. Where . )
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Jfirm 2 is the high tax firm both ad valorem effects contract trade but e
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where firm 1 has the higher rate the effecté" are contradictory. To
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T, Firm 2 pays unit tax and taviff costs of (té + htl - e) (P2 - Acl) + v

. e

L

r(l—tz- &.D+c.)AC1 on imports. Since all trade profits are allocated to
g WA ‘

the importer high per unit tax costs are paid n(which are, however, ‘
; ) s N

. °. less than what would have been paid by firm 1 had all trade profits been

o
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declared there since firm 1 has the higher tax rate). Also the effective -
tariff costs are somewhat larger in this case than if firm 2 had been -

the high tax firm since the tax deductions are smaller. '
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The rotation egfects can be subdivided into tax and tariff
effects. Fhe rotation tax effect contracts trade when firm 1 has the
higher tax rate éince ag trade contracts per unit trade proﬁits declared
by firm¢i rise. Where firm 2 has the higher rate trade expands‘causing\
unit profi.té of firm 2 to contract. The rotation tariff effect contracts

trade since as trade fallgs the transfer price declines and tariff costs
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"fall. When firm 2 has the higher rate the nét rotation effect depends *

og;fﬁe tarlff rate compared to the ratio of the tax differential over
o N

" the after tax return to firm 2.° When firm 1 has the higher rate both

°

3

rotation effects contract trade.
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Trade Effects

~

Table VI.3

13 o

Trade Effects Where Pm, Equals AC,

\

Firm 1 has

Firm 2 has

3

Actual tax rates

higher tax rate | higher tax rate | are equal
ad valorem _ oo
tax .| expands contracts no change °
tariff contracts contracts contracts
rotation ) o ’
tax : contracts | expands no change
tariff contracts contracts contracts

’

Where .the tax rates are equal trade unambiguously contracts.

Where £irm 2 has, the higher tax rate the ad valorem tax effect outweighs

N
.

7

°

4

the rotation tax effedt as long as Yl is positive. Therefore, in

‘general, trade contfacts when firm 2 has theohigher or. the same tax

rate as the parent firm. If the tariff effects are strong, and firm'1

has the higher rate, trade also probably contracts.
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- Profit Maximization Where sz is Based on Mcl
\\ »
, The profit maximizing \(\:ondition becomes: . -
\ .
t,~t,~bt.+c A t,~t,~bt.+c
L2 1 e MO - ot L e
MRy T ToE, ey URpMO ] Gy MGy - g e MO MG | e,
N 3 ° L
gyl L ax, ~ M2 =M '

2

reduce

1

to zero. Ignoring the transfer price initially, the 'MNE will

L

expand trade if the.exporter faces the higher tax xate since throhgh

trade there is the possibility of tax reddction. The higher the transfer

o

@rﬁée,'however, the larger the per unit export profits \allocdted to firm

1 and the smaller the tax sayings from frade. Where Pnb\is based on

B

M&If(and,tﬁérefore also equal to MRl) these two conflicting factors

negate

o

‘one anothes.’ Similarly if firm 2 has the higher tax rafe’ the

4

MNEf%refers trade contraction but the higher is sz, the pore profitable

ﬁs-tfadé'expanéion. The effects cancel one another if the transfer
LY ' v,

i

price is an equilibrium price. However, the ad valorem tariff effects

[+
Jremgin

levied

. ng
and undpbiguously contract trade since tariff costs of rMC
KN i

’V\

are
1

on each unit of exports. The total ad valorem effects are there-

fore unanbiguously“trade contractifig for all tax rates.

2

The ;okptidn tax effect cqusés trade contraction if firm 1 is

o o L4
the high tax firm and expansion when firm 2 is the high tax firm since

as trade expands per unit profits of the exporter increase while those

.q .
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of the importer £all and vice versa if tradd contracts. The rotation

unit tariff costs decline.

Trade Effects Where Pm, is Based on e,

Trade Effects

r

Table VI.4

‘Firﬁ 1%has

Firm 2 has

i

n

N

i

Actual tax rates

" tariff effect causes trade contraction because as trade contkacts per

higher tax rate | higher tax rate | are equal
ad valorem
tax no change no change no change
tariff contracts contracts contracts
rotation ) i
tax contracts expands ! no change ~
tariff contracts contracts contracts
\ ¢ -
+ N ,}
Where tax rates are equal or firm/l has the higher rate

trade declines unambighously; however, where firm 2 has the highe

i

the results are uncertain.
Profit Maximization Where sz is Based on ARz
The profit maximlzing condition becomes:
t,~t,~bt. +c t.~t,~bt,+c dAR
1 72771 1 72 °71 2 _
MRy + T ge ARy MRy T+ raR,y + [3TTe o vy = MOy
2771 2 771 2
ti—tz—btlﬂ
I-t,-bt +e [AR,-MC,] + rAR, = MR, = MC, .

r rate
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This expression igs left in terms of shifts in MRl and Mcl rather than

MR2 and MCZ because of the complexity of the expression if written in

terms of shifts in firm 2's curves. The results are not changed in any

’

manner., o ,

3

k4

Since the corporation equates MR2 = MR, = MCl = MC2 in maxi-

1

*mizing profits and AR2 at least equals MR, it must also follow that

2
both ARZ-MRl and ARZ-Mcl are greater than or equal to zero. Therefore

when firm 1 has the higher tax rate the ad valorem tax effects contract .
t

trade and where firm 2 has the higher rate trade expands because the

+

corporation is setting a high transfer price théi allocates allégrade
3 } i

profit to the expgrter. The ad valorem tariff effects are trade hontgfctin§
due tB the high transfer price and consequent tariff cost;. ‘Tﬁgrefore, if )
firm 1 has the higher rate the adqvalorem effects reinforce one "another
but if firm 2 has the higher rate we must compare rAR2 with
ty~ty~bt,+e . .
[ARz-MRl]. If the ad valorem tariff effect is stronger trade

1-ty-btyte \

contracts while if the tax effect dominates trade expands. This result
also holds for transfer prices based on AR1 where the importing firm

faces th% higher tax rate.
] .

° In terms of the effects of setting sz equal to AR2 on export

]

{
profits, firm 1 pays taxes on export profits of tl(PZ - Acl)Mz to

+

<

government 1. Firm 2 declares losses on imports since trade costs are
1+ r)P M while trade revenues are P,M - Assuming these losses are 7.
deductible from other income firm 2's tax and tariff import costs equal
[(t2+btl—c)(P2~P2) + r(1~t2-btl+c)P2]M2. Therefore the importer pays

B
no taxes on import profits and effective tariff costs are reduced by

one minus the actual tax rate. 4

- }
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Ed 1

Since the Pm, - M, relationship is negative, expanding trade
allocates more profits to the importer and less to the export:ex(:'. The
rotat:lon'tax effect therefore expaqu trade when firm 1 has the higher
tax rate and contracts trade where firm 2 has the higher rate. The
rotation tariff effect expands trade since trade expansion lowers the
transfer price .and therefore tariff costs. Where firm 2 has the higher
rate the rotation effects are contradictory so we must compareﬂr with
(t1~§:2-bt1+c)/(l—tz-bt1+c) to determine the net effect.

13

[
Table VI.5 {

Trade Effects Where sz Equals AR2 '

Firm‘ 1 has

Fimm 2 has Actual tax rates
Trade Effects | higher tax rate | higher tax rate | are equal \
s s

ad valorem

tax = contracts expands no change

tariff contracts contracts contracts
,rotation

tax expands contracts no change

tariff expands * 1 expands expands

T -

1]

All three cases appear ambiguous if the transfer price is based on AR2.

{
Profit Maximization Where sz is Based on AC

2
’ " N
The profit maximizing condition is: . g "
1 o ¥
t,-t,~bt,+c t,~t,~bt,+c e M
i Sl S S - N S i S 5 -
MR, - I-6,-bt e -[MR -AC, ] + rAC, = MC, Tt -be e [MC,-AC,] +'rAC,
£ty bty b dAC,
[1-t2—bt1+q + rmz'”é)’{'z‘ = MR, = ¥C, @ ,

e
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Again for ease of analysis the condition has been expressed in terms of

[ %

shifts in firm 1's marginal cost and revenue curves rather than those
of firm 2. The results are unchanged. '

The ad valorem tax effects expand trade when \firm\)l has the
high tax rate and contract trade when the lmporter faces thve higher

rate because the transfer price is a low price that allocates most

e SRE

profits to the importer. (That is, since the corpora%tion equates HRl =

= MR, and MC it must also follow that MR, 3 AC, and

2 2 2 2
Mcl 3 ACZ') The ad valorem tariff effect contracts trade since trade

z AC

expansion raises tariff costs. Where firm 2 is the'high tax firm the
ad valorem effects reinforce one another but where firm 1 is the high

tax firm the effects are offsetting. By comparing TAC, with

tl_tz-bt1+c ' !
e MG ~AC, ] the net ad valorem effect can be determined. i
l-tz-btl-hc 1772

1f the transfer price is based on ACZ, firm 1 pays taxes on
trade profits of tl(A02 - ACI)M2 while firm 2 pays tax and tariff costs
of [(t2+bt1-c) (P2 - ACZ) + r(l-t:z—bt1+c)Acle2. If firm 1 has the higher
tax rate for any glven tariff rate the ad valorvem tariff effect is

stronger (s:lnce; the effective tariff costs are higher) compared with
the case where ;zrm 2 18 the high tax firm. The lower tax rate lin firm
2 is therefore somewhat offset by the higher effective tariff rate since .
the tax deduction available for tariff costs is less.
The rotation tax effect expands trade where firm 1 has the
higher tax rate and contracts trade.where firm 2 has the higher rate
since the negative sz - MZ relationship implies that trade expansion
lowers the exporter's trade profits and raises the importer's per \mit\

profits, The rotation tariff effect is trade expanding because expansion



lowers tarlff costs.

kN

*

When firm 2 has the higher rate ‘of tax the net

215.

rotation effect depends on the relative strengths of the tax and tariff

1

effects, or on whether r <

r

Trade Efflects Where Pm, Equals AC

t,~t,~bt +c

i)
Jf-tz—btl-%c

»

Tabel VI.6

.

I

1

Firm 1 has Firm 2 has Actual tax rates
T
Trade Effects higher tax rate | higher tax rate | are equal
) ‘

ad valorem .

tax expands contracts no change

tariff contracts § contracts contracts
rotation

tax expands contracts no change

tarlff expands expands expands

~

If the tax efgﬁpts are stronger than the tariff effects,

where firm 1 is the higk - tax firm there is a net trade expansion, and

FAa—

:m«'
P 7

where firm 2 :Ls the high tax firm, 4 net trade contraction.

b

rates are equal the result 1s ambiguous since the tariff effects are

contradictory.

Sﬁmmary

The purpose of this chapter is to determine whether or not

Whete tax

unambiguous trade résults can be generated if the MNE faces both taxes

and a tariff.

Some imanbiguous results are predicted by the model;

soxe probable results are glso predicted while the remaining cases

remain ambiguous.

@
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hed

The unambiguous results are all trade contracting and assume
either fixed transfer prices or prices implying a positive export
price-volume relationship. The ymambiguous trade contraction cases are:
1. 'If\q fixed transfer price is used and t equals t,+bt;—c there is
no tax advantage to be gained from reallocating output or sales. The
tarlff effect, however, remains%to contract tfade and the higher is
Pm2, the stronger the contracting effect.

2. If a low fixed transfer price applies and tl exceeds t2+bt1-c the

net tax effect (ad valorem tax compared with specific tax) is trade

contracting. This is reinforced by the tariff. ? T
3. If a high fixed sz is set and firm 2's actual tax rate is higher

the net tax effect and the tariff effects both contract trade. d
4. I1f an equilibrium sz applies (that is, the transfer price equals C

Mcl wnder free trade) the tax effects offset one another so that only

the tariff effects temain to contract trade regardless of the tax
i

differential.

5. If a variable transfer pricing policy based on AR1 is used and ty

either equals or exceeds t2+btl-c trade contracts. If the tax rates

are equal there are no tax effects while if firm 1 has the higher rate,

all four effects contract trade.
6. Under a transfer price based on AC1 trade contracts if firm 2's

tax rate exceeds or equals firm 1's actual rate and if domestic sales

1

]

of Yl exceed zero (in the first case).
7. A variable transfer price based on MCl causes trade contraction if
t, equals or exceeds tz—btl—c.

A few cases generate probable but not certain trade results.

These are cases where three out of the four effects cause the same

4

e

e
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direction of trade movement. Trade‘prdbably contracts if firm 1 is

the higher taxed firm and sz is based on ACl or if firm 2 is.the higher

taxed firm and sz is based on ACZ. Trade probably expands where firm la

has the higher tax rate and Pm2 is based on Aéz. fhe remaihing cases

generate results that depend on the relative strengths of two effects.

First, where thé ad valorem tax and tariff results differ we must compare
tl—tz-b t1+g «

ST vt |
I-t, bt e ’ ‘

tariff effects (or the specific effects) differ we must compare r with:

er2 with HRl-PmZI. Second, where the rotation tax and

tl-' tz-b tl+c

1-t, -bt,4+c °

2771
1

The Horst Analysis

An article by Thomas Horst, "The Theory of the Multinational

Firm: Optima) Behaviour Under Different Tariff and Tax Rates,“1 was

@

one of the theories about multinational corporate behavior that provided
inspiration for this dissertation. His paper examines the case of two
relat?d firms engaged in intrafirm trade under tariff and tax barriers.
The analysis is divided into four sections as determined by combinations .
of the assumptions of unconstrained pricing versus constrained pricing

and increasing costs versus decreasing costs. This dissertation is based
on one of these cages--the case where the corporation is free to set Pl

and P2 without constraint and where marginal production Tosts of both

firms are positive functions of output. Horst analyses the behavior of

.

the MNE when faced by taxes on firm 1's pure profits of t, percent, on

1. Thomas Horst, "The Theory of the Multinational Firm: Optimal Behaviour
Under Different Tariff and Tax Rates," Journmal of Political Economy,
Septg-oct L3N 1972 .

-
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firm 2's profits of t, percent and by a tariff of T, percent on exports
from firm 1 to firm 2. Since this 1s also the question addressed in
this chapter it is reiévant to compare the results presented in the
Horst article with those presented here.
Horst assumes the goal qf the corporation is to maxzimize E
© where: E'= (1-t)) (R;-C)'+ (1-t,) (Ry=Cp) + [(ty=t;) = (1-t,)r, 1TT
and Ri is the<homestic price; TT is the transfer price; M is the volume
of exports; and t2 represents . the total tax rate on firm 2's profits
(represented %E this dissertation byut2+bgl~c). That is, the expression
Horst seeks to maximize is identical to that shown in Appendix VI.1. ~ ~
He gives three profit maximizinguconditions as solutions to this
‘expression: N
1) MR, = MC, 2) MR, =MC, 3) (1-t;)MC; = (1-t,)MC, +-[(t2~t1) -
(1-t,)r, 1> /S ‘
Horst conslders only fixed transfer prices and therefore ignores the
complications associated with variagle pricing. (Thjs becomes important
later.) One gondition is missing from the three presented gbove:

o

(1~t1)MR1 = (1—1:2)14122 + ;(t - rz(l-tz)]TT. it is implied by

27ty
his conditions but should be stated. The corporation allocates its
output by equating the two marginal costs adjusted for taxes and transfer
price effects. IF also allocates its domestic sales by equating the
marginal revenues adjusted for taxes and transfer price effects. All
four conditions for a profit maximum are contalned in the single condi-~
tionopresented in Appendix VI.1l. 'This concentration by Horst on the
allocation of output is next revealed when, after examining the profit

maximizing conditions, Horst concludes that: "A mixed strategy of

Z. T. Horst, p. 1061.
3. T. Horst, p. 1069.
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producing in both countries and exporting between the two could well be
optimal~-the exporting country being the one with 1owe§ marginal cost
at the no-trade position. The direction of trade will thus reflect *
a cost advantage."k As we have seen in Chapter II intrafirm trade ‘
reflects a cost advantage and a revenue advantage. Trade flo;s from ‘
the low cost-low revenve firm to the high cost-high revenuve firm .o
because the MNE through trade can shift output to the low cost firm and
sales to the high revé;ue market and therefore inerease total profits.

Horst concludes "a higher tariff, by raising the firm's import
¢costs, 1is certain to discourage imports, encourage local production,
and raise prices in the importing country."5 This conclusion is

supported in Chapter III for fixed and varlable transfer prices with £t

positive sz - M2 relationships. However, a variable price such as

A ...

AR2 or Aﬂz with a negative sz - MZ relationﬁﬁip that expands trade by

reducing the tariff as trade expands can outweigh the initial effect .

of export contraction and cause a net trade.expansion. Since Horst

ignores variable transfer prices this complication does not arise in

his analysis. ' |
The importance of distinguishing between fixed and variable

transfer prices is again revealah in Horst's Piscussion of taxation

and tariffs. He says "As long as the tax rate differential, T, (ie.

t2—t1/1~§2) is less than the tariff, Tys and the firm is Induced to set

its transfer price, TT, equal to the marginal cost of production, HCl,

~~-—---~—migon changes in any tax rate are likely to h;?g no effect on

the firm's behawiour."6e First note that his differentlal is the negative

4. T. Horst, p. 1664.
5. T. Horst, p. 1064,
<6, T. Horst, p. 1064,
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of what this chapter.defined as the 'tax differential. divided by the after
‘ tax return to firm 2 or (tl—tz-btl-i'c)/ (1-t,-bt,+c). That is, Horst is
sf'gying when firm 1 has the higher tax rate or the (}ifference between the
two tax rates is minimal and the firm sé:ts sz equal to Mcl the tariff
effect dominates. Referring to Table VI.1 we see a summary of the trade

effects when the transfer price 1s fixed. If firm 1 has the higher tax

rate the ad valorem effects expand trade while both specific effects

'

contract trade. Choosing the special transfer pr:ﬁce, Mcl, the marginalc)

® LS
cost of production in the pre-trade~barriers situation, implies that

L 4

! thqe ad valorem and specif{c tax effects cancel. The marginal pFofit
on exports is zero, as it is on domestic sales, Wthemfore tz\:xes
cannot be reduced by reallocating export and domestic sales. The MNE
does not alter its behavior and corporate profits fall by the tax. This
is true whether firm 1 has the higher tax rate; firm 2 has the higher
» rate; or the tax rates are equal. Since there is no net tax effect the

tariff effect must dominate and trade contract when sz equals that

particular level of MC Horst fails to understand the special nature

1°
of pri;:l.ng at marginal cnost.\\s order for the tariff effect to dominate
and the tax effects to disappear the transfer price must be the f’ixed
l;mz set equ?l to the marginal cost of firm 1's output in the no-trade-
barrier situation. TFor any other fixed transfer price or level of MCl
the tax effects remain; as they do when varlable marginal cost pricing
is used. Referring to Table VI.4 , we see that the ad valorem tax

- H,
effects are zero. However, as trade expands or contracts éhe transfer
price rises or falls, respectively causing a rotation effect. When

firm 1 has the higher rate the rotation effect tends to contract trade

vhile when firm 2 has the higher'”r;te the effect tends to expand trade.

P ] -
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Changing thezfransfer price as the volume of trade ¢hanges alters the

marginal trade profit since under variable pricing the average revenue

)

- and marginal revenue from exports are not equal. Setting Pm, equal to

Mcl implies a positive export price-volume demand relationship. If the

°

demand for Mz curve is-upward-sloping the marginal revenue from exports -
must lie above the average revenue from exports and therefore positive
marginal profits are made on exports. Since zero-marginal profits are

declared on domestic sales, if firm 1 hasothe higher tax rate the MNE

contracts trade and expands sales of Y,
T

LN

) ; B )
wheras, 1f firm 2 has the higher rate the corporation expands trade.

B3

in order to reduce total taxes;

As variable transfer prices such as MC2 imp%y a negative sz - Mé demand

relationship where marginal export®revenue lies below average‘export
revenue. If firm 1 has the higher rate this expands trade, since marginal>
export profits are negative; and if firm 2 has the higher rate, trade
®ntracts. In summary,%ﬁérginal c;st pricing can have complicated, but

predictable results. Unless a fixed transfer price, set equal to the

ES

level of MC; (or equal 'to MC, = MR, = MR;, for that matter) in the free

2 =~
trade' situation is used Horst's comment that "A high tariff policy

4

~—m—-—~ehag the unfortundte side effect of rendering tax policy imﬁotent"?n
' |

Iy

is completely inaccurate and migsleading. The net fax effect is zero

only in this special case or if the tax differemtial is zero. In general,
the tax differential has a strong effect on the behavior on the MNE. It
is, however, true that ing%his one sﬁécial case the tax proceeds of the
governments involved are makimized since the MNE does not react to the -
tax differential. To ‘the extent that the corporation sets its transfer

5
prices on the basis of current marginal costs.and alters them as output

changes, tax policy does have a role to play.
7. T. Horst, p. 1068,

¢
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. that a’e not made in this dissertation and therefore no comments are

The remainder of‘ the Horst artiele deals with assumptions .

.

made here. In “summary, Horst has provided a concise article that ’

Y D 7 ¥
contains most of the relevant results. His stress on fixed transfer

3
B
. ®

= L < .
prices, however, and on Mql {n particular, leads him to ignore important -

cémpl:leatiohs in 'the analysis and results in his erroneous c5:.2}11<:2!.us:i.(m

- “that tax - policy is .itgpotent in the face ‘of Jhigh tariffs.

] ®
B o
3

Ye o ~

Conclusions 0
o ) “" ': FA Y ‘

, When the behaviour of the multinational enterprise is - , |

n ° e

cpnstrained by profits taxes the MNE reacts so as to minimize its total

tax bill. If the e:dporter"s tax rate “is higher the corpor:ilti hifts o

a

2 v

trade profits to the importer via lower transfer prices and/or trade
expansion. If the importer has the higher tax rate the MNE sets a high

price and/or gontracts trade. The tariff complicates (this reaction .

)i » R a o

since a transfer price that u;inimizés taxes can result in high tariff
k] ° .

' a

costs.- The corporation must take tariff costs-into account in maximizing

[ [3 -

v w . O
after-tax profits. \ “ a7 .

%Y

Depending on JLhe ”tax differential, the t,rangfer price. the

aFee

tariff rate and on the sign of the export price—volume relationship the

A

[

° O
. " @

MNE will reaot; to tax!‘and tariff barrierg by tra&e expansion, contraction

L i

or reversal, In a few cases, given data concerning t‘hese factors we

o s -

Jd \ n
can predict that trade flows unambiguously contract. In othets, tradé-,

u'\ [ « v

.is" likely to contrac% while in the mmainder the final result depends ~

1 " oy [l A
on the precige -values of the variables concerned. The Horst analysis,

FRdE

3

by restri’i:ting iﬁself to fixed transfer prices,™ignores some of the .

\l

%

mnore interesting problems and results that the model generates ‘and

.
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“syrrongly concludes that tax policy is impotent ih the face of high tariffs.
"This chapter clearly demonstrates that both tax and tariff policles
a 5“ o " N \ ¥
affect the behavior of the multinational, enterprise. \
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Chapter VII
A Rudimentary Model of Multinational Vertical Expansion

Introduction

“

R The model of multinational behavior under trade barriers

5

developed in this”dissertation is based on the assumption that the MNE
was formed through horizontalaexpansiog or integration. vThaP is, the
enterprise expanded into other countries by "absorbing or coﬁstructing
additrional fag;li%ies to ta?e care of an increased volume of the activity
in which the establishment was already engaged."l In practice most
multinationals, however, have expanded both"horizontally and vertically.
"By gaining control of all the operations ifivolved in the production

and sale of its out%ut, from dbtaiﬁing the original raw materials through
fabrication and final marketing,"2 an ente¥prise can also reduce costs
and increase total profits through vertical expansion or‘integration.
This chapter attempts to outline a modgl of multinational behavior
built on the aséumption of both horizontal and wvertical expansion.

The purpose of the chapter is?:wofol«é:n first, to show which results
of the’'previous gix chapters apply also under vertical expansion and
second, to show where and why some results differ, In orxder to 1;mit
the analysis only three cases areJconsideredz first, the behavior of
the MNE under free trade; second, its reaction to tariff barriers, and

third, its reaction 'to taxation by the home country. An analysis of

the gaing from trade is omitted for the sake of brevity.

+
E4

1. H. S. Sloan and A. J. Zurcher, Dictionary of Economics, 5th Edition,
, 1970, p. 212.
2. H. 8. Sloan and A, J. Zurcher, p. 460.
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The Literature

Most theoretical literature on vertidally integrated enterprises
is found in the industrial organization 1£terature where the work on
transfer pricing has been concerned with choosing a transfer price that
would permit decentralized decision making by the subsidiaries without
loss of control by the parent firm,3 A few writers, Hirshieifer,4
dbuld,s and Solomon86 have developed gtapgical analyses of transfer
pricing between two divislons, one supplying a raw material as input
to the other who sells the final product to’ consumers. Both Hirshleifer
and Solomons have also developed models where one firm, the primary
firm, supplies raw material to two final product firms. All ofdthese
writers were concerned only with transfer pricing between divisions
located in the same country as the parent firm and as a result‘problq;s
of international tax differentials and tariff barriers did not arise.
This analysié has been extended by CopithorneZ into the international
field by considering three firms, each iocéqed i; a &ifferent counéry,

where the primary firm supplies two final product or secondary firms

In none of the above models do the secondary firms engage in’ trade. .

3. Some examples of this’ literature ave: Mbhamed Onsi; "A Transfer
Pricing System Based on Opportunity Cost," The Accounting Review,-
July, 1970; J. Ronen and G. McKinney, "Transfer Pricing for Divi~-
sional Autonomy," The Journal of Accounting Research; Spring 1970;

D. Dittman, "Transfer Pricing and Decentralization," Management
. Accounting, Nov. 1972; G. Holstrum and E. Sauls; "The Opportunity
Cost Transfer Price,” Management Accounting, May 1973.

4. J. Hirghleifer, "On the Economics of Transfer Pricing," Journal of
Business, July 1956, and "Economics of the Divisionalized Firm,"
Journal of Business, April 1957,

5. J. R. Gould, "Internal Pricing in Firms When There are Costs of Using
an Outside Market," Journal of Business, Jan. 1964. .

6. D. Solomons, Divisional Performance: Measurement and Control, o
Appendix A to Chapter VI, "A Graphical Treatment of the Theory of
Transfer Pricing," 1965. v

7. L. W. Copithorne, "International Corporate Transfer Prices and
Government Policy," Canadian Journal of Economics, Aug. 197L. :
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The primary firm supplies the two final product firms who sell only to

domestic consumers. This disregard of intrafirm trade by previous

writers was not caused by incorrect model-building but Qy failure of

these writers to thoroughly understand the profit maximizing conditions

of their models. If marginal costs and revenues\d}ﬁfer, the secondary

1

firms must engage dn trade for total corporate profits to be maximized

¥

in their models and in this dissertation. This\gpapter therefore seeks

to explain the errors of previous analyses, to show how this chapter's

?

results differ, and to extend the model by examining the effects of

4

ﬁpxes and tariffs on the corporation. Obviously this model could

occupy as many chapters és the previous one; however, the results do
not differ significantly.

The basic conclusions of the horizontal |
expansion model apply with equal force in this model of vertical and

horizontal expansion. The fange of possibilities, however, is congider-
-

™
ably increased. For example, tariffs cam now apply to eithér imports
of primary or secondary goods or to both.

Taxes may apply to.one or

two or all of three firms depehdihg on which government levies the tax,

!

on what principle, and on the form of organization of the corporation.

v

The scope for transfer price manipulations is increased since the intra-

s

’

firm trade flows are more numerous. As a“reqylt this chapter seeks

@l

“

only to provide a rudimentary analysis timited to fixed transfer pricing
(because of the -length involved in discussing poss

3

ible variable transfer
AL, :

i H

Ig, 14

prices) under simple forms of taxes and tariffs.

3
K

LY

The Vertical Expansion Model Under Free Trade

o

The multinational corporation consists of three'firms, one

Ll

primary, and two secondary located in different countries.

\\u
The primary
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firm sells only to the secondary firms8 §nd faces lncreasing production
costs. One unit of raw material is needed to produce one unit of
secondary output.9 Firms 1 and 2, the secondary firms, rcan also engage
in trade. The goal of the corporation is to maximize long run corporate
profits. Price discrimination between the markets is possible.

As shown in Appendix VII.1 there are three conditions that
myst be satisfied in order to maximize total profits. These conditions
are all contained in this exﬁression:o MRl =‘MC1 +MCy = MR2 = Mcz + MCB.
That is, the corporation must equate the marginal revenues from sales
of the final products to the marginal costs of production of t\fle Ffinal
products plus the marginal cost of the primary inputs. Since the
marginal cost‘;f the intermediate goods is determined by the total’
output of firm 3 (or by the total volume of puréhases by firms 1 and 2)

the cost to each firm is the same. That is, firms 1 and 2 must both

include MC, in their joint profit maximizing conditions. This statement

3
10 11 12
has been rewritten by Hirshleifer, Solomons, ™ and Copithorne™™ as:
Mm1 - MCl = MC3 = MR2 - MCZ' That is, the corporation should equate

the net marginal revenue (that is, ‘marginal revenue minus marginal

cost) of each firmgfo the marginal production cost of the primary

8. This is a common assumption in the literature cited above. TFor a

treatment where the primary firm is permitted to sell externally

see Gould article previously cited, L. W. Copithorne, op cit.,

in a footnote on page 325 notes the conditions under which the

secondary firms can purchase externally rather than buying from

the primary firm.

9. An assumption of Copithorne's, op cit. Letting Xj be the output
of firm 1, X7 be the output of firm 2 and X3 be the output of firm

° 3, the primary firm, Xj + Xp = X3. That is, the amount of X3 -

produced and sold by firm 3 equals the amount of Xj + X2 produced
and sold by firms 1 and 2. (Since Xj + Xp = Y31 + ¥p is still a
constraint of the analysis.)

10. J. Hirshleifer, 1957, pp. 103-104.

11. D. Solomons, op cit., p. 218.

12. L. W. Copithorne, op cit., p. 327.

.

+
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firm. Th%s statement is correct; hoyever, the matter does not end here.
¢ This statement merely det‘,ermines‘total final output and sales of the
corporation, noé the distribu%gon of these sales and Q;tput between firms
1 and 2. The previous authors erred in assuming that once total output
was determined total profits were maximized. However, Chapter II demon-
strates that if there are differences in marginal costs and marginal
revenues betwee; the two secondary firms p%ofits can be incredsed through
intrafirm trade. Through trade sales can be reallocated so tjEt marginal
(3 revenues are brought into equality; output can be reallocated so that .
marginal-costs are brought into equality; and finally, a further adjusq—
ment of sales and output distribution may be necessary in order to equate
marginal revenues and marginal costs. The previous writers followed
" only the third procedure of equating marginal revenues and marginal
costs, (since the expression MRl = MCl + MCS = MRZ = M02 + MC3 is the
condition fo; equallzing costs and revenues with intermediate goods).
However, there are two other conditions that can be extracted from
this expression and must be fulfilled for profit maximization:
1) MRl = MRZ' ‘The corporation maximizes profits by reallocating sales
80 ag to equate the marginal revenues of the two secondary firms. This
fis also a necessary condition for profit maximization when the MNE is .
formed by/horizontal expansion only.
2) Since MCB is common to both expressions, MCl = MCZ. The corporation

should reallocate output so as to equate marginal production costs of

the final product firms. Again, MCl = Mﬂz is a necessary condition for

h
t

profit maximization in Chapter II.
In summary, there are three conditions that must be satisfied

in order for total profit maximization by the multinational:
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1) HRl - MCl = MB.2 - M02 = MGB' The net marginal revenue of each secondary
i

firm should be equated with the marginal costs of the primary firm. This

determines total output and total sales.

2) MC 1 = MC 9 This determines the allocation of totaloutput between the

¥

secondary firms. A

3) MR 1 =MR2 « This determines the allogation of 1\:otal sales between the
secondary firms,
Only when all three conditions are satisfied will totarprofits be maxi-
mized. WNote that, in general, this implies intrafirm trade between firms
1 and 2 unless MR]_ = MR2 and M(Il = M(;2 in the pretrade situation. That
¥ is, trade occurs where one firm is the 'low cost-low revenue' firm while
' : the other can be called the 'high cost-high revenue' firm. Our previ:)us
analysis explaining why related final product firms trade is therefore
unchanged. Where marginal costs and revenues differ the corxporation
. can increase i'ts profits through Intrafirm trade since through trade
it brings into equality MRl = MRZ’ MCl = ch, and (with intermediate
costs) MR = MC + M(:3 . Note that where intermediate costs are zero the
condition becomes MRI = MCl = MR2 = MCZ' There is no change from our
previoug analysis so transfer pricing does not affect total profits.
Trade flows from the' low cost~low revenue firm to the high cost-high
revenue firm. The results of other writers are wrong since they equate’
MRl - Mﬂl‘with MR2 - MC2 and with MC3 but fail to equate MRl with MRZ |
or Mcl with MCZ and therefore profits\ are not maximized. As a result
their analyses show no intrafirm trade between the secondary firms;
each firm produces only for its own local market. Changing these results
therefore implies changes in output, sale's, and consumer and factor prices

for each firm and changes in the gains from trade among countries.

A



230.

’

This process is illustrated in Figure VII.1. Tn (a) are shown

the marginal revenue and cost curves of firm 1, which are subtracted
vertically to give the net marginal revenue curve, NMRl. In (b) are
the marginal cost and revenue curves-of firm 2 which, when subtracted,

give NMRZ. In (c) are plotted the horizontal summation of NMR1 and NMR, ,

and the curve MC3. The horizontally summed curve, INMR, shows for each

level of NMRl = NMRZ what the total output and sales of the Forporgtion
are. The corporation determines the equilibrium volume of total output
' \ by equating N!'IRl = NMRZ = MCl. Total output and gales (since X3 ER
are therefore x3. By tracking back into (a) and (b) we can see the

3

initial distribution of output and sales by reading’down from each firm's

respective NMR curve to give Xle and Xze. Reading up f£rom these outputs

we can see that marginal revenues and marginal costs, however, are not

8

equalized. “mzle and ml"' ze-_

is the 'low cost-low revenue' firm. Profits can be increased by shifting

are less than ane and MC that is, firm 1

sales to firm 2. (the high revenue market) and output to firm 1 (the low
cost plant). To do this, we raise MRle and lower MRZE until they are

equalized where the fall in Y. equals the rise in Yz. Similarly we raise

1

€ and lower MCze until the rise in Xl just equals the fall in X?.' As

1
a result firm 1 produces Xl’ selling Y

MC

1 in the home market at Pl, and

- Xl - Yl to firm 2. Firm 2 produces Xz, buys Y2 - Xz from £irm 1 and sells

the total in the domestic market for PZ. All three conditions for a profit

maximum are fulfilled: 1) NHRl x NMR2 = MCB’ 2) MRl = MRZ, 3) Mcl 9°
Previous writers assumed firm 1 produced and sold locally xle at Ple and

it

MC

firm 2 sold and produced Xze at, Pze gso that firm 1's domestic price was

somewhat lower and firm 2's somewhat higher than in this analysis.

.
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Note that transfer prices do not affect this analysis. They
do determine the allocation of trade profits but since there are no trade
barriers, tetal profits are not affected by the transfer prices. This
is also the result,in the horizontal expansion’model. There are three
possible transfer prices.in this model: the price bf eXpPOTLS from firm
1 to firm 2, szl; of exﬁorts from firm 3 to firm 2, 3@23 sand of
exports from firm 3 to firm 1, Pm13 - Even though the marginal cost of
intermediate production, Mca, is identlcalvfor both firms the transfer
prices charged to firms 1 and 2 by firm 3 need bear no relation to this
marginal cost; nor need they be the same for both firms 1 and 2. Under
freé trade these transfer prices will be set for internal reasons only.
Under taxes and tariffs, howeve;f the scope of the corporation for
avoiding external costs through transfer price‘manipulatio;s is greatly

a

increased due to the increased number of trade flows.

N Profit Maximization Undér Tariff Barriers

-3

: Profit Maximization When Country 2

Levies éaﬁlriff on Finished Imports

- This model is based on the same assumption as Chapter III .-
that country 2 levies a tariff on f@pished imports, that is, on firm 2's
imports from firm 1. In Chapter II1 we found that the profit maximizing
condition under a fixed transfer price was MRl + erz = MC1 + erz =
MC2 = MR, when firm 1 was the exporter: The lower the per unit tariff
the less disturbance to total output and sales and their allocation,

to prices, factor flows, and profits and to the gains from trade. The

MNE attempts to set as low a transfer price as possible and/or to reduce

Vg
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the volume of trade. The higher the tartff;-the more likely is trade
contrdction and even trade cessation. These conclusions are also true
in the vertical expansion model.

As shown in Appendix VII.2 the three profit maximizing condi-
tions under a tariff with a fixed transfer price are:
D MRl - MCl = H03 = MRZ - Mcz. The corpor;tion should équate the net ,
marginaf revenue of each éeg:ondary firm to marginal Intermediate costs.
That is, the tariff on final goods does not affect NMR ofneither final - )
produét firm and the;efore does not affect total output and total sales.
Therefore in deternﬁning total output and sales the corporation ignores

the tariff.13

2) MRl + erzl = MRZ' The corporation should reallocate final sales so .,
that MR2 equals MRl adjusted by the per unit tariff on imports. Since
the MNE equates MRl = MR2 under free trade this implies a corresponding

fall in. MRl and rise in MR, due to the tariff. That is, sales of Y1

increase while sales of Yz decline, implying fewer exports.
3) MCl + er21 = MCZ. The corporation should reallocate output so that
MCZ equals Mcl adjusted for the tariff. Since under ffee trade the MNE

equated MC., = M02 this implies a fall in MC, and rise in MCz. That 1s,

1 1
larger output by firm 2 and smaller output by firm 1, resulting in

smaller trade, occurs as a result of the tariff. This is illustrated in

t

Figure VII.Z.
In Figure VII.2 under free trade the corporation equates

NMR, = NMR, = MC3 for an output and sales level of Y This is allocated

1 2 3

13. Note that this is not true with a variable transfer price. Prices
with a positive -PMp1-My; relationship cause output expansion while
negatively related transfer prices cause total output contraction.
See Appendix VII.2 on this.
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13
° between firms 1 and 2 so that firm 1 produces X © and sells Y.° at !

1 1

home for Plog while firm 2 produces X 0, buys Yzo - X?o from firm 2

and sells the total for 1’20‘

When government‘“"z levies a tariff on firm 2's imports from firm

v

1ic &raises’the cost of production of Xl by the per unit tariff on exports
and ralses the marginai révenue from domestic sales of Yl since the per
unit tariff applies to sales of H21 and Yl. That is, both MR1 and Mél '
shift up by erzl with the result that NMRl does not change and Eotal
corpo/;:/éte output ramains at X3. The allocation of this output ar::i of
saleé, however, is altered by the tariff. It i* more profitable for the
corporation if firm 1 reduces its exports and sells more in its domestic .
market since this reduces tariff costs. We therefore reallocate sales
until MRl + er21
sales and reallocate output until MC

= MR2 where +AY1 = ~AY_ from the original Xle and Xze‘

2

1 + er21 = MC2 where —Axl = +AX2 .

from the initial Xle and XZe output levels. That is, firm 1 now produces

Xll (a smaller amount) and sells Yl 1
¥

{(a lower price). Tirm Z produces le (a larger amount) and” imports

Y21 - 21 (smaller amount) from firm 1 selling the total at a higher

1 (a larger amount) at home at Pl

price P21. Tariff proceeds of 1:1’11121()(11 - Yll) are paid to government 2.
Since trade has contracted the govemmnWes smaller revenues than
expected.

In summary, the tariff on finished goods does not affect the

T

total output and sales volume of the corporation (unless transfer prices

4

are variable). It does, however, cause a reallocatlon of output and sales

& r

between the two secondary firms as trade {lows from firm 1 to firm 2
decline. Firm 1 sells more at home and firm 2 produces more at home

causing consumer prices to rise in country 2 and fall in country l.
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4

Consumers therefore bear part of the tariff in the importing country i !
while the consumers In the exporting country gain lower prices. If

the MNE can affect factor prices real factor incomes rise igrcountry 2

and £all in count;y 1. The net effect depends on how govemment 2

spends this tariff revenue but this falls outside the scope of this

Q w

analysis. . {
The goal of the MNE faced by tariff barriers is to reduce

its tariff costs through lowering transfer priqsz.and/or contracting

1

trade. The lower the transfer price the smaller the wnit tariff costs
!

and the less disturbance to the output and sales allocations of the

-

secondary firms. ‘ . )
, ! \ »

Profit Maximization When Country 2

levies a Tariff on Unfinished Imports

-

Assume that instead of levying a tariff on finishe& gonds

country 2 1eviés a tariff on unfinished goods. The tariff therefore
L]

L]
applies to firm 2's imports from firm 3, PmZBMé3 or Pm23x2’ (since one

unit of imput makes one unit of output) and the tariff is thus zP

m23X2.
Therefore tariff revenue depenﬁs directly on fiﬁg 2's domestic produc-
tion. One would expect, a priori, that.the corporation would attempt

to reduce production in firm 2 and substitute exports from firm 1.

Assuming a fixed transfer price, Appendix VIL.3 demonstrates that the
profit maximizing conditions undexr this tariff are:

'Y

1) Mgl - MC MR, - MC, ~ tPm,, = MC,. The net marginal revenue of

12 T 23 7 3
firm 2 is affected by the tariff since production costs are now increased.

3
NMRZ declines with the result the INMR curve shifts to the left, causing

)

wf
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a fall in MC3 and XB' The tarlff raises the cost of intermediate goods

n " to £irm 2 and therefdre affects the total output of"the corporation.

#

e 2) MRl = MRZ.; The marginal revenue of firm 2 is unaffected directly

sales.
S
’ * | ° R 0 b
- i +
. in MR] and MR‘z. . | \ . L,

3) MCl = MC2 + er2 . The corporation shpuld equate MC1 with M02

adjusted for the tariff. Under free trade 'Mcl equals MCz s0 MC ‘decl:lnes

and ucl rises due to the tariff, That is output of x2 falls and of Xl
\\
rises’'as the firm ttempts to minimlze ‘its tariff costs by substituting

X ’tports of M21 for|domestic production of XZ'

- Figure ‘:/II.B illastrates the effect of the tariff on intermediate

by the tariff since the tariff applies only to production, not to

©

However, since total output and sales decline, one may expect adju

. 8oods on the behavior of the corporation. Initially total output is X3.
&

Firm 1 produces X © and selis Ylo at home for Pl(?. Firm 2 produces Xzo,

imports Y2° - x2°‘amr sells the total for on. The profit maximizing

conditions 1) = NMRZ = MC 2) MR = MRn 3) MC = M02 are all fulfilled.

The tﬁriiff causes a vertical shi\f’c in MC, to MC

s *
“

+ erz 32

a4

<

1 1

' causing the NMR ¥ curve to shift down to NMR.1. The' corporation now

2 . : 2
1

equates NMRl wit NMRZ and MCB: The new ENMR]‘ curve therefore lies

to the left of the initial cuxrve anh total output and sales decline,

aS:l.nce as output falls, MC falls, NMR and NMR 1-are equated aL a lower

3
. level. Jhis img,lies a 1arger shareﬂ of total- output to firm 1, and a o
- - )\Z§\° r
smaller share tl firm 2. That is, le
le while X € shifts to the left to Xz‘f. At X1

equal to MR ar’/d MC does° not equal MC + er23 " The aorporation can

shifts slightly to the righ‘l: to

and X » M;ll is not

o ., increase its pj:ofits by readjustiﬁg output, and sales between fJ.rms 1

vy - f
. and 2. The cqrporat:ton equates MRl MR cuasing,a fall in Yl “from i .
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1

o 1 o
Yl to Yl and a fall in Y2 from Y2 to Yz . The MN? also equates Mcl

o 1l
2 to X2 and a rise in Xl from

Xlo to Xll. Consumers in hoth countries face higher prices as a result
1

mz + J:Pm23 causing a fall in K2 f:/:om X

of the tariff. The tariff revenue pald to government 2 equals er2 3)(2
or the diagonally shaded rectfngle in Figure VIT.3 which is less than

the tariff revenue the MNE would have paid initially of er23X °,

Summary of Tariff Effects

In summary, the effects on the corporation will differ depending

on whether the tariff applies to finished goods (firm 1's exports) orx
to intermediate goods (firm 3's exports). A tariff on raw ma:'ferials
affects total output and sales while a tariff on final goods does ot
(assuming a constant transfer price). With the tariff on firm 1's
exports to firm 2 the goal of the corxporation is to minimlze costs by
reducing e:q;;)rts and substituting local production by firm 2., When

the tariff app'.}ies to intermediate costs, however, the corporation now

]

wants to reduce production by firm 2, substituting exports from firm 1,

[y

Obviousilly tariffs on both intermediate and final goods would have con—

flicting effects on corporate behaviour. The relevant tariff rates,

)

A
transfer riFes and trade volumes would all affect the final result.

Profit Maximization Under Profit Taxation by Country 1

[l

Introduction P

The corporatior*consists of three firms; firm 1, the parent
firm, resident in country 1, and firms 2 and 3, resident in covhtries

2 and 3, respectively. Country 1 can tax either on the residence or
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source principle. Under the source principle only firm 1's démestic
profits will be taxed and the goal of the corporation would therefore
be to sﬁift profits to firms 2 and 3 where thex face no tax. This can
be accomplished by seFting a high transfer price for firm 3's raw
material exports féﬂ}irm 1, and/or by setting a low transfer price for
exports by firm 1 to firm 2 (assuming firm 1 is the exporter).

ﬁ Under the regidence principle the form of organization of thé’
a;f}li;tes ;ffects the total tax bill.. XIf both affiliates are branches
total corporate profits ar; taxed as earned at the rate t percent.

That 1is, all profits face the same tax rate wherever earned. A; a result
total profits fall by the tax and the tax incidence falls 100 percent
on the MNE. JWhere both affiliates are subsidiaries forelgn profits are
only taxed when they are remitted to the parent while retained earnings
in the foreign firms face no tax. Wherd one firm is a branch and the
other is a subsidiary the corporation will attempt to shift profits to
the subsidiary in ‘order to minimize the tax burden. If firm 3 is the
subsidiary the MNE will set high transfer prices on exports to firms 1
and 2, If firm 2 is the)sﬁbsidiary exports from firms 1 and 3 will
carrg low transfer prices. The scope for tax avoidﬁgc; 1s greatest
unde}~scurce rules, and least-under branch rules whére both foreign
firmg' are branches.

We therefore have five cases to consider:

!
1) Gtvernment 1 taxes on the source principle and only firm 1's profits

are taxed., ‘ s

2) Residence rules apply and both affiliates are branches.

3) Residence rules apply. Firm 2 is a branch and firm 3 is a subsidiary.

\ 4) Residence rules apply. bFirm 3 1s a branch; firm 2 is a subsidiary.

5) Residence rules apply and both affiliates are subsidiaries.
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Let b repregent the percent of firm 2's profits taxable in cowntry 1.’/
Let b' represent the percent of firm 3's profits taxable in country 1.

Under source rulés, then b and b' equal zero. Under residence rules

, where both firms are subsidiaries b and b' exceed zero., Where both are
branches under residence rules b and b' equal 1. Let us examine the
profit maximizing conditions in each of the five cases listed assuming

fixed transfer pricing and that final exports flow from firm 1 to firm 2.

2’

Country 1 Follows the Source Principle

\

The profit-maximizing conditions as shown in Appendix VII.4

-

-

are: N

1) (l-t)NMR1 + th13 = MC3 = NMRZ. In determining total output and sales
1

thé corporation should equate NMR2 to MC3 to after tax NM’R1 plus the

taxed transfer price of exports from firm 3 to firm 1. Under source

4
rules firm 1's marginal revenue and marginal cost are reduced by t

' (
percent, but imports by firm 1 from firm 3 are a cost and therefore >

tax deductible. The higher Pm13 the smallgr the taxes pald to government
1. The tax therefore has an ad valorem effect that reduces NMR1 by t
percent (causing a fall in total output and sales) and a specific effect
that raises NMRl by tPm, 4 (causing total output and sales to rise).

|

Whether the ad valorem and specific effect dominates depen®s on the

transfer price set in relation to MC; under .free trade (high, low, or

equilibrium). . ‘ .
2) (1--1:)MR1 + th21 = M#Q. In allocatin% sales, between firms 1 and 2
the MNE should equate MRZ to after tax MRl adjusted for the taxed trané}ér ;

price thZl' The tax lowers the marginal revenue from local sales by

t percent but this is partly offset by the taxed transfer price. Since

3

.



242,

s

}
hl /

1 = MRZ 1f the

specif\ic effect dominates MRI must have fallen compared to its value

in the no trade barrier case the corporation egquated MR

in t\he pretax situation and MRz must have risen. That Is, a high
transfer p::ice causes sales of Yl to rise while sales of Y2 decline
and intrafirm trade declines as a result. \ The higher the transfer
price the more taxes ai'e paid by the corp)a)ration s:mc;a per unit profits
allocated to firm 2 ar; small. Where the ad valorem effect dominates
MRl must have risen compared to its pretax value and MRZ fallen so that
sales of ¥, decline and of Y, expand. Ceteris paribus, trade therefore

1 2

also expands since the low transfer price allows the corporation to
<Aty aon 7

%

shift profits to firm 2 where they face9 no taxes.
3) (1—t)MCl - th13 + thzl = MC2. The corporation should allocate

output so that MC, equals after tax MC. minus the taxed Pm13 plus the

2 1

taxed Ple. Costs allocated to:firm 1 are tax deductible. Therefore

the cost of producing in firm 1 falls by t percent plus t percent of the
4

cost of imports from firm 3. A high transfer price will ;:herefore

raise costs im firm 1 and lower taxes. This is partly offset by the
-transfer price cliarged by firm 1 on exports to firm 2 since this consti~

tutes revenue and is taxable. The higher Pm21 the more tax must be paid

¢

by the corporation. Note that if Pm13 = Pm21 the corporation equates

(:L--t:)l»ICl = MC Here the MNE has two possibilities of reducing taxes

2.
by altering IE’m13 and Pm21, If the net effect is to shift the total

cost function of firm 1 up (ie. the specific effects dominate and are

positive) MC, must have declined compared to its value in the pretax

1

situation and MC?. must have risen. Therefore output of Xl declines while

output of X?. expands. This implies smaller exports from firm 1 due to

the high transfer price sz Where the ad valorem effects dominate Xl

1.
must have iIncreased while Xz falls so that trade increases,

' b

2

i

¢

>t
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In summary where the specific effects dominate 1) sales of
E’Yl expand while output of Xl contracts 25 sales of Y‘2 contract while
x, expands. This implies smaller exports ‘frgm firm I to firm 2 due to
the high transfer price on exports. Where the ad valorem effects
dominate 1) sales of Yl contr;ct while Xi expands 2) -sales of Y2 expand
while output of XZJ contracts. This implies expanding trade due to the ’
lo; transfer price sz1 and high transfer price Pm13. Total output and
sales may either rise or fall. In general one would expe:;:t contraction
since (l—t)mml will probably exceed thlB' 4Fina11y note that the
transfer price Pm23 plays no role iIn this analysis. Intrafirm trade

between f£irms 2 and 3 is not taxed and therefore does not affect output,

sales, or profits. | "

Cowptry 1 Follows the Residence Principle and

Both Foreign Firms are Branches
\

The profit-maximizing conditions are:
1 NMR1 = NMR2 = MCB’ The condition for determining total output and

sales is unchanged in the residence-double branch case from the initial y J

I

‘condition under free trade. This is because all profits wherever earned
are taxed at t percent and therefore the MNE cannot avoid the tax by
ghifging profits via transfer pricing and changes in trade flows. The

total tax incidence falls on the corporation,
(3

H

2) MRl = MRE . No changes in sales allocation occur. _ .

49
3) Mcl = MC,. No changes in output allocation occur.

2
The Copithorne ‘i;iodell[’

e

is set up quite differently but also

concludes that taxes are not shifted by the MNE. The corporation in

14. 1. W. Copithorne, op cit., p. 329 and Aﬂgendix C.

?
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his model faces continuous progressi ctions in each country.
By equalizing the marginal tax rates 1é§&ed on the pure profits of the
foreign subsidiaries Copithorne concludes that the global tax bill
1s minimized and that no changes in output or prices occur. The total
éax incidence falls on the MNE: From this he moves to the case of iixed
tax rates and conciudes that the corporation should manipulate transfeg
prices so as to shift profits to the subsidiary with the lowest tax
rate. However, he feels that this does not alter the conclusion that
no changes in output orlprices occur. Copithorne falsely assumes that
the results of the progressive tax case apply with equal force to the
fixed tax rate case. As we have seen in Chapter ITII and also see in _
this chapter generally the corporation can shift the incldence of the
tax onto consumers or factors. Only in the peculiar case where all .
foreign firms are organized as branches will the corporation pay the g
full tax with no changes in output or sales. Where tax rates are
progressiv; it is true that equalizing tax rates &ill minimize the tax
burden. However, in most countries corporate tax rates are not progres- '

sive. A model based on progressive rates therefore is of less practical

interest than a fixed rate model. In general taxes are shifted by the

corporation.
The Residence Principle Applies While Firm 2 o~
is a Branch and Firm 3 is a Subsiddiary
1) 1t t-b't 1-t t-b't

[NMR ] + 2 5o,

oprelMRy ]+ friem g - 1bE 23"

1- b t 3 1-b't

L
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4

The corporation should equate MCS stcr adjusted A!‘Xt'ﬂiil plus édjusted I’ml3

to adjusted NMR‘,Z plus adjusted ngg' The NMR of firms 1 and 2 are adjusted
by the ratio’of after tax returns to each firm divided by the after tax
return to firm 3. Since firm 2 is a branch both firms 1 and 2 face
taxation of t percent, Firm .’-f, howeve%, is a subsidiary and pays tax

only on remitted profits to fitm 1, By raising the transfer price charged
on intermediate transfers to firms 1 and 2 the corporation can therefore
re&uce its tax bill. The transfer prices are adjusted by the ratio of ’
the tax cl:ifferential between each firm and firm 3 divided by the after

tax return to firm 3. Where firm 3 remits no profits (so that b' is

1

zero) the condition reduces to (l--t:)NMRl + t:l’m13 = MG§ = (1—-t)NMR2 + th23.

In general we may expect the ad valorem effects to predominate and
therefore output and ;*,ales to decline.

2) MR, = MR,. Since both firms 1 and 2 pay taxes on earned profits
intrafirm trade between them will not affect taxes. Therefore this condi-

-~

,tion is unchanged from the pretax situation.

3) MG, -~ E:E'-EP = MC, ~ -g-:b:-t-:-l’m In allocating Qiitput the MNE
17 71t ™3 T 2 T IR ey ot o

should equate the MC of production in each firm adjusted fo the taxed
! 54

¢

intermediate costs. The intermediate costs are ta:lz deductible and are
adjusted for the ratio of the net tax differential between firm 1 (or 2)
and firm 3 over the after tax rate of return to firm 1 (or firm 2).
Note that. where the same transfer pri;:e is charged each firm the condi-
tion reduces to Mcl

= MC2 50 1no changes,/fx‘x/ output allocation ocﬁr.

In summary, where firm 2 is a branch transfers betwedn 1 and

2 do not affect after tax profits and therefore play no role in the analy-
sis. The MNE“gttempts to set high intermediate transfer prices so as

to shift trade profits to firm 3, the low tax firm. Where these transfer

-



=~

g

246,

®

prices are the same neither the alleocation of output or sales between

firms L and 2 is affected by tazation.

The Residence Princlple Applies Where Firm 3

is a Branch and Firm 2 is a Subsidiary

1-bt t=ht
1L NMR]_ MC3 s [NMR?_] - -i:_-t——sza. In determining total output the

MNE equates MM, to MC, to adjusted WMR, minus the adjusted transfer
price sza. Nbﬁlz is adj'usted by the ratlio of the after tax rate of ’
retutn to firm 2 divided by the after tax rate of return to either firm
@
1 or firm 3. Since the after tax return is higher in firm 2 RMRZ ghifts
up, expz;:idiﬁg output. This is‘partly or wholly offset by the transfer @
price effect which lowers NMRZ The higher the transfer price charged
by firm 3 for exports to firm 2 the more profits are allocated to firm 3
and therefore the larger the tax bill of the corporation. The MNE would
prefer to set as low a price as possible in order to avold tax. Note
that the price set for exports from firm 3 to firm 1 has no effect on
total outpt;t since these intrafirm profits face the same tax rate, t

percent .

2) a(lnt)ml + (t-bt)P

Myp = (1I-bt)MR,. In distributing sales, the :

corporation should equate after tax marginal revenue of firm 2 to aftem o

tax marginal revenue of firm 1 plus the tax differential on the transfer
J

pricce Pm21. Since firm 1 is the high tax {irm the MNE sets a low pni;:e

on exports to firm 2 in order to shift trade profits to the lower taxed
importer. A high transfer price will result in higher taxation and in -
order to avoid this the MNE will be forced to reduce exports, selling

°

more locally in country 1 and less locally in country 2. A low"Pm21 u

°
- «

will expand trade, cuasing Yl to decline and Yz to expand.

o
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3 (1—t)Mcl + (t-bt)Pm21 = (1—‘::1:)14(32 + (/t-bt)]?ng. In distributing
output the corporation should equate the after tax marginal cost plus

the adjusted price of.transfers of each firm. The higher the transfer
price on' exports to firm 2 from either firm 1 or firm 3, the moie

taxes must be paid by the MNE. Note that where the transfer prices

are equal the condition reduces to équating the after tax marginal

costs in each firm, and since t » bt, output of X rises while “deciines.
Note that where firm,3 is a branch transfers between,the parent firm

and the branch do not affect after tax profits. The cost of inter-
mediate goods shipped to firm 2 can, however, aFfect total output and

Eﬂe division of odtput., The transfer péic;Athrg;& on expgﬁts ffom the
uparent f;rm to the subsid}ary can afféct{%ﬁagdiviéion of safes between
these two firms. in«general the corporation attenq}s to -gdet low‘téansfer

v

prices ‘since these shift profits to the importing firm, firm 2, which

. - has the lower rate: of tax. ‘ o
% o ﬂ'Residence Principle Applies Where Both .

Foreign Affiliates are Subgidiaries

- i-bt
3719t

bt-—b t

[NMR ] +‘——-—P = MC 15'¢ Pm23

b't ™3 [NMR 1+

D v
Total output and sales are now affected by the adjusted NMR of firms 1
and 2 and bé the adjusted ‘transfer prices charged on intermédigte goods. |
The corpoé;tion equates MC3 to the NMR of each firm adjusted by the

. ratio of its after tax returnngyer the after tax return to £irm 3 plus
the intermediate transfer price adjusted by the tax differential over
the after tax return to‘firm 3‘~ Rote that where b = b’ Pm23 has no.

o

role to play in affecting total profifs. Where the MNE is constrained

o Al @

@
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in setting this transfer price adjustments in b - b' may accomplish

the same result of minimizing taxes. Or one host country may have
exchange restrictions and not the other so that manipulating 'Pm23 may
increase total after tax profits.

2) (l—t)MRl + (t—Bt)I{mzl = (l—-bt)HRz. This is the same condition as in
the previous case §ince firm 2 15 a sub;sidiary in both cases. Therefore
the same remarks apply here. The corporation will try to set a low Pm,,

to shift profits to firm 2. ’ -
b

m, g
The allocation of output is affected by the after tax marginal production

costs, and by the tax differentials on intrafirm trade. Th(; MNE will

attempt to set high transfer prices ofi exports to firm 1 by firm 3 and

low prices on firm 1's exports to firm 2. Where exchange controls exist
the ncorporation can reduce taxes hby shifting profits to the firm with
the lower allowed rate: of repatriation. Where b is less than b', 1’m23
will be small in order to ’ét'lloca.;,e profits to firm 2. .

P , o

o

Summary,;

’

In summary, where both foreign firms are subsidiaries the MNE

has the gr’eat;st scope for minimizing its total tax burden. Transfer

]

prices affect total output and the division of output and sales. Only

ki 14

. intermediate transfer.prices can affect total output while both transfer

prices of finished and“}mfinished géods can affect the division of output

[l »

and sales. Where both firms are branches the total inctdence of the
o

tax falls on the corporation. ‘Therd is no scope for minimizing taxes

under residence-branch‘rules., < Where one foreign firm is a branch and

., the other a subsidiary the MNE atWift profits to the subsidiary

-

L
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through transﬁer pricing and changes in trade flows. Transfer prices

on flows between the parent firm and the branch have no effect on total .

¢

output and sales or their allocations priceés of trade flows

between the parent and the sidiary or between subsidiaries can
affect total output, sales_and their allocation. Note that these are

the same results predicted im the horizontal integration model.

s

9

Conclusions )

«

o

The ﬁodel presented here could obviously be expanded to
include such interesting problems as the effect of variable pricing,
of differing tariff rates levied by country 2 on intermediate and finished
goads; of taxation by the host countries for different forms of tax .
relief given by the home country, of taxes and tariffs, et cetera on
the behavior of the multinational enterprise. However, the basic results
of the analysis are clear and do not differ in any meaningful way frém
the results obtained in the horizontal expansion model though the
results are generally more complicated since there are morew}irms and “ ,
more trade ‘flows to cpnsider. The p&ssibilities for avoidance of taxes
and tariffs are increased fince'tpere are“more transfer prices to vary.
The procedure for maximizing profits differs Snlx slightly from that
under horizontal integration since fn this mdﬁel there are intermediate
costs to con;ider. The rules are stgaight foyward:
1) To detefﬁfzz~z;tal output the MNE should equate the net marginal “
revenue of each secondary firm adjusted for any changes in intermediate

costs caused by tariffs or taxes to the maféinal intermediate cost of]

firm 3.

e
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2) To allocate final sales .the MNE ,shoxﬂ.& equate the marginal revenues

- b @ . .
, of firms 1 and 2 after they have been adjusted for taxes and for the .
% :gax differential or tariff on trans{er Prices. . .

- .

K)] 'To allocate f’fnal output the MNE should equate the margidal costs -

of firms 1 ahd 2 after they have béen fiadjnsted for taxes and for the
tax differential or tariff charged on trar;sfér prices,’ T
&

Previous analyses of the vertical fntegration model only

determined the total output°and sales gécessary for profit maximization,

L3 ™ [

They did not realize that in ;erer for profits to be maximized this was

v

' not enough. All three rules must apply so that profit maximization °

¢

will genmerally imply intrafirm-trade dn final goods. . .
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. : Chapter VIIL

Conclusions ,

>

Sunm{ary of Main Conclusions By Chapter
I » . - Chapter I ‘ L
o S ‘ ¢

— L 5

e v

(ﬁx«? Two important departu;:es from traditional approaches -to malti-
& \-" , &

nat;iotxg.;l enterprises are made in this dissertation: an emphasis on a
1 ~ 1F

.

microeconomic approach to MNE behavior, and a concentration én intrafirm

tra&e’gs ‘an often-overlooked facet of the direct investment process.

Mo °

By b{‘i%lding a model of multinational behavior where the MNE is assumed

+to.1) maxlmize total profits; 2) hire all of its labor and capital in
perfectly competitive mgrkets; 3) own a unique factor, of production, .

technology, on which monopoly rents can be‘earned; ‘and 4) price dis-

“

- Jo @ h
criminate between markets, one can analyze the responses of the MNE

ExY
1 - >

to variou:g bovetnmental constraints. By relaxing these.assumptions,

3
o

. ) N
such as perfectly elastic factor supply or price discrimination, one
can generate more complicated results that in themselves could become

. il v

broader topics of étu&y. The basic assumptions made here, however, do

- g . [ ¢
permit handling of the pro‘:g'::l,eK in a relatixfelyysimple fash:}on and may

not be too far removed from“actual experience to serve as useful insights

into multinational behavior. E

-

. The dissertation stresses that the explanation of the volume
Dl' to )
of i:ra&e hf;tows‘\ as® compared to the value of trade flows must be carefully

distingﬁished where ;ﬁe ftirms efngaging in trade are related firms. If

thé firms are unrelated comparative advantage can be used to explain

° -~

" both the volume and value of trade pz{tternns.a With MNE trade the volume

® 1

. rtems can also be explained by cost and revenue differentials but

°

the value of trade flows will in géneral, be determined by completely

‘
M i
LR}



‘ . 252.

¢ “ |
different forces."hince the prices charged in transactions between
related firms, the transfer prices, are internal accounting prices
within the corporation they will be determined with regard to maxi-
mizing total corporate profits and providing a method of control over
subsidiaries_ and branches of the MNE. The forces affecting the Balance
of Payments between countries will. therefére differ depending oft whether

international trade flows are hetween related or unrelated firms.

Chapter II /

Previous writers on multinationals stx)Zssed the benefits and
ccsts: to home and host countr:ies of the direct Investment process. One
explanation of direct investment is that the possesses a scarce
factor, technology, 'on which it can earn monopoly rents by prod;cing,
abroad. This scarce factor is the key to the direct investment process.
The concept of a scarce factor has been extended in this: dissertation
to include a justificationL for intrafirm trade. If the multinational
d;:es own a specialized factor not only direct investment but generally
intrafirm trade is required as & neces.sary condition for maximizing
rents on the technology. Where marginal costs and revenues differ
between related firms profits will only be maximized if the irm:s engage

in trade since through trade the MNE can shift output to thellow cost

plant and shift sales to the high revenue” market. Therefore |cost and

. revenue hifferentials {that is, comparative advant‘fages) provide a

¥

ratidénale for intrafirm trade; the volume of trade flowing from t}lé .
low cost~low revenue firm to the high cost-high revenue firm. One resul
of this trade is that it is ‘"efficlent” in the sense that any given

total output of the MNE is produced at minimum cost. N

* '

b
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Under free trade, then, ‘the direction of trade (volume) flows

- v

-3

between related firms is determined by cost and revenue factors as is

v

[ )
trade Between unrelated firms. The transfer price charged in these
St :

T >
transactions cannot affect MNE behavior since the transfer price under

ot o

free “trade determines the distribution of trade profits between firms

A
b

but does not affect total profits. Where external constraints such as

tarlffs and tax differentials are imposed on the MNE its response

Ll

depends on whether or not the transfer price 1s constrained, If the MNE

is free to set its transfer pricing poliey:it will gene;Llly alter these
f}
prices so as to minimize the external costs imposed on it. If the MNE

1s constrained to follow a particular pricgng policy, either due to

i

government regulation or internal control fonstraints, it will react

’

to trade barriers by altering res?p;geiallbcation deqisions, trade flows,
dividend remittance rates, interest paymean, et cetera. The resulting
changes in trade flows, output and sales al%ocations, and prices will
depend on whether the transfer price is "h}gh" (ab;ve marginal cost of
the volume of exports under free trade, Hcl), "Tow" (below MCl under
free trade), or "equiliby}umg‘(équal to MCl un@er free trade)., In
addition, the changes will dependkon whether tée transfer price is

fizxed or variable. This distinction bétween fixed and variable prices
S

does not appear to havé been made elge%here and it yields some interesting

results. Although price changes in the real worxa are not as frequent

<

or small as those posited by a continubus export priépivolumevrelation—

ship the assumption of variable transfer prices yieldé some useful

1:01_ o‘
insights into corporate responses to equrﬂal cqnstraints.

“w -
1 ) ¢

- v
v ~ !
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detalling the effects

on product markets (Horst,l

The model deIeloped”in this thesis also breaks new ground by

‘f MNE behavior on factor markets. Some work

i
254,

14

Coﬁithcrnez) has been done but no micro-

| economic model of factor market changes induced by constraints on the

multinational is avallable.
markets are gesumed but comments on imperfectly elastic factor supply
responses to the resource allocatipn decislons of the MNE are included.

By‘including factor markets in the model one can compare the standard

oy

1

Generally, perfectly competitive factor

international trade -factor market theorems with the respoﬁses predicted

here.

i
i
!

v

for free trade, that both countries move outside their production

The whole drgument of the gains from trade.isvreexamined

a

from ghe viewpoint of multinational trade. The first best argument

’

ot possibility frontlers and reach higher 1eve}é of economin»weifé%e,

v l\

does not mecessarily hold for intrafirm tréde. In the pretrade situation

|

as A

monopoly in product markets causes an inJtial welfare loss in that o

o
Y

' marginal rates of gsv.xbst::I.t:uti:m {MRS) exc‘.eed‘marginal rates of transfor-

. countries are brought into eq
by intrafirm trade.

possible the MRS of both countries ar

o

mation (MRT) in each country.

%de opens up the MRT of both v

. that global efficiency is increased

If price diécr; nation between coyntries is not

1lso equalized but since equalized

MRS still exceed equalized MRT the loss in welfare due to the MNE

pérsists.

of demand gains while the country e

The country exporting th:igood with the lower elasticity

orting the good with the higher

elasticity of demand suffers-a loss/%f welfare. If price discrimination

is possible an additional welfare H&rden is imposed since MRS are not

1.
2,

Thomas Horst, 19i2.
L. W. Copithorneﬁ 1971.

i
i

o

t
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equalized between countries. Therefore the terms of trade argument
for free trade holds on efficlency grounds but not on equlty growmds
when intrafirm trade is invo}ved.

The second best arguments for free trade are based on the
gains to different groups as a result of free trade. Under free intra-
firm trade the groups affected are the related firmg, the factors
employed by these producers, and the consumers of the product of the
MNE. Intrafirm trade unambiguously raises total producer profits 1if
there are cost and revenue differentials iﬁ the pretrade situation.
While totai profits are increased by free trade the division of profits
depends on the transfer price charged on trade flows. A low transfer
price allocates most trade profits to the importer while a high transfer
price shifts profits to the exporter. The galns to factors and consumers
from intrafirm trade are, however, ambiguous. Consumers in the %mporting
country .gain since prices decline while consumers in the exporting
country suffer a loss in consumer surplus. While the division of the . -
gains is éherefbre predié;able the net impact on the whole group is
not. Similarly the division of factor gains is predictable while the
total e?fect is not. 1If factors are perfectly elastically supplied
to the producers intrafirm trade does not afféét factor incomes in each
country. 1If the MNE can affect factor prices the intensive factor
in the expanding firm gains absolutely and relatively compared to other
factors employed by that firm while the intensive factor in the contracting
industry suffers an absolute and relativé loss. The opening of traée
also causes the marginal products of capital to be equated in the two

3

firms since capital is mobile acropé national borders.

£3

&

S
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‘governments of these countries have attempted to redistribute these

’ 256.

The thesis also expands the discussion of group gains from

“ e
1

intrafirm trade into a discussion of the effects on the national and

}

domestice Income oﬁiboth countries and on the Balance of Payments between !

s

them. Domestic and national income are distinguished since residence

of factors and of profit flows is important for national income. ‘The

’

) Balance of Payments is affected in this context by commodity, profit

and capital flows.

&“

Chapter III

)
-

T Because output and sales allocation patterns and transfer

o

>
“

pricing policies of multinationals determine the distribution of the

gains from trade among the countries whsre multinationals ' operate, the

gains in ,their own favor through tgade barriers. The most common of

trade Parriers is the tariff. The %tandard argument in favor of tariffs |
is that the country levying the tariff can raise domestic production . .

of the prote&ted industry, lower iqporﬁs, and purchase these imports
at lower cost 4f the country can affect its terms of trade and the
other countriés do not retaliate. ‘Under intrafirm trade the effecfé
of a tariff depend on whether the transfer price is fixed or variable.

A fixed transfer price has the standard results--imports decline, .

domestic output of the protected industry riées, the terms of trade

k]

turn In favor of the country 1evying the tariff. With a variable tramsfer

price 1t is possible that the e#act opposite may occur; that is, trade

‘~

expansion, smaller.domestic output and a worsening of the terms of trade.
{ ~

If the transfer pric; falls ag the volume of trade rises (as it does in
¢ - /

i

/
cases where the transfer price is based on average costs or revenues of
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v the importing firm) 'the MNE will attempt to reduce tarlff costs by
ggpandfﬁg trade. This "rotation effect" may or may not be outweighed
%s;the "ad valorem effectsﬁ’of the tariff inducing tr;de contraction.
' The possibility remains that the traditional argument for tariff
protection may not hold under intrafirm trade. It is also gseful to
note that many governments now require that transfer prices be based
, on "fair market value," If this is falr market value iﬁgthe country
of export trade unambiguousl§ declines for both fixed ané variable
transfer prices since the high transfer price contracting trade is rein-
forced by the positive éxport price~volume relationship. If, however,
it is fair market value in the country of import a wariable transfer
prieing policy may cause trade expansion and less protection to the
domestic industry. .

. Under free trade the MNE produces its output at lowest cost.

The tariff induces a distortion into these resourég allocation patterns

N

that generally (except in the variable case noted above) causes output
expansion In the high cost plant; sales expansion in'the low revenue
market; and a £all in trade flows. By reacting to minimize tariff

sts the MNE incurs two excess burdens of higher production costs and
lower revenues. However, the actual tariff costs plus the two excess
burden expenses must be less, in total, than the tariff r;venues that
the MNE would have paid oqxthe initial trade flows. Total prof%fs Eall
by mofé than actualvtariff costs but the new distribution of the MNE
profits is uncertain. Profits on domestic sales of the exporter and

on domestic production of the importer increase but trade profits decline.

2

The distribution of the smaller trade profits plus the tariff costs

affects the division of profits between the two firms._ The tariff,

LT O
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by inducing changes in ﬁradg“flows and output and'sg}es patterns, also
affects the consumer and factor gains f{rom trade. _gonsumers of the
product of the contracting firm gain cons&mer surplgs since prices
decline while consumers of the expanding firms domeétic sales suffer
losses. In perfectly competitive factor markets the tariff, by drivf%g .
a wedge between the marginal revenues of the two firms, causes marginal
factor productivities to diverge. Under free trade the marginal
praductivitonf capital was everywhere the same while under a tariff
these productivities differ since the MNE takes factor prices as given.
1f factor prices can be affected changes in factor incomes occur depending
on supply elasticities and changes in trade flows. In addition to
changes in group gaing the tariff induces changes in domestic and
national incomes of the countries involved and in their trade balances.
Generally the trade balance of the exporting country suffers as exports
decline and remitted profits fall unless these are offset by increased

inflows of capital earnings.

Chapter 1V

The MNE determines its resource allocation patterns not only
in response to tariffs but also to corporate income tax rates levied
on the profits of its related firms. In this-sense multinationals

(3]

differ from large national firms who face only the external constraint

of tariff barriers’singe tax rates are assumed uniform within countries.

-+ Under MNE‘@rade both corporate income taxes and tariffs are barriers

-

to trade. This is a crucial difference often migsed by writers who
&

equate removal of tariff barriéers with free trade. By assuming the

corporation hires all of its capital the corporate income tax can be
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reduced to a tax on pure profits¢ that is, a tax on the monopoly rents
cared on the scarce ‘factor owned by the MNE. A pure profits tax on
monopoly profits is usualiy held to be meutral in that the mencpolist
absorhbs all of the tax, passlng‘ﬁbne of the tax incidence to consumers
or factors. The case of a neutral profits tax can only be applied to’
the MNE ynder speciel circumstances. Usually, the profits tax is

nommeutraly alters the location of factor employment and disturbs

internatibnal commodity flows; that is, the profits tax is globally

%

inefficient.

#This chapter assumes that the home country levies a tax Qh
pure Rrofits of the MNE, 1If it taxes on source rules only profits
of thé domestic firm a£zk£axed;“if it taxes on residence-branch rules
both éirms are taxed at the same rate; and if regidence-subsidiary rules
apply:only remitted foreign profits and domestle profits are taxable.
By 1eéting "W (oD < 1)“s£and for the fraction of the foreign firnb
profits legally taxable (not actuvally taxed since these may differ) in
the home country, the effects of the tax on the MNE can be reduced to
dependence on two factors: the tax differential (t -~ bt) between the
two firms, and the transfer pricing pollicy of the MNE.

With a fixed transfer price there are two con%licting factors
influencing multinational behavior. First, if the tax differential s
positive, the MNE has an Incentive to shift profits to the foreign
firm where they face a lower rate of tax. If the domestic firm is the
exporter these ad valorem effects therefore are trade expanding. Second,
the higher the transfer price charged by the domestic ffrm for exports

to the foreign firm, the greater the share of trade profits allocated

to the exporter and, the larger taxes pald to the domestic government.

*

v
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These specific effects are theréfore trade contracting. If a high

9 %

transfer price is set the gpecific effects dominate the ad valorem
effects and trade declines, A low transfer price similarly causes

trade expansion while an equilibrium transfer price generates no changes
in trade flows and is globally efficient.J If there is no tax differential
(that is, residence-branch rules apply) all profits are taxed at the

same rate wherever earned; the total tax imcidence falls on the MNE;

and again the tax is globally efficient. Raising the domestic tax

rate or increasing the tax differential by lowering the rate of remit-

¢

tance, causes larger trade flows, ceteris paribus, and is therefore

¢

less neutral.

With a variable transfer price the ad valorem effects measure
the impact of the tax differential on marginal revenue minus the transfer
price and on marginal cost minus the transger price. With a high transfer
price and positlve tax differential the ad valorem effects areyirade

¥

contracting since mogt trade profits are allocated to the high taxed
exporter. A low transfer price is trade expanding since itpshifts profits
to the importer. And the eq;ilibrium,transfer price has no net ad valorem
effects since the benefit of shifting profits. to the foreilgn firm is

just offset by .the higher home taxes on the transfer price. The tax

has a second effect with a variable transfer price in that changes in
trade flows cause changeg in the export price and therefuore affect the
per unit distribution of trade profits betweeQ the two firms, A positive
export price-volume relationship is trade contracting while a negative
relationship is trade expanding. These ad valorem and rotation effects
may complement of conflict. with one another. Generally, the ad valorem

'

effects dominate go that the net result is predictable. Again, if

&

3
e
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residence~branch rules apply the rotation effect disappears since there -

is no tax differential t‘on induce changes in trade flows.

- -

Since the profits tax applies to two-way trade flows it can

cause trade expansion, contraction, cessation, or reversal. The effects
R 3

. ot output and sales allocation, prices, factor hiring, the gains from

trade, national and-domestic income, and in the Balance of Payments,

.

all "depend on the change in trade flows fnduced by the tax. The effect

on resource allocation arp,@ on factor hiring and factor productivities

0

depenc‘& therefore on the tax differential and the transfer price. Where

LS

. the tax is nomneutral producer profits fall by more than actual tax

{
costs due to resource distortions. Actual costs must be less than thg

*

® tax costs that would have bheen paid if the full tax incidence had fallen

on the MNE (that is, in the residence-branch case or if a fixed equilibrium
! ¢ e

trans/fgr pricing policy is followed). The division of. producer after-

tax gains is awbiguous. Changes in consumer and factor gains from trade

§

’

depend on changes in trade flows induced by nonneutral tax. Nonneutrality

also induces changes in domestic and nmational incomes and in the Balance

¢

.0of Payments. -

«

Chapter V -
. #
When both governments levy pure profit taxes on the MNE the

: analysis is complicated by the fact that the tax differential can now

’ ‘ be positlve or negative. Under source rules each government taxes ,

[

* only domestic profits so that no double taxation occurs while under .

residence rules both governments tax the profits of the branch or
. -

subsidiary. Unless the home government grapts full tax relief for

forelgn taxes paid on foreign profits some degree of excess taxation

¢
i
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-

occurs to induce distortions. ‘fhe chapter discusses the effects of

» - a

four possible kinds of tax relief symbolized by "c": no tax relief,
deduction, regular credit and LDC‘credit: The tax differential now
depends on the form of tax relief granted by the home govérnment since
if* is the actual differential (tlvtz—bt1+c) rather than the stated
differential (tl~t2) that influences MNE behavior. Given the actual-
tax differential'the multinational's response will depend on the
trangfer price, whether high or low, fixed or variable.

If no tax relief or deduction of the foreign tax is allowed
soma‘degree 0; double taxation occurs. The direction of trade flows
induced by the tax is therefore the same under these forms of tax reliefo
aithough the change in trade flows is smal%er under deduction rules
since the degree ;f double taxation$is less. Similarly both regular
and LDC credit cause the same direction of change in trade flows (with
one exception) but the volume of change is smaller with the regular

“credit sinece theatax differential is smaller.
Total tax reévenues received by both governments are maximized

)

~ if the full tax incidence falls on the MNE. This is most likely to
occur under the reéulai credit method since it yields the smallest
tax differentials of ;il ggur forms of tax relief. Taxes are also
‘maximized if an equilibrium fixed transfer priceiis used because since
marginal export profits equal marginal domestic sales pxofits equal
zero the MNE gains no tax saving by shiftié% profits from exports to
domestic.use or vice versa. In summary, the tax structure i; globally

efficient if: 1) t =t and source rules apply, 2) t, =t and regular

2
or LDC credit rulesAapply for all 0 < b < 1, 3) t1 exceeds t2 and b =
ty-t £,-t, ‘
“~=—= under no relief; b = —=—"— under deduction; and b = 1 under
t s

&

-

i)

-~
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3

- = regular erediti &) ty exceeds ﬁl, b = 1 and the home government grants

r

o

B

full refund; 5) the MNE applies a transfer price fixed at the level of

°
<

marginal export cost under free trade.
»

) If full neutrality is achieved no changes in resource alloca-

°

tion, prices or factor incomes occur. However, internation equity is

Y

affected since the foreign government through taxatianqcaptures“ part

of the home goverhment's national profits. In this manner the host
\ a

>
government can redistribute the gains from trade in its favor without
‘affecting global efficiency., If the taxes are nonneutral further

changes in internation equity cccur as the taxes induce changes in

consumer surplus and in factor incomes.

Chapter VI /

o 5 -

When both profit taxes and tariffs constrain the MNE the

Y

/
two forms of trade barriers canm reinforece or conflict with one ancther.

For example, a vtazc differential inducing trade contraction will generally

&£

(with the variable pricing exception previously noted) be reinforced by
\ 7

tariff on :{.mports so that trade‘volume unawbiguously declines. yWhere

%
D

the tax and trade éffecﬁs .conflict the MVE weighs one against the other.’

If the tax differential 1% zero or a fixed equilibrium transfer price

applies tax policy is impotent and only the tariff effect remains. In

B .

role in influencing multi-

-

all other cases tax policy has an important

a
¢
I3

national behavior.-
N A
N 4 * .
Chapter VII

?
-

The basic model developed in this thesis assumés intrafirm

Q,Kgé.ry manufacturing

o
@ i

trade occurs between horizontally integrated sec

+

-~

——
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‘ a

flrmg engaged in selllng to consumers ‘in their domestic markets.

>

o
ﬁrav
firm trade also takes place between mationally Integrited firms where

a primary firm supplies related - secondary Firms with intermediate

goods. Chapter VI; outlines a vertical expansion model demonetrating\

that the results obtalned in
to vertical intrafirm trade.
uﬂh;mize

prices Involved.

e <

secondary firms equal the marginmal cost of the primary firm.

\

1
the horizontal model apply equally well \ 0

The MNE in fact has more {flexibility to.|

o N
ternal costs since thexﬁ?age more trade flows and;transfer !

Previous writers on vertical iﬁtegration suggested

°

9

|

"+ that MNE profits were maximized Where the net marginal. révenues of the

The moég} ’

. ooy , ot M " o
in Chapter VII proves that this condition while necessary to determine
d4 ] -

the total Quzput of.the MNE s not sufficient for total profit maximix”

o

zation.

- °

In addition, the marginal revenues of the secordary’ firms

o . < [’] -
must be brought into equality and their margipal costs also equated

N N

a

o

. +8ince as long as Cﬁgs—rebenueGdiffereﬂtials persist ﬁfofits can be

e 4 ‘

increa ed thHrough intrafirm secondary ?rade.

prices do not” affect profit maximization butrdo affect the distribution
L% [ v

-

of profits among the firms. -

X,
A 4

. or both,

4
Y

\ Tariffs can now apply to primary or secondary trade® flows °

'Under free trade transfer

-

LM ) 4

L

“ <

A tariff‘on éecbndary trade does not affect total output but
, -

[}

does shift the distributioq of output and sales between the secondary

w . 4, . e
firms as trade (with fixed transfer prices) contracts.

4 -

A tariff on

9

grimary impbrts causes’ tﬂtal output to decline and reduced production

* in the imparting firm protected “by the tariﬁf.

« «

; Increased secondary exports to the,ﬁontracting firm to replace domestic

production. N o

*

- o ¥

Thé tariff also induces
A

Al L 4

“\’j& &

i e
e

e = .
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-

The model only outlines taxation by the home coumtry of MNE

o

'profits. JUnder gsource rules only dbn@stic prt;fits are taxed so thit
‘ the MNE éhift:s profits out of the highbtaxed firm via low export prices

on its secandary output and high fmport prices on its primary i.nputs.

Under residence rules MNE behavior depends on the, tax differetmial and '

¥ h

oy the transfer price. Where both foreign f:mns are branches the tat,al .

, 1
\ tax incidence falls on the MNE dnd global afficiency is not diStubedw Toe

.
9% o - ?

o . Where the secondary impc:rting firm is a branch°the MNE shift:s profits

.
'

. ' to the p"rimary firm via high'ﬂtransfenx prices for primary inputs. Where

o ® - ‘e L n

. the primry firm 1s a branch the MNE sets low import: transfer priees

1

&
'S
.

L to the secondary importer firm. Where both firms are sub,sid;pries
f the MNE has the greategt scope for tax ‘minimization under, “;:esideﬁce L
» 0 ® b4 [

= rules. - e .

a = p
" W : » *

‘ New Directions:” e - o .
~ 4 2 ra

. This dissertarion is necessarily incomplete. It "attempts to

o uut{line a broad ;opic, to offer new insights; and to Taise’ questions. .

w7 Its incomg,leteness falls into five areas: assumptionsn, ‘the model, v :

"
Iy

macroeconomic approach, policy~thaking, and testing. .
9 v - ’

) ‘l'he agsumptions were made In order.to more easily handle o

the subject matter but some costi in t:erms of Jdack of re:tevance may .

,

be involved. If the assumptions are modified® diffe‘rm. rTgsults wh‘ .

v
~a o o

be generated.' The model assumes.that firms can-price di&criminatev‘ oo

«
,,r b}

. s . . between markets. By assuming.prices’are constrained by the tariff “

»
bRl -

(as does Horst ) the model generates more complex Tesalts. ‘The model

B k . .
o asgumes the related firms are mnopolistsm their domestic market. , \ P
o N “J ;
i » . o, .

= 3! HOZ‘SC,D].g?z‘ — ‘e @ - £ ) "

N ! * [4 - 'u' at \n 4
B v o ) 9 - °
AN Vi * &
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o . ding or maxim@gingﬁdoméstiqgpfofits at the expense of foreign'profits,.

2

e

,Fhe effects ba}gaining powers, increasing monopoly power, eted have

w1

Lcould be dropged and more carefpldittentian paid to trhe resulting

so that the corporate income tax could be treated as a tax on
Y - @ . ///
profits. By allowing the MNE o own eapitalfdirectrjigyafzions can

* - v
be introduced into the capital market. The moéél also assumes the goal

s

of the MNE is to maximize total profits. Other goals, such as satisfic-

1
°

are not consldered: " Trangportation costs and nontariff barriers to

trade such.as quotas are ignored. .
[} ot « v
R The vertical integration model could be more rigorously

developed since only,fixed;;rénsfer prices, and home country taxation

3

are agsumed. The gaing from trade and the behaviour of factor markets

were not developed. A more regional approach could be taken to include .
federal, provincialvana local taxes. fMore emphasis could be placed
o under and over invoicing methods and the substitutions between

L

dividenda, 1nte?%§€ payments, royaléies and transfer payments developeqa

in more detail. 3 )

*‘4t  This is a microecohomic model of MNE behavior and as such it

could be geﬁeralized‘to study how groups of multinationals in a general

’ equilibrium‘frame&ork respond to freé trade and to trade barriers. The |

modél could be developed to apply specifically to the less_developed

“ ;
o«

countries.

. @ i gy - Horet, 1972. ~

/.

[N ! o

.
¢ " 8
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From a policy viewpoint an élnde.pt:h study of curren¥ govern- ¢
. e mental regulations and their implications in t’f}e '.l_ight: of this model
could be rewarding. The model could be used asn a basis for bullding
an effictent and equitable °:Lnternatxional K system. The implications

of the model, for labor groups, for the Balance of Payments, and for -

>
2 * .

. joint ventures and rationalization of industries could be outlined.

The Tnited Btates Section 482 guidelinesnon transfer pricing and rules

S
[

1 such as "foreign fair market values" need to be reevaluated with respect
‘to the implications of the model. Some of the policy implications “

o

of in‘i:ernaﬁional rade theory need to be modified when multinational

°

o

& s

-

trade is invelved. ' ' " .

.

And, £inally, this dissertation outlines a theoretical model

Y

that does not f.f‘m:clude any testing of its predictioms. . If the data °
becomes available {perhaps through the current United Nations study

3 ¢ N s !
or through government %agul_ations requiring more disclosure of corporate
@ » Q 2

Information) it should be possible to test the medel for one indystry

o oat !

P
w

< ' ‘\- "
. conditions, transfer pricing policies ang trade :aflows are known an .«

s
o :

miy

irical study of the reaction of, an MNE.to changes in taxes, tariffs,

or groups of multinationls.: If tax and tariff data, demand and supply T

t: ) ) . . ° R RS N . -
&9 eransfer pricing regulations could be made. This testing would .
o T " “ N u N [
x&first, test the validity of the modeél, and seéend, be of use to policy
: makers in selecting policﬂyﬂ responses to the multinatidnal enterprises
b i & nlﬁ 8 . ? ' v,
.  in their midst. A . . .
Y o ‘ “ !
Fl ° s [¥]
. S ‘Conclusions . - o .
® . o . ’ "
& 4 . -
The basic premise of this dissertation is that multinational -
. trade does differ from trade b%.tween unrelated firms. It differs because '

z - ~ g
o

? e
A ® . « a.
v 1
+ »

s 4 1 P )
* o
B
;
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§
the goal of the related firms is to maximize totalx profits and because

the price charged in these transactions is an inte%xal accomnting

5

N

‘ price that can be manlpulated by the MNE, Because i\\ixtraﬁirm trade is
different traditional international trade and public \Q:Lnance theorems
may not hold. Free trade may not maximize global welfare r;or bring

AN

manbiguous gains to all parties to the exchange. Tari _f:'s m3y cause
y .

B

.o
_ trade expansion instead of contraction and injure rather ‘!\:h;m protect

»

i

the import~competing industry. Fair market value pricing mg\y cauge

more market distortions than marginal cost pricing. For th \\mult'i- .

. o, N
national corparate tax differentials are as much a barrier to free’
. - trade as are tariffs. A pure profits t'ax will not generally fall

wholly on a monop'olist if that monopolist is a multinational firm.,

>

Tax neutrality can be achieved by equatifig actual tax rates across

-

comtries or by forcing the MNE to set a fixed equilibrium transfer
price. Regularscredit is the most neutral form of "tax relief available
; o

at the present time. If tax neutrality is achieved, internation equity~

)

» is affected if the, foreign government tages pr,ofﬁ:s. - Tf tax neutrality

‘is not aczxieved further distortions in internation equity occur. "-Where

both taxes and tariffs apply-tax policy is tot impotent. Under vertical

ixategratiun profit maximization generally requires intraflrm<s”éi:ondary

°

-

trade flows. ¢ . ° s :

4

Left to itself under free trade the multinational enterprise

[

£

- 7
‘ will alloqate its resources so as to produce its output at minimum

o cost. However, the distribution of trade. gains,that results may hot -

-~

& 1

be equitably divided am¥ng the countries pgrt?tcipatinﬁ in that trade.
‘ . L3 -
For this redson governments now impose various tr%de barriers and
. tradfer ‘pl}icing constraints on multinationals. These uncoordinated

¥a &* » o - \

@ B b ' * . a

K
%
-

Y
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constraints cause market distortions that may actually lower the gains’

D

to all coumtries compared to the free trade gituation. The greater -

the tax differentials and thL\e higher the tariff barriers, ceteris paribus,

3

the greater the distortions in resource allocatlon and internation

\\',»...} 5 o
equity. Ii governments could agree on an equitable distribution”of

%
the trade gains a tax structure could be developed that was both meutral

Y

and equitable, This tax structure might involve a move to residence-
branch rules with regular credit tax relief; or to source rules with
equal stated tax rates: or to regulating transfer prices based on .
marginal éxport costs under free trade. In additionm, global efficiency
would alsc require that tariff barriers be eliminated. In summary,

in order to allow the multinational to operate efficiently and to also

€t

ecguitably distribute trade gams among countries, govemmﬁts should:

1) reduce tariff barriers t¢ tirades .
X

2) agree on some method to édurtably share in t}?e benefits from multi-

N
¢ ¢

national trade; and” " .

i '

°

‘3) develop a globally efficient 1ntemational tax structure“and/or

L o
b f ! ' B

. indute trmsfer pricing at marginal export cost un.der Ereea trade.
® - 4
F:i.nhly £o- quote Jack Behrman, ‘
This, thgan, is' the fundamental challenge of the MPE: natiohs,
in reaching for economic efficiengy and growth through this ~ ., >
enterprise, and in attempting to find _solutions to its
- challenge to sovereignt:y, will have to come to grips (expli~ .

citly ox implicitly) with the social values underlying .
the internaticnal economic system and the principles of ‘
equity on which it is based.' However- governments decide :

v to respond, they will be embarking on an exercise in sharing,

PA)

| ,1':

The paradox “of this challenge is that, in seeking the appro- N

. ptiate principles and methods of implementation, govern-

.  ments can have the ready assistanke of the MPE itself....
If it 1is necessary that national parties share in some

specified fashion in the bemefits of economic intégration, .

4

_ for which there are no acceptable principles at pf:esent.... e,
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4 ’ ' o
: the enterprise can readily arrange 1ts own operations so
R that these shares are gecured. Governments will have to
‘ enunciate the principles of sharing, but the jenterprise
can translate them into practice.’
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Appendix TTI[1 . s

Profit Maximization Under Free Trade )

Assumptions of Model

I =R -Gk I’mZM - Pmlnl | S g

[
© L3

., where PiYi is valve of i's domestic sales Py = £(¥;) dPk/d¥i < 0
Gi is 1's cost of production C; = f(x% dci/dxi > 0

PmyMy 1s value of i's imports

L

TTiW:is pure profits of 1

fy

=1, 2
B T

M = X, - Y,

MI +Y, w0 .

7 = 9T +pTT2", o n . ,

«

The goal of the corporation is to.maximize TT subject to the above

| “a “« * - 3 N !
constraints.. . - - > g
' a o i
@ ]
(SR A N
. - 0 - ‘l ’ ~

a A
/ n !

First Order Conditions for 'Rrofit Maximization@mder No Trade

If the firms -do* not enga:ge in trade Pm1 = Pm = e ’
Tl &= P1Y1 b 1 ‘2 Q ’: ) w oo . ) L .
b4 i - 1[ 2 ¢ .
TT, = P2Y2 c, DR e A
= = = o r ok
where Yl X and“wYZ X, y o
3 ) i LT '
o - - > a 'Q i c
IT = Pl‘il Gl + P2Y2 Cz \ ) \a/
* RN , .
- o
. q
¢ © - . ‘ P
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3

T SL/oA = X

o
(RT

8

[* a

Goal of MNE is togmaximiza TT subject to constraints ¥

4

-

2 =%

n

+ h(x

\

= Pl?l Gl + P2Y2 CZ

aLlaYl =P +Y

1 7Y dPllle

- =m0

SL/Bxl = *dclldxi +A=0

§
t:*:\\
szlde -8 =0

=P, + Y

3L/3Y2 2 P

BL/BXZ = —dc:.zldx2 + 8 =0

1~ ¥ =0 A

/88 = X

9 = Y, = 0

272,
‘ it

1 ® Xl and

¢

¢

1,0+ 6(%,-Y,)

l;

constraints must apply

' 5

First order &onditfions for profit maximization under no trade are:

1) MRl EIMGl ‘

[y

2) MR

9 = MC

2

-

N

N

=
s

hd -

First Order Conditions for Profit Maximization When Firmslﬁngage

in Trade

=P.Y, - C, +Pm

TT; = By¥; = €y + PoM,y ~ PmM

11

TTZ = PZYZ - 02 + P, M

11‘;‘PmM

272

where M, = X, ~ Y. =0

2 1 1

‘1.

L

» dP ldY = d4C /dx

’

«
]
ﬁ s
>

3
d k4

L} e

Explicitly assuming demand and cost independence between .the firms“
That is dP /dY

Journal of Business, July 1956, TP 172—184.

= dC /dx = 0. See Hirschleifer,

=3

\‘7

EN
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/

Hl = X2 - Y2 =

Ml & Mz = . i
Goal of MNE ls to maximize TT subject to congtratnt Xl - YZ -
X, =¥y =0 ‘
LTT P].Yl Gl + PZYZ - CZ + A(X +x2=~'iz 3&'2)

N

aL/aYl =P+ T, dPl/le - A=0 . .

8L/9X1 = ;—dclldxl +A=0
LY
BL/E)YZ = P2 + YZ sz/de - A =0
BLIBXZ = --dCZ/éiX2 + A =0
OL/3A = X, + X, - ¥, - ¥, = 0 (constraint) v
3 L 1 2 )
A= MRl = MCl = MR2 = MCZ first order condlti;on under trade

— - BN

Appendix IT.2

Factor Utilization Conditions Under Free Trade

Q
<

T

Agsumptions of Model

¢, = PLiLi + PR, K. where PLi -.,-~f(Li) (1 =1, 2)

PK = f(Ki}
X, = f(Li, 'Ki) where :cz\}{i/dlz.:f » 9 cllxi/diti >

s

. [l
a
‘ Y

Profit -Maximization Under ,ﬁo Trade ’

TL = BYy - € = PYy - [PLyL, 4 BKK]

1 L

T‘l"2 = P2Y2 - CZ = P2Y2 - [PLZL + PK K ]

where Xl = YI and zz = Yz , .

Zo

LY



TII.

274,

T =P "1'1 +P2Y

! - PL,L, = PK.,K, = PL,L, - PK,K,

2 1”1 171 2 272

The goal of the corporation is to maximize TT subject to above

constralnts.

Lop = Pl‘il + By¥, - ?LlLl - PREy - PLyL, - PE,K, + A(xl-*il) +
§(%,-Y,)

81./‘8‘:21 = ?1 + Yl d}?l/le ~A=0

‘c}L/aYZ =P, +¥

2 2 dI’zlde -8§=0

BLIBLl = -PLl - Ll dPL]:/dLl + A Xm/d‘Ll = 0

it

BLIEK]_ -PKl - Kl dI’Kl/dKl = A Xm/dLl =0

3L/BL2 = —PL2 - L2 (:I}?LZIdL2 + :§ dlesz =0

AL/, = ~PK, - K, dPK,/dK, + 6de2de2 =0

Rearranging

PLl + L1°dPL1/ dLl . I’Kl + Kl dPKlldKl

Xml Ky ‘

PL2 + L2 dPLZIsz PKZ + KZ dPKzl dK2

= »
2 . dlefiLz dledlcz
That is 1/nml = MPLlfmml = val/m{l

\ N A

A=MR =
2 XmldLl

I

a

1/¥R, = MPL, /MCL,¢= MPK, /MCK, *

Each firm maximiges profits by producing where costs are minimized.

That is, by equating.the marginal productivity per factor dollar of

each factor to’the inverse of marginal revenue. Note that MR, does
¢

>~

not nemgs’farily equal MRZ. .

%

v;' Q’I t
Profit Maximization Under Intrafirm Trade s

1

TI, = P¥; = PLLy = PR,

{/‘r




A

Iv.

) r ? a' 2750n

¢

1T

g =¥

aly = Pholy = PE,K,

where lerxz - Y.l - YZ = ()

-

Loy = B Y

- 17y + B.¥, - PLL, - PRK, - PLoL, = PK,K, *+ Mxlmz-ylﬁzj
aL/aYl = MR, - A=20

QL/BYZ EMRZ - A=

§

81./81L, = =-PL1 Ly dP]i/dLl 4+ A dxlldLl = (3

g

it cor :
aL/axl = ~PK, - K, dPKl/dKl + xvdxlldxl = Q

8L/8Ly = -PL, - L, dPL,/dL, + A d&,/dL, =0 p
91,/91{2 = -PK, - K, dPKzldKz + A dledKz = 0 v
Rearranging ~ Qw*l;,b

A =~MR1 = MCLl/!ﬂ’leﬁ MKllw.’Kl = MRZ = MCL;:,,II*IPL2 = MCKZ/MPKZ

or /MR, = L/MR)"= MPL, /MCL, = MPL,/MCL, = MPK,/MCK, = mxz@gz

4 ’

Under intrafirm trade the corporation maximizes profits by equating

[

the marginal producti 1ty per factor ;iollar of each factor to the

inverse of the marginal revenue of each firm. e .

- 9
A
v

©

4

Perfeet Competition in Factor Markets

" L]

By assumption both firms purchase their factors in.perfectly 1
compgtitive markets so that dctions of either firm have no effect

¢ T

on factor prices. The profit maximization conditions therefore
become: '

No Trade: B a
1 a t '
1) I/MRl‘ = MPLJ_/FLl = MPKl/PKl
2)%1/@4!{2 = MPK’,?’/I-‘K2 = MPLZIPL2 .

i



P ——

T

276.

@ '.l.‘rade:wr l/MRl = 1/1'132 = m}l/I:LAl = 1‘41?142/'1’1,2 = HPK:L/,?K], - MPKZIPKZ.

¥

s ¢

n

. V. Capital Market '
{

b

By assumption t*le capital market is perfeectly mobile so Pg:l = Plcz.

2

e . @
Under ihtrafirm trade therefore MPK,/PK, = MPK,/PK, and MPK, = MPK,.

<

- “ When there is:no trade MRl $ rmz and therefore ME‘F:1 ¥ MI’KZ,

P . , .

a

although PKl\- PKZ:.*
Appendix 11,3
~ Cglterla for Changes in Total Output.and Sales
When Trade is Introduced -

£
B .
% ! 4
"

' s

3
<

I. Assumptions - ‘
MR, = a, +b,Y, .

*lm2’~32+b2Y2. q )

Mcl =‘= c.l oh dlxl ) \ 1
MCz = cz + dzxz e R

2 [

where bl’ b2 <0 dl, dz >0 MRl,'MR oy MGl, HGZ are linear curves

. . 'y B ,
Rearranging \ & .
1 T .
¥, =0R;~a)/b, . Y, =(R;-a)b, , (\
. Xy =(MC,-c)/d, X, =(MC,~cy)/d,
Under no trade firm 1 produces where MRl = Mcl‘ .

a

Under no trade firm 2 produces where MRZ = Mcz.

a v 3}
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When intrafirm trade is introductd the MNE: . L

3

1) brings MR1 and MR, into equality with0u£ adjustipg total.sales. a
0o -~
That is, MR], = MR2 = MR. . v N

-
8

2) brings Mcl and MGZ into equality without adjusting total output’ )
¢ o

1

That .is, MCl = MGz = MC,

o b * s

3) equates MR and MC and in so doing may cause total output and
‘ .

sale; to rise, fall or ‘remain unchanged. The criterion for:

' this is: ‘
1) MR > MC. If MR exceeds MC bringing them into equality,

involves lowering MR and raisiné MC. That 18" total output

+ , and sales of the corporation expand. ’

2) MR < MC. If MC exceeds MR the corporation must lower’ MC

~ 7 Y
and raise MR. Therefore total output and sales confract

i
4 -

P under trade.

3) MR =MC. No further chan’g—e-a are necessary and therefore

' , ‘

total output and sales are unchanged.

In terms of the intercepts and slopes of the curves the%crite‘rion ‘;\

- for output changes may be derived as follows: / . '
Let MRl = MR2 = MR total sales then become: e ‘
\ | >
Y=7% +'Y2 =(MR~a)/b, +(MR-a)/b, = MR[1/b, * 1/by1 = a;/b; -a,/b,

Let MC; = MC, = MC total output then becomes: '
- ° / ¢ ‘ ) u
X = Xl + X2 -(MC-cl)/dl +(HG-c2)/dzr= MC[l/dl + 1/d2] -cl/d1 -‘-cz/dz

Reatranging in terms of MR and MC: N N @
o . i
. Lok e . ,
a;b, + aby + Y(b,b,) S . ‘

] MR = b + b A v

1 2 ) o e OT \

(7] i b
e .
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"+ \_3) Output and sales are unchanged if MR = MC or

ib‘/u‘

¥ 278.
v
e = clvzl2 + o::zcl1 + x(dldz) ' /‘} .
d, + d; . )
® » 1 2 g . ,,‘
. 'Sincg X; + X, must equal Y; + Y ,X = ¥ .

i ®

C Let X=Y =32

’

. 1) Then output and sales exp f MR > MG ‘o - -

albz + a2b1 + Z(blbz) . cld2 + °2‘11 + Z((di(ul

. " {;b + bz ‘r d + d

2)

o 1 2

2) Output and sales contract if MR < MC or
2

ab, + ab, + Z(blbz) < c,dy *+ cpd, + Z(dl“z&, .,
° ' ‘bl + b2 : dl + d2

w

i
1) c1d2 + c2d1 + Z(dldz)

-l-b2 d1+d2

.. 8by +a,by + 2(bsb
v . bl
é -

That .1s » unless we know the s’Iopeb and intercepts of all four

marginal revenue and marginal cost curves it is iwpossible to

determine how total output and.sales are affected by the introduc~

t

tion: of intrafirm trade.

Appendix IT.4 . °

4

Pure Profits of the Multinational Enterppise

k]

]

«

I. Assumptions
t £
¢TI R Ty ¢ Oy Py - Py ,
TTZ.' PZYZ - CZ + P“‘1}{1 - PEZMZ v

[

i~ s,

U oaet w2

FEpET—
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i

A

1I.

III,

w

»

{ vhere My =X - ¥

L TT

Pure Préf'lt When Firms do not Fngage in Trade

- %

Ty = P].Yl -G

TTi"PY - C

272 2

where xl - Y.'1 x2 -2{2.

- Yl(Pl - AG

1 PV

1T, 2)

IT = Yl(Pl - ACl) + Yz(‘t"2 - ACZ)

Pure Profit Where Firms FEngage in Trade

L

-
“

4 a

TT *PY-

2 =Rt O - P"‘z“z ,

1 ‘

.= %y 24,
,Ju +M~2-O

1) Af firm l is the e;_qgorter

" €

. ﬁl-rly ~ Gy + Pm My
Thy = By¥y = Gy ~ PupMy
Ty = RYy - Clayl + ) + )
“ Py¥y = Cy(¥)) - G O4) + Pm M,
TI, = Y, (2 - AC,) + M, (Pm, = AC))
T, = By(X, + M) - C, - PmyMy
L = ByX, + B My - C, - PmM,

T, = X, (P, - AC,) + M, (P, - Pm))

Pml-()

‘= P

PO N O—

BT e e nd

*
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TT = ’l"l‘l + TT2 - Yl(Pl - Acl) “!" Hz(sz - Acl) + XZ(P2 - ACZ) +
: M, (P, - Pm))

IT = Yl(Pl - ACl) + }(2(1’2 - ACZ‘) + MZ(PZ - ACl)

Ay e T ®
v
AN
?

o

\
T'l‘l - PlYl - Cl - PmlMlx,

TT2 - PZYZ - C2 + Pm1M1 ~

R T

. v Ty = Py(X) +24) - C; - PmM,
¢ TTll" xl(Pl - ACl) + Ml(Pl - Pml)
TT, = Y, - Gy(Y, + M) + BmM,

TTy = Yp(By = AGy) + 1M, (Bmy - AC))

gL
Q

o

. t

N IT = Xl(l’l - ACl) + YZ(PZ - ACZ) + HI(Pl - AC?)‘

- !
P

*

Appendix II.5

Profit Maximizs#tion When Price Discrimination 1s Impossible
" ~ | . -

I. Assumptions of Model .
T, = PyY; = C; + PmM, ~ PmM;
! 'I.‘T2 - P2Y2 - C2 - Pm2M2 + Pm1H1

The goal of the corporation is to maximize 'I‘TJ~ + 'r'rz gubject to

[PONOVIEPU NSS4
.

' the constraints that 1) xl + x2 - Yl + Yz ™

’ 2) P, =P, =P
/ 1= P

» ’ -
T =P Y, ~-C, +P

1¥p = Gy + Bp¥y - C

2

- - - ™,
} B TE = P(Y; +Yp) - € -

2) 1f firm 2 is the exporter Pm, =0

[



g

BL/3Y, = P+ (Y, +Y,) t{P/de -A=0

- the allocation of sales. Firm 1;&113 Y1 at PI" and firm 2 sells

v

+A(X.1+X2 ‘I-Y .

aL/aYl =P + (1{1 + Yz) dP/le -A=Q

L

TT-P(Yi*-FY)-C

3L/3X, = =dC,/dX, + A = 0 , o

+A=0

The condifion for profit maximizdtion is therefore: (

2

%

P+ gyl + Yz) dP/le - Mci =P + (Yl' + Y2) clP/d’I2 = MC v

Buﬁ P+ (Yl + Yz) dP/le = P + (Ylw-l- ‘{2) dP/de = MR. That is,

a

the corporation should equate the marginal production cost in each

plant to the marginal revenue of the combined sales. This is

illustrated’in Figure I. 4

» 0

. .
L Figure I the marginal cost curves of firms 1 and 2 are g

i,

summed horizontally and shown in the right diagram as the IMC curve.
This curve indicatl:es for each level of MC, = MC, the total volume
of output the two plants would be willing to supply.s The two
average revenue curves are summed horizontally and a marginal
revenue curve with respect to the total sales is ‘constructed )
from the gummed average revenue curve. Where the IMC and IMR
curves intersect fulfills the 'condition: MC, = Mcz - MR”(Y1 + Yz). " )
n@muumummmmMmm:%m%¢®x%. ,

« The consumer prices charged in each market must be equal
# .

if price discrimination is prohiyftive. Running vertically o
upward from the intersection of éhe IMR and IMC curves to the

LAR curve determines the equilibrimn price, P°, Tracking back

from P° €o the average revenue cufves in each marke; determines !

9
9 4 5 1
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‘¥

Y,° at P,° (vhere P,° = P,° = P%). Tracking back from ‘the inter-

section of IMC with IMR to the individual marginal cost curves

determihes the allocation of output bet:ween the two plants. Firm

1 produces x14 at a marginal-cost of HC1° and'firm 2 produces

ﬁi? at a marginal cost of MCZ°. X
If the corporation can discriminate between markets it will _

equate MRl = MR2 - ml - HCZ. This will not change the total

. volume of output and sales, nor the allocation of output between

LY

the two plantg. However, the allocation of gales will bF different.
The distribution of sales will be determined by t;'acking bacfk

from the intersection of IMR with IMC to the respective marginal
revenue curves. Fim 1 will sell ¥)' domestically and firm 2

willsell v,h :

. “Where consumer prices must be equal the volume of trade
equals Xl” - Y1° or Y2° - x2°, with trade flowing from firm 1
to firm 2, Trade flo;s from the low cost revenue firm to the
high cost-high revenue firm. Where price disgriminat:ion is pos~
1 1

sible the volume of trade is.smaller (X,° - Y,T= Y,

e 3 -
the direction of trade flow is unchanged. Price discrimination

- oy,
Xz)but

results in lowered consumer prices in firm 1 (to Pll) and higher

/
priceg in flrm 2 (to le). In either situation the transfer pgice
plays no role in the profit maximizing decision.

Note that in the pretrade situation firm 1 produced and sold

T

}(1e at Ple. Firm 2 produced and sold xze at Pze. The introduction

of trade with price discrimination causes prices 1{1 country 1 to

1

“ rise to Pl and country 2 to fall to le. The introduction of trade

without discrimination causes price shifts to P1° and P2°. The

changes in prices from the no trade situation are smaller if price

’

discrimination is possible.

- - e m o e
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7 Appendix III.1

0 ° \
I. Assumptions of Model

Ty = By¥y - € + PmM, - PmyM, ' \
. TT, = B, - C, + PaM - (1 + 0)Ba,M,

+

where r is tariff rate charged’on country 2's .imports '

: My=X =7 !

Mm=%-Y
| C M My =0 , ,

[
Y

%
II. First Order Conditions for Profit Maximization Under a Tariff

)

IT = P].Yl - Cl + P2Y2 - Cz - er2H2

LTT-PlYl-cl+PZY2«c}~rrm2}f2+x(x1+x2-¥1-¥2)

. v 3L/3Y1 = MRl + r?mz - M, dezlrnrl -A=0
(8 ’ ' b )
aL/axl - -ncl - r - ruz dezlXm +A=0
. 3L/3Y2-bm2—rM2P/dY2-3\-0

. ) ' -

aL/axg = -HCz - er d]?mzld.)(2 +A=0

Filrst Order Conéitions are:

MR, + rPm, - TM, dPm,/dY¥, = MC, + rPm, + ¥, dPm, /dX, = MR, -
™, dP“‘z’de = MC, + M, ?P“‘z"dxz'

which reduces to MRl + erz - ml + r,'Pm2 - MRZ - ncz when the

s

transfer price is fixed. ) y

Profit Maximization Under Tariff Barriers ‘

g
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- Appendix IIY.2 T

Factor Utilization Conditions Under-a Tariff Barrier

e T R Xt Tl ”m"""z“z

# -
T = PlYl - [PLlLl + PK1K1] *’PzYz - [PL2L2 + PK2K2] - er2M2

o

L,IT - P1Y1 - PLILl - lexl + PZYZ - m,z_,t:2 - szxz - "P“‘z“z + A(x1+x2~Y1-Y2)

&

I/, = MR, + rPn;z - ™™, dPm,/dY, - A = 0 ‘ .
AL/3Y, = MR, - M, dezlde ~-A=0

HL/aLi - -PLl - L1 dPLlldLl - er2 dHZ/dLl - er dezldLl + A XmldLl =0
BL/BKl = —PKl - Kl dPKlldKl - er2 dMZ/dK1 - er de%/dK1 + A dxlldKl =0

_Lz

aLlaL2 - --PL2 dPLzlsz - rné deZ/sz + A dle'dL2 = 0
3L13K2 - ~sz —Kz dPKzldKZ- - ’-'“2 dezldKZ + A dledl(z =0
. %
. Rearranging in terms pf firm 1 - '

MCL, + rPm, dxl/dLl + ™, dez/dLl

MR, + rPm, - 1 JdY, = =
y b orPmy = xM, dEm,/dYy ax, Taiy )
MCK, ;'rppz d.i/;Kl + 1M, dPm,/dL, .,
_— &, 14K
% % \

Rearranging for firm 2

‘ MCL, + 1M, dPm,/dL, MCK, + rM, dPu /K,

A "““z - M, dPm,/dY, = — &, /aL, - &, /K,

The corporationfip/‘;xiiiiing profits must now include the tariff on

¢
"imports in the factor ytilization conditions.

The factor utilization condition under a fixed transfer price
rgduce to:
}gml + rPm, = MCL,/MPL, + rPm, = MCK, /MPK, + rPm, = MR, = MCL, /MPL,, =

v . HCKZ IMPKZ ~
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Appendix I11.3

Pure Profits &der a Tariff Barrier

{

-
u

(9]

TT].-PY

TTy = Po¥,]

. -"pzx2 + PZQZ -

1("1) + Pty

¢

*

’

Cp(¥y) - G (M) + PmM,
TT, = irl(rl - AC)) + HZ(PmZ - AC,)

02( -1+ x:)PxnzM2
CZ(XZ) - (1 +'::)Pm2M2

T, --'x’z(r*2 - AC,) +‘M2(P2 = (1 + r)Pm,)

TT = PY, -

-

ZE'T =Y, (Pl

1

Cl + P2Y2 -

” 3

02 - er2M2
- ACl) -f' x2(P2 - Acz) + MZ(PZ - :::sz - ACl)

S

Pl

1]

]

-

- L
TT; = PyYy = Gy - PmyM,
TL, = B,Y, - C, + PuyM,
TT = PlYl Cl “+ PZYZ - Cz

oY

- \\)

TT; = Py (X; + Hl,,) -G (X;) - PmM,

Ty = X, (By

'I.‘T2 - PZYZ/

TT

{
Ty = Y, (P,

=X (7

- ACl) + M (P

-Pml)

C (Y +Hl) +Pnilu1
ACZ) +M1(Pm1 -AC)

- ACl) 4: Yz (P2

t

- ACZ) + Ml(Pl

N -

L

- AC

,"I. Conditions Lf Firm 1 is the Exporter i.e. Pm; =0

L3

Conditions if Firm 2 is the Exporter '(sz - (i

2)

286.
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.Appendi:‘: I11.4
\ " Proof That AAC = AAR Under Linear Assimptions
! ‘ ‘ -

- - ®

’ . y
) Hcl a :i- bxl . N e
1 " " ? ‘ 0 - .
) A01 = a + 1f2bx1 ) ‘
R = ¢ + d¥, - l - )
. s ml \ ‘ 1 . ‘ . 0 /‘
, AR, = g+ 1/2:1‘11 . .
’ . S 2(ac; - @), -
Solving for Acl in terms of MCI: xl = 5
® w '
(ml - 3) ‘
- ) ' e/
' 3N2AC; - a = MC, °
g . A
‘ : and 2AACl - Aucl
‘ . - 2(AR, - C)
. Solving for Alll in terms of MR1 Y1 R; X
' . " MR, - C .
e 1 & o
‘ Hhr"a ‘
[y A\ - - ’
‘leRI C HRl
B and ZAAR]_ - AHRl
If;AMRl = Aucl then ' . n

28AR; = ZBAC, \
and AAR)= MAC, -
Q.E.D. "

L] ) v
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Appendix IV.1 ~ L

_ Profit-Maximization Conditions Under a Pure Profits Tax"

. I. Assumptions .

TTl = (1 ~-t) (PI.Y]. - Cl + sznz - mlnl) )
TT, = (1 - {:t)(PZY2 - Cy = PmM, - PmM) . '
”here t is tax rate on pure profits levied by country 1 on
1 regident profits (érofits at home + repatriated profits)
| *is rate of repatriation t‘;f firm 2's profits 0 s b <1
where b = 0 equivalent to source rule, no taxation of '1“1‘2
) b = 1 equivalent to resident rule where firm 2 is a qér
~ branch and all profits are taxed as earned ¢

0 < b < 1 equivalent to residénce rule where Firm 2 is

. a subsidiary incorporated in country 2 and b'l"l.‘2
) / is taxed.

Mrhoh -
= -Y

o e T .

»

‘II. First Order Conditions for Profit Maximikation Uler a Tax

PayM, - PmyM,]

= (1 - ) [Y, - C 1+ (1--1n:‘)[1’21r’2 -

(t - bt)Pm.ZHz

o Lpp

*

e co o= -

et

-
e

Ve e e ity e W b TR ¥ SO AY e e
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a )
If firm 2 is the exporter thi{l;educes to: (sz = () bt

!

a:c./aw;l - (L= MR+ ( - vomy dem, /aY, + (& - bE)Pm, <

. (£ - bt)n’z dPm,/dY, - A=0
ALIFX = (L - r.)ml‘+ (t - be)l, dPm /X, - (t
. ' (1:—1111:)142 dezldx1+A-0
3L/8Y2 = (1 - bt)MR2 - (t—bt)Pml + (t—b-t)Hl delldY2 - (c-ibt)nzb
' dPmy/dY, - X = 0 : ]
3L/3%, = ~(1-bEIKC, + (t-bt)Pmy + (t-bE)M, Pm,/dX, ~ (t-bE)M,
., dPm,/dX, + 1 = 0 .

-
Equilibrium General Condition is: A =

“(L-tMRy + (-, dPm /aY, + (c-bt)Pm, - Zt:-bt)uz' dPmyav, =

(1-t)MC; - (t-bt)M, dPm,/dX; + (t-bt)Pm, + (t-bt)M, dPm,/dX, -
(1-bt)MR, - (t—bt).Pml + (t-bt)M; dPm, /dY, - (t-bt)M, dPm, /dY, =
(1-bt)ucz‘ - (t-bt)Pm, -;(t-bt)Hl dei/dxz + (t-bt)H, dPm, /dX,,

1f firm 1 is the exporter this 1:educea to: (Pm) = Q)

(;.-t) + (t-bt)Pm, - (PLIM, dPm, /dY; = (1-t)MCy + (t-bt)Pm, +

(t-bt)M, dPmi,/dX, = (1-bt)MR, - (t-bE)M, dPm,/dY, = (L-bt)MC, +
(t-—bt)M2 dezld)_lz

(1-t)MR1 ‘i‘(t-bt)lll dellle = (1-t)Mc, + (t"btmlripml/dxl -
(1-bt)MR, - (t-bt)Pm; + (t-bt)M, di’mllde = (1-bt)MC, - (t-bt)Pm;

- (t-bt)M; d!E'm._‘_/dl.l\t2

U

[
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Where Pml P-2 these two conditions are identic;l Therefore
we can codcentrate on the fim 1. ag exporter case, knowing the
profit maximizing condition does not change xghere f;lm'z is the .
exports. The tax effects are different but the equilibrium

condition is unchanged.

™

L4
7’ ”

Rearr‘anging the equilibrim condition where firm 1 is the expoxter:
d

1-t t—b t-bt, Iy

be tIne™ -bt &, e 3 1The2 Y, e e

1t . t:--b«:,\D2 t—bg:_“ _t-b dPm,

1—-bt 1 1-bt 1-bt T 1-bt cl][2

The first order condition uixder a fixed transfer price is thus:

t=h t'-b
-btmll fise bt Cy + Topeimy = MR, = MCy

1

of

{

. Appendix IV.2

Factor Utilization Conditions Undér a Pure Prof:'l s Tax ‘
g

[y

: i

Assumptions . .

- (l-t)[P ¥, c + Pn2M2 P“l“ﬂ '

- (1-b;)re c, - p_2u2 +PM ] ) L
where Cl - PLlLl + PK!.KI .

/ ) , .
» €y = PLL, + wn(zlc/2 i .
1 / v ' -
o

~

’ »

Lpg = = (1-t)P.Y

1 1] - {1-t) [PL + PK K 1+ (1 bt)P - (1-bt)[PL,L

.;szle - (n-»bt)?azu? + (:S-bt)Pmlnl + J\(x1 +X, - - ‘5*2)

s - bl

:Qt

E

oy *
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QBL‘/aYl = (al--t)m?.l + (t—bt;)Pm2 - (t—bt)uz‘dpmzile + (t—-bt)Hl'

Co dPm, /a¥, - A = 0

b 13 s P

. ‘aL/mt2 = (l-bt:)MR2 - (t-bt)Pm1 + (t-—bt)Hl di:mlld:zz - (t—bt)nz-

1 . dPm,/d¥, - A =0

* =

9L/3L1 = -(l-—t)PLI - (l—-t)Ll dPLllﬂLl - (t—-bt)sz dxlldLl - '(t—bt)Hz'

P érmzldLl + (t-—bt)Ml delldLl + A dxlldLl =0 *Y

\
4

¢ » -
OL/3K = —(1{-t'}}*1<1 - (1-t)R, dPK,/dK; - (t-bt)Pm, dX,/dK, -
.'5t‘—bt)M2 dPm, /dK, + (t-bt)M; dPm, /dK, + X deidLl =0
‘BL/-Bsz —(l-bt?PLz = (1~bt)L, 4PL,/dL, - (t-bt)M, dPm,/dL, +

.
v

(t-—bt)Pml dxzkldr.2 + (t—bt)Ml del/dLZ + 1 dx?_/sz = Q ©
‘aL/aK2 = —Sl—bt)PKZ - (1-bt)l('é dPKzldxz - (t—bt)M2 dez/dKz +
[.]
(t:--bt)Pm1 dledxz + (t-bt)Ml delldKZ + A dledKz =0 -

s where ﬁirm 1 is the export m1'= 0) these conditions reduce to:

= (1-bENMR, - (rfbp)uze

a

(1~)MR, + (t—-lbt)sz - (t

dPm, /Y, = (L-t)MCL, /MPL, + (t-bt)Pm, + (t-bt)M, dPm,/dX; =

w

1

[

i Q« (1-t)MCK1/rm1gl + (t-—bt)l’mz + (t—bt)Mz deZ,/dxl = -
(1-bt) GLZ/MPLZ + (t—-‘l‘:t)MZ'dezidXZ =

1

L v&;(l'btmmfz"mez + (t:—bt:)M2 dP_;uz/dx2

- where :firmg is tixe*eprrter (sz = 0) the conditions reduce to:

S h(l't)MRl + (t-—bt)Mi dellle = (1-bt)1~m2 - (t-bt)Pml + (t-—'bt)Ml-

de17dY2 = (1—t)MCLlfMPL1 - (t--bt)M1 §Pm1{dxl = (l—t)MCKllb{PKl +

v

(tu@t)ﬁl de]_/Xm = (1-bt)MCL2/MI’L2 - {t'-bt)Pml - ‘(t-‘bt)Ml"
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@Pn, /dX, = (L-DEYMCL,/MPL, - (t-bt)Pmy ~ (EZbEIN, arml}éx; :

’

« Since, Ml - -H2 if we assume Pml = sz these conditions are identical.

The ddentity of the exporter does not affect the analysis. Since

the factor utilization condifions do not depen& on which firm 1s

the exporter,-.only one set of conditions needs to be examined.

LA -
w - -
[
o

Assuming a\ixed transfer price, sz » the Zztor utilization condi~

tions reduce to: g

-t t-bt MCL

MCK

v

1t M ebe, 1 MK e
1Ther i < It WL, *iBE™ = Tt W, tipe D ™
- ML, MO,
2™ WL, WK, .

. Appendix IV.3

The Division of After Tax Profits

r

F Y

Where Firm 1 is the Exporter (\ .

TTl = (1-t) {PlYl - Cl + szﬁzj where X, =Y, + M

1 1
N v
TTl = (1~t) [I"ltl?1 - Cl(x1 + MZ) + szle

i
T‘I‘l "’(1-1:) [Yl(Pl - ACI) + MZ(PmZ - ACl)]
TT2 = (1-ht) {PZY‘Z - G2 —;mguz] where Y2 = 1(.2 +
',l."l.’2 = (1-bt) [PZ(XZ + Mz) - cz(xz) - PmZMZ]

T, = (1-bt) [Xﬁ(l’2 = AC,) + M, (P, -Pm,)]

.
IT = ‘I‘Tl + TT2 + (1-t) [‘I._'_(P1 - ACl)] + {1-bt) {XZ(PZ - ACZ)] +

- - ‘ %
~u2[(1-—bt)p2 - (1-t)A¢; - (t-bt)Pm,]

3

2

¥,

1

-

2]
’
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. , 11. where Fi.rn 2 is the Exporter ‘} “
A o
) ) e pagty ) viere 7, e X Y

11y = (-8 “’1“1 + “1) - o (%) - Py , .
' ' Ty = (1-t) {xl(r’ - Acl) + nl(? - Pml)}

4 | ' T, * (1-bt) [Bo¥y = c, * Pmlul} where X * 1, * M B {
{ ' ™, * ebe) (2%, - O3 (r, + ¥ ¥ Pm My '
i ‘
% . P TTz = (1‘!bt) [YZ(PZ - ACz) + nl(Pﬁl Acz)l
% T = 1T, * I, = (1-t) (%, By ~ AC )3 + (1—1::;) [YZ(P Acz)l =
3 . wraenr - GO (t-bt)Pmy)
w . i) Pl
& 5
‘» Appendix V.l . ‘

Profit Maximization Pnder Doubhle raxation

|4 ¢ * - 3
}
\§ 'IT - (1—?::2{1’ - Pmlﬂl + sz}lz] \
T, * 1-t, -bt ) 1P Yz - c2 + Pmlul szle
where tq is the tax rate 1evied on firm 1'3 pure profits

. t, + btll - ¢ is the total tax rate 1levied on fixm 2's puré profite

p is the fraction of fiym 2's profits gaxable in country 130 3 b1l

Py

¢ is the form of tax relief pro ded by country l in determining
fiym 2's tax bill

where c = 0 10 rax relief is given

c = bty foreign taxes ave deductible in determining firm 2's

cax payment to comtry 1
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~ ¢ = bt

2 foreign taxes are creditable against the taxes owed to

country 1 by firm 2.

c = bt1t2 + btiil“tz) LIC credit rules apply.

t

The, corporation's goal is to maximize T, + TTi subject to the constraint
i
LeX=h vy
'l
LTT - (l—tl)[PlYl - Cll + (l—tz*bt1+c)[P2Y2 - CZ] - (tl—tzrbti+c)Pm2M§
+ (tl"tz"bt1+°)Pmiu1 + A(x1 + x2 - Yl - Yﬁ) ‘
gx .aL/aYl - (l-tl)mfl + (tl-tz—bti+c)fm2 - (tl-tz—btl+c)ﬁi dezldx1
j'(t1~?2~bt1+c)Mi dellle - fﬂ’ 0

aL/axl - w(l—tl)ncl - (tl-t2~bt1+c)2m2 - (t1~t2-btl+c)M§ dezldx1

.

L]

13

+‘(t1~t2-bt1;;)ﬂl dPm, /dX, + A = 0

. /Y, = (L-t,~bt,+c)MR, = (t;-t,-bt +c)M, dPm,/dY, ~ (tl-tz-:btl‘i-c)Pml ¥ ?
(t-t,~bt,+e)M; dPm /d¥, - A =0 - '

BL/3X, = ~(1-t,-bE +eIMC) = (t)-t)-bty+e)M, dPm, /dX, + (tl?-fzz-bt1+c)Pm1 +

(tl~t2-bt£+c)M1 delldx2 + A =0

Where firm 1 is initially the exporter (Pm1 = () the equilibrium condition '

becomes:? 0
(l-tl)M:R1 + (tl-tz-bt1+c)Pm2 - (t1~t2-bt1+c)ﬂi dezldY1 = (1—1:1)MCl +'

« (t,=t;-bt;+e)Pm, + (t~ty-bt,+c)M, dPm, /dX, = fl—tz-bt1+c)MR2 -

(tl—tz-bt1+c)M2 drmzlde - (1—t2—btl+c)m2 + (tl-t2~bt1+c)né quz{dxz

.Where firm 2 is initially the exporter (l’m2 = 0) the equilibrium condition

reduces to:
I

PR N

o BT e AR

(-t MR, + (t)-t,-bty+o)l) dPm,/d¥) = (1-t))MC; - (t=t,-bt,+c)M, dPm,/dX)

}
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(1-£,-bt,+e)MR, - ;(tl-tz-bt:l-l-?)l’ml + (tl—t?;-btlﬂ)nl qullde
(1-t2-bt1+c)ncg - (tl-tz-ytlw)aml - ftl-t2~bt1+c)ul dPm, /dX;

Where Pml - sz (aince Ml L «Mz) these two exptessiaons are’identical.

: We therefore can concenfrate on one case--firm 1 as the exporter--knowing

o
<

’ the equilibriym copcution :;:emailns mchangeh if firm 2 becomes the exporter.,
' . rb-«" v =0 - N o ’ N -
o “a - \ . - e
The equilibrium cohdition can be rewritten as: ~— .

( &u . (l-tz—bt1+c) (1—t2—bt1+c) e T e “
1-:;%-“ R e P'"z FERETRE M LIRSS TR )

Pm§ " 1ty . t;~t,~bt,-c t -t -bt,te

' %, l-tz-bt NG, + (l—tz BE te m‘z + G TR MMy
43 o » " v K .
) dez -Bt +c d ", ‘
, . 2 &7 £, . :
Fraals ey ‘-Té Mo dx2 = MR, = MCy o, ) =
© ‘ - " l) N
\ ' Appendix V.2 - ’ ”

e

Profit Maximization Under Specific Transfer Prices

-
. I3

LY

I. A Fixed Transfer Price

’ 1- ~t,-bt. +e 1- bt e
1-1:2-42 oy * l-]:t:?-bttic m"‘2 -t -:Jéla»c“cl + litz-;z-bttic Pmy =
MRy - Me, R |
II. sz - ARl ' : | ,
1-t, N tl--t:z-ln;f&cillnl £,-bt, +c‘ dARl 1Tt1 e
1-t,-bt,+e 1 © 1-t,-bt +e 1 l—tz-bt1+c 2 le 1—t2—bt1+c 1
-t ~bt.+c ! ’

A e

Tt

e e

wde
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u

. 1-t t,~t,-bt e » :
Since W ] - W this condition can be rewritten as:
t,~t,=bt,+c t,~t,=bt.+c
1 527h Bty byt AR e o
MR, + TS AR - MR 1 - A, T MRy < G,
: 271 » L2771 1
t =t -bt,+c ’
127" /
| Moy * Ty e AR “\.@‘ ,
‘\
III. -Pm, = AC,
| 1-t,  + tl-tz-btl*l-c;‘c; ) 1-t, v 4 ty-t,-bt,+e .+
| ) l—tz—btl-*-c l-tz—bt1+f: 1 1~t2—bt1+c 1l 1—-t2—btl+c 1
t,~t,~bt.+c dAC .
1l 72 1 1 y
= MR, = MC
I-t,-bt +c ) ax, " M " Mo
which can be rewritten as: { 1
t,-t,-bt,+c ’ - t,~t.-bt.+c
1 "2 1 1 "2 1 )
e Bl O [MR, - AC,] = MC, - I-t,-bE +e [MC, - AC,] +
et = 12, = g,
bty 1 ,
Iv. sz - Hcl
1--1:l tl-tz-btl-i-c 1—t1 tl—tz—btlﬂz

g MR, Tt MO, MO, o M,
1~t2-bt1+c 1 '1 tz btl-H: 1 11:2 bt1+c 1 11:2 bt1+c 1

i

t1~t2-bt1+<: ducl ]

M - = MC
I-t,-bt vc 2 &%, 2 " %2

which can be rewritten as:

»
1757

tl‘tz—bt1+ﬂ t,~t.~bt +c
MR, - I-t,-be +e [MR, - MC,] = MC)- T-t,-bt +e (MC, - MC,] +
t.-t. bt +c Y dMC
151:31»:3;:’}2 1'““2"“02
2Pty dx,

ri

o

i et Sk

i A — 7, e




e

]

. . /
Pm, = AR,
( 1-t, £,-t,~bt e 1—t2—bt - aw,

1-t —bt1+c(m1) + 1-t —bt (ARZ) + 1-t —btl “2 dY

2

1-t, | ty-ty-btyte

1-t, bt +c“°1 1-t,-bt +e Tot bt do (ARy) = MR, = MC,

which can be rewritten as:
1-ty-bt +e £ty bt e

1-t2-b: +c dAR2
1-t ’]EZ 1-t t, w2 T 1-t, ) dy,

t -t,-bt +e .

+c
- 1t MC, = i-t; AR, = MR, = MC,
( 1-t -bt,+c L ty=t,-bt e
and sinie i_ =1 + 1 2 1

1-t1

as:

\ . -t,~bt,te , ty=t,-bt.+c dAR

l 2 1 2 1 2
MR, - 1-t, i AR, - MRZ] - 1-t; H, a¥, MC, -
-t =bt,tc )
l 2 1
it [AR, - ¥G,] = MR, = MC,
Vi. Pm, = AC, -
1-t, £ -t,-btyte 1-t, £ty bt b

MR, +

MC, + ————=AC

1-t.~bt,+c 1 1l-t,-bt.+c Wy ot -bt,+c "L | 1-t, -bt +c

271 21 21 2 1
1—t2-bt1-hc ‘.dAc2 ] Mc
l~t2—bt +c 2 dx MRZ
which can be rewritten as:
ty-t,~bt +c -bt,te
) £ tybEy _
HRz + 1-t1 [MR2 AC ] = -—-*'-—-'-"'*‘1 tl [M(32 ACZ] +
: tl-—tz—btl-i-c dA(:2 C MR =G
1-t 2 dx 1 71

t

we can rewrite the condition

2~

e S0

s e o e Bt S A v g A
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Appendix VI.1 ¢
» ' . v
, Profit Maximization Under Taxes and a Tariff

4

; ™ = (-t [RY) - G + PugM, ~ Puyhy]

TT2 - (l"tz-bt1+c) [P2Y2 - 02 + Pmlnl - (1’*‘!?)?1!121{2]
where t, is the tax rate on firm 1's pure profits
t, + bty - ¢ is the tax rate on firm 2's pure profits *

r is tariff rate on firm 2's imports

L‘r:r - -t [pY, - G 1 + 51—::2-bt1+c) [P,Y, = C,1 + (t,~t,-bt,+c)Pm,M, -

\

[(t —bt: +c) + r(l—t -bf: )]P;:zuz

a2

Let o equal 1—-t2—bt1+c‘

Let B equal t.-t,-bt,+c.,

17270
Lpp = (-t))[P,Y, = € ] + a[P,Y, - C,]1 + 8Pm M, - (8 + ra)PmM, +
. ME AR =Y - Y)

9L/aYy = (1-t MR, + M, dPm, /dY, + (g + ra)Pm, - (8 + ra)¥, dPm,/dY, - A = 0
B/AX, = ~(1-£ IMC, + BM, dPm /dK, - (B+ro)Pm, - (B+ra)M, dPm,/dX, + A = 0
9L/3Y, = oMR, - fPm + 31{ dPm, /dY, - (B+ra)¥, dPm,/dY, - X =0 ”
OL/3X, = -uMC, + BPm; + BM, dPm, /dX, - (B+ro)M, dPm,/dX, + A =0
Where firm 1 is, theﬁ initial exporter the profit maximizing condition is:
(-t MR, + (B-i-ro;)Pm2 - (B+xa)M, dPm,/d¥Y, = (1-t,)MC, + (B+ra)Pm, +

(B+ra)M, dez/dx1 = agkz = (B+ra)M, dPm, /dY, = aMC, + (B+ra)M, dPm, /dX,
Thig can be r7vritten as?

1-t 1~-t
—hm, + Grorm - Gromy amyfar 4 Qo ou amfavy = o +

I e e R

& b R 2 bt

o

P
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N ) G+ OPmy + (S M, dPm/dR, - (5 + )M, dPm,/dX, = MR, = MC,
“ 1 placing a with l-tz—-btl-i—c and B with 1:1 2-bt1+c.
~a Es uaz .
e - 2“’“1 ty=Ey~bt,te o
Yo El—tz-btl-l-c Rl BTl L T
?
‘ . t.=t.~bt,+c "dP 1-t -t -ht, +c
. ty-ty~btyte ) By ty-tyhty
[—-_—_---_-_—---——--—+r] R e e S e + r]Pm, +
1-t,-bt,+c 2 dY,  I-t, btl 1 ‘ 1-t,-bt +e y
i e . [y o .
H -t -bt -t -bt 4
' ty-ty P"‘z 1 2
i ) [1—t2-bt1+c . rll“2 1—t2~bt1+c + rlM,—x= = MR, = MC,

!

Where firm 2 f: Fhe expoi'ter no tariff barrier exists. Assuming I’u:1 - sz
and letting r = 0 the profit maximizing .condition equally applies to
! " .the case where f:lrm 2 “ia the exporter. Since we are interested in the
effects of conbinfd taxes and tariffs only the case where firm 1 is the
.4' L ) exportér is examined. . ‘
o \ 5 - - ‘ )
! ‘

. Appendix VII.1 '

< o hand ’
A

Profit Maximization Under No Trade Barriers ¢

TI; = %1 =Gy - Pmy,Mp, + Pmy My, - Py Mg
~ TI, = Py¥y = Gy + Pmy My — Poy M,y = Py Moy
TI, = Pmy M, 5 + Pm 3“23

where Pm is the value of i's imporql:s fromJj 1,§= 1, 2,"3 1 # 4§

H, i) ij

Ci is the cost of f:roducing xi i=1,2,3

s

e

] Censtraints: (1) le + Xz - Yl + Y2 = X3 = YB




TIOATINLE e, W e

*
AR e

(2) M,

Ma=% - Y ‘ S
*
Ms=% |- : :
One unit of input is required to

- produce one mit of output. o
My3 = %,

’ t

"4t

4
1}

The goal of the corporation is to maximize total profits.

> *

N7 O FR¥y — Gy -Gy A X -y - Y
w ) L
9L/3Y; = MR, - A =0
aLlexl = -MC, - MC;, + 1 =0
b A= MR, = MC, + MC,, = MR, = MC. + MC
aL/BYz-}m2~1-Q 1 1 13 2 2 23
‘ & ? »
- MO =\ -
8L/3Xé MC, Q§353:+ A=0 ﬂ

Note that the marginal cost of producing raw materials for firm 1 equals
the marginal cost of,\pm_(i g raw materials for firm 2 equals the _ ]
\

marginal cost of producing X, + X, = X.. So that Hc13 E chs =\MC,.

1 2 3 3
The condition can therefore be rewritten as:
MRl-Mcl-PHC?’-HRz =MC2+MC3
This condition implies three substatements each of which must be satisfied

in order to maximize total profits:

(1) mfm%-Mym%—mﬂgmHsm%-m3

(2) }{Rl'sz .

3) KCl = MC,

—t oy e
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Appendix VII.2
Profit Maximization Where Country 2 Levies a Tariff ‘on ,
" Import‘s of Finished: Goods .
i r.&‘xh{\\ \ '
T =% - P"‘12H12 *PmygMyg - Piyagthy % 5

TT

2~ Pp¥p Gy * P“lz“n - (4E)Pmy My - Bmy g

»
TIy = PmygMyy + Pmygiyq = Gy : :
where r is the rate of import duty levied on firm 2's imports from firm 1.

- PY. - C, - C, - v, -
Lpp = ByYy = € +B)Y, = C, = Cy = rPmy M) + A(X + X, - ¥y - ¥,)

BL/BY - HRl + er21 - rH‘21 deledY - A= O

OL/8X, = -MC, - MC, - rPm), - ¥, apmz‘wldxl :.y AN

3L/aY - HR - erl de21/dY -A=0 s

3L/ax2 = -Mcz - MCB - rM21 de21/dX2 + A =0

The general profit maximization condition is therefore:

MR, + rPm,, - 1M, dPm, 1/{ = MC, +MC, + rPm,, + 1M, dezlldxl -
MR, - M, dezlldY = MC, + MC, + r“21dP“‘ /dxg

With & fixed transfe&price (Pmy,) the {:ondition reduces to:

MR, + rPm), = MC, + MC, + rPm,, = MR, = MC, + MC, o ‘
This contains three separate subconditions necessary for profit maximization:

1) MRl-HC *MC HRZ MC orNHng-MC = NMR

2 -
) HRl+er21 MR,

) ucl + r:Pm21 = MC

-

2
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. A’variable transfer price such as A%, Acl or ncl, with a

(¥

positive szl - MZI relationsilip would raise the net margipal revenue '
;f firm 1. The INMR curve would therefore shift<to the right causing
an expansion in total output and sales. Thig is because as firm 1's
exports to firm 2 decline as :}result of the tapiff thes transfar price

also declines further reducing/the tariff bill. As a result the net

decline in exports is somewhat less and the demand for the primary
v “@

" product somewhat larger. A negative Pm21 - H21 relatio;xship (ARZ,

A(}2 or MCZ) would cause a decline in total output and sales for the

opposite reason.
w

N

Appendix VII.3 | .
Profit Maximization Where Country 2 Levies a Tariff on

Imports of Raw Materials and Intermediate Goods

. ¥ o
TC, = ByY) - Cp - Pup M, 4 Pm o, - Pmp
TTy = Pp¥y = Gy + Payyiy = PuyMy) = (L4r)Pm, M, .
TTy = Pmy My 3 + PmyMyq = Gy
where r is t\he tariff rate charged on firm 2's imports from firm 3
Lpp = Py¥y = Gy + P)¥, = G = Gy = 2Pmy Mg + A(X; + X, - ¥, - Y))
A/3Y; = MR - A =0

l-MC3+l=O

3L/3Y2 = MRZ - rM23 deZBIde - 7: =

aL/ax2 - -'HCZ - MCB - rP'm23 - rM23 deZ3/dx2 +A=0 1

-

aLlagl = -MC

/
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The profit maximizing @ondition is: .

hJ

MR
Under a fixed transfer price this reduces to:
HRl*}(Cl-};MCa-HRzﬂMCz+MCB+er23 ) X X
which can be broken into three subconditions:

(1) MR, - MG, = NC, = MR, ~ MC, - rPm,, or NMR

1 3 2.y
. 8 "ev‘ "
(2) HRl - MRZ ‘ '
(3 ncl - I'IC2 + ';:Pm23 =y,
Appendix VIIL.4
*  Profit Maximization Where Country 1 Taxes Pure Profits r

Il
- -

Ty = Q-t)[PyY, - C; - Pm) M), + Pmy My, = Pmy M) ,] ,
Ty = (Aebt) [PyY, - C, + Pm M), - Pm) M) ~ Pmy M) ,]

Tly = (1-b't) [Pmy My 5 + Pmy My, ~ Gyl '

vhere t is the tax rate levied on pure profits;0 < t £ 1

b is the fraction of firm 2's profits taxable by country 130 <b < 1

b' is the fraction of firm 3's profits-taxable by country 1;0 s b' <

The goal of the corporation is to maximize TT

14

LTT = (1-t) [PlY1 - cll+ (1-bt) [PZY?. - CZ] - (l*b't)kCB + (t-b't)Pm

1+TT2+'1‘T3.

13413

+ (e-bt)Pm M, - (t-bt)Pm, M, + t(l::-b')Pm23M23 + A% + X, - irl -Y

- -~ -h ! - ~ht.
aLlaYl (1 t)HRl + (t-b t)ﬂ13 de13/dY1 + (t bt:)M12 delZ/le + (t~bt)

>

Pm21 - (t—bt)M21 delele -A=0

-

= Mcl + MC3 = MR, + rH23 dP1:23/d!% - Mcz + MCB + er23 + "Mza d!'mz"g,'/«lx2

2)



F
i
R ) . 4
! . , -

JF . ) - 304.

-

3L/3X) = ~(1-ME, - (1-b't)HC, + (t-b't)Pm , + (:f-b't)um am, ,/dx,

. AL/BY, = (L-BOIMR, - (£-bt)Pmy, + (t-DE)M,, dPm,/d¥, - (t-bt)M,; dPm, /dY,
+ (b=b")tM, " dPm, . /dY, = A = 0 ‘

‘ SL/0X, = -(1-bt)MC, - (1-b't)MCy + (t-bt)Pmy, + (t-bE)My, dPm,/dX, °

= (e=bt)M,, dP::nz]_/dx2 + t(b-b")Pm, . + t(b-b")NM,, deZB[dxz +A=0

‘ The profit maximizing condition is:

- Y ¢ -~ . - .
(1 t)MRl + (t-b t)MlS dp13ldY1 + (t bt)le dPDmlzlle + (t bt)Pm21

w (e-bt)M,, dPm, /d¥, = (1-t)MC, + (1-b't5uc3 - (t-b'e)Pmy, -
~ k- -
+ (t-b'E)N, , dPmy ,/dX, -’(t—ht)ulz dPmy, /dX, + (t-bt)Pm,, +

(t-—bt;)M21 de21/'dxl = (1-bt:)MR2 - (t-—bt)?mlz + (1:-»bt)1»112 deu/de
. - (t=b)M,, dPm, /dY, - t(b=b')M,, dPm)%/dY, = (1-bE)MC, + .
(1-b't)nc:'3 - (t—bt)Pm12 - (t-bt)Mlz deu/dxé + (t-bt)M21 deZI/de

- t(bl-b')‘?mzs - t(b-b")M,, dPm, ,/dX,

*
Where® (1) all transfer prices are fixed an’l (2) firm 1 exports to firm 2,

~ s
¢

the condition reduces to: ) - * o

v

4 (1--t)MR1 &+ (t—bt)Pm21 = (‘J.--t)Mc:1 + (1--13’1:)151(:3 - (t:-—b't:)Pm13 + (t—bt)l-':mu =

$

. (1-bt)MR2 = (10bt)MC2 + (1—b't)uc3 - t(b-—b')sza ’
- . . ./

* which can be brok"eg into three 'subconditions: , - *

M QoM - Q-0 + (t-}ﬁt)?mm = (1-b!E)MC, = (1-DOIMR, - .
(1—bt)Mczﬁ’ t(b-b')Pm,, or (1-t) [mll + (t:—b't:)Pm13 =

(Ll‘---‘lzt't:)MC3 = (1-bt) [NHRZ] + (tbrtb')Pm;3

3 * (t-bt)M12 delzldxl - (t—bt)Pm21 - (t:--btm21 dP"/'zlldxl +£ = 0

L]
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