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Abstract

This paper investigates how rules of origin imposed on a vertically integrated multinational
firm’ s subsidiary affect output and welfare under a Cournot competition. Two types of rules
are investigated: one requiring the multinational firm’'s subsidiary a minimum ratio of
expenditures on its domestic intermediate inputs to those on its total intermediate inputs, and
the other requiring aminimum ratio of the subsidiary’ s expenditures on domestic components
toitstota revenue. It isshown that both types of rules|ead the multinational firm to shift their
component factories from the source country to the host country. However, they may havethe
opposite effects on output of the final good. Furthermore, when the domestic firm has higher
marginal cost than the multinational firm’s subsidiary, the second type of rule of origin can
increase both domestic and foreign welfare.

|. Introduction

In addition to determining the nationality of products traded in international
commerce, rules of origin are frequently used to achieve trade policy objectives. When
foreign producers increase the market share of domestic producers, the domestic
government may impose arule of origin to give advantage to the domestic indigenous firms
and protect domestic producers.

To illustrate the point, in 1988 the French government suddenly announced arule of
origin such that at least 80 percent of the total cost of Japanese automobiles built in the
United Kingdom must be of locally originated components to qualify as “European” cars.
Thus, France counted the Japanese automobiles imported from the UK toward the three

percent quota on Japanese cars. Consequently, this regulation protected French automobile



producers from the expansion of market share by the Japanese automobile makers'. Thisis
an example of a strategic industrial policy directed towards multinational enterprises. We
investigate how arule of origin affects strategic conditions for the host and source country’s

producers.

Davidson et a. (1987) studied a duopoly situation between a domestic firm and a
foreign firm in the final goods market. They show that a preferential rule of origin such asa
local content requirement with the penalty tariff reduces output of the foreign firm and
increases output of the domestic firm, thereby making the domestic firm better off. However,
they assumethat marginal cost isfixed for both producers and they do not consider any effects

of preferential rules of origin on the demand for the intermediate goods.

In order to consider the effects of the preferential rules of origin asastrategic policy on
the demand for intermediate goods, we employ a “multistage production model” in which
production isthought of as asuccessive processing sequence where components are combined
until a final good is produced. Dixit and Grossman (1982) introduced this model in a
competitive environment. They showed that a content requirement asarule of origin expands
the number of stages per unit of final output in the home country but at the same time leads to
a decline in the number of units produced. Hollander (1987) investigated the case where a
final good supplier isaforeign monopolist. He showsthat it ispossible for apreferential rules
of origin to increase the range of intermediate goods as well as the quantity of the final good
produced in a monopoly setting. James and Umemoto (2000) also employed an extended
version of this model to assess trade diversion effects of the North American Free Trade
Agreement (NAFTA) under athree-country setting. It explains how rules of origin on textile
and apparel industries lead welfare to worsen and supports the results by some of the earlier
theoretical literatures such as Krishnaand Kruger (1995) and Kruger (1995, 1996).

We consider the multistage production model in a Cournot competition environment
between adomestic indigenous firm and amultinational firm’ssubsidiary. We investigate the
effects of two types of rules of origin. The content requirement as rules of origin is usually
specified in value-added terms and their requirement can take two forms. The first requires
that a certain minimum spending on domestic components must be embodied in the total cost

of production to confer domestic origin. For example, the NAFTA for automobiles used to

! Mason and Turay (1994) provide the detail story.



require that 62.5 percent of the total cost of locally manufactured cars in the North American
countries (Canada, the United States, and Mexico) must consist of local intermediate parts.
The second requires that a certain minimum expenditure on domestic components must be
embodied in the total revenue of the products in order to be recognized as domestic products.
For example, a minimum of 85 percent of the wholesale value of domestically manufactured
carsin Australiamust be of domestic materialsand labors”. Weinvestigate the effects of these

two forms of rules of origin.

The remainder of this paper is organized asfollows. In the next section, we develop a
multistage production model for a duopoly environment and derive the Cournot-Nash
equilibrium. In the third section, we evaluate the effects of the cost-based rule of origin on the
range of production processes and output of the multinational firm in the host country. In the
fourth section, we assess the effects of an aternative revenue-based rule of origin. Welfare

issues are addressed in the fifth section, and conclusions are presented in the final section..

II. TheModel

We consider atwo-country world: the source country, where foreign direct investment
(FDI) originates, and the host country, where FDI occurs. Each country has one domestic firm
producing a commodity X using constant returns to scale technology. The source country’s
firm, that is, multinational firm is a monopolist in its own country but also sells goods in the

host country, where it competes with the host country’ s firm.

We assume that each firm is vertically integrated and operates a sequence of
production stages where components are produced and combined until a final commodity is
produced. Each stage or component is available in both countries. In reality, domestic firms
like the U.S. automotive industry typically use a much higher ratio of domestic to imported
components than foreign assemblersin the domestic country. Therefore, we assume that each
firm produces the commaodity for consumers in its own country by producing componentsin

its own country. However, the source country’s firm can shift production processes across

2Vermulst et al. (1994) provides information of how the value of labor and materials of goods is
calculated in Australia.



two countriesto sall the commodity in the host country. Thus, some stages of the production

are carried out by the multinational firm’s subsidiary in the host country.

How does the multinational firm choose the production stages that are carried out by
the subsidiary in the host country rather than import the components from the source country?
Let us index each stage of production (or the component that is produced at a production
stage) by avariable k belonging to a continuum [0,1]; k €[0,1] . The unit production cost at

the stage k (or the unit cost of component k ) in the host and source countries is denoted by

wik] and w'[Kk], respectively.

We assume that the firm selects the location of k depending on which of the two

locationsis cheaper. Consequently, the overall unit cost is

[[ min(w{s], w'[s])ds )

wik]
w'lk]

continuous so that componentswith alower k are relatively more cost-efficient to producein

For simplicity we index the components in such a way that

is increasing and

the host country. Moreover, we assume that W[0] < w'[0] and w{1] > w'[1] , which rules out

thetrivial case where one country isacheaper location for al components. Figure 1 showsthe

k]
w'[k]

Under these assumptions there exists a k® €[0,] such that wik°]=w'[k°]. The

relative unit cost function,

multinational firm can minimizesthe unit cost of production by choosing theindexes such that

all components with indexes below k° are produced in the host country, while those with

indexes above k° are produced in the source country. LetW[k ] J. w(s]ds be the portion

of unit costs attributabl e to host-country products and W [k ] '[ [s ds be the portion that

is atributable to source-country products. Then the unit cost of production is

WK°]+W K] .

A representative consumer in the host country has a utility function:



uzu[X+x*]+Y, )

where X isthe quantity consumed of the commodity produced by theindigenousfirmand X
is produced by the multinational firm. Y is consumption of a numeraire good that is assumed
to be competitively supplied. The inverse demand is given by

P[X +X ]=u[X +X].
We assume that demand is linear and downward doping, so that P'=u"<0 and
P"=u" =0. Denotetheinverse demand function as

P=—a[X+X']+b ©)
where a and b are positive constants.

To determine the Cournot-Nash equilibrium outputs of the firms, we assume that the
multinational firm perceives each country as a separate market in making its quantity
decisons. That means there is no trade of the final products between the two countries.
Therefore, we focus on the market in the host country. The profits of the indigenous firm and

multinational firm in the host country are respectively

M= (P[X +X"]-W)X 4
and

I = (P[X + X" J-W[k]-W'[k])x". (5)

Each firm maximizesits own profit by choosing output considering the competitor’ s output as

given.

Theindigenous firm has a constant marginal cost W , which istotal sum of the cost at
each production stage in the host country. Profits are maximized when the marginal revenue
equals to the marginal cost. Therefore, the profit-maximizing condition for the indigenous

firmis

PIX + X ]+P[X +X']1X =W ; (6)



—a(2X+)T*)+b:W : (6)

Thus, the reaction function of the indigenous firm is given by

X=h[X*]=—%X*+b;;N. 7)

The profit-maximizing condition for the multinational firmis

P[X + X ]+ PTX + X" 1X" =W[K°]+W [k°]: (8)

—a(X +2X" )+ b =W[k°]+W [K°]. 8)

The reaction function of the foreign firm is given by

X" = h[X] =—%x + b‘(W[kOZ];W*[kO]).

The equilibrium output for each firm is found where the two reaction functions

intersect. We obtain

(xO,x*o)z{b+(vwk°1+3W*[k°])—2W,b+vV—2(W[k°1+W*[k°1)J ©)
a 3a

asthe equilibrium output. The equilibrium price, which is determined by the inverse demand

function, can be written as
P°=:_13{b+VV+(W[k°]+W*[k°])}. (10)

In the next two sections, we consider the case where the domestic government
imposes arule of origin for favoring the indigenous producer. We attempt to investigate the

effects of the two types of rules of origin under the Cournot competitive environment.

I11. The Cost-Based Rule of Origin



In this section we consider the effects of one type of rule of origin. A cost-based rule
of origin requires that the value of domestic components must be greater than or equal to a
given proportion y of total cost for components to gain recognition as a product of domestic
origin. The cost-based rule of origin is represented as W[k]X " > (W [k]+W " [k])X ", or
Wk]= W [k]+W"[k]). We assume that it will be aconstraint only for the source country’s

producer in the host country.

Marginal cost

The multinational firm will determine the level of k that minimizes its production

WIk°]
WIk°]+W [K°]

cost subject to the rule of origin. When y > , the required ratio of domestic

components is greater than the initial fraction of the cost of production stages in the host
country to the total unit production cost. Under this situation, the rule of origin would affect
the situation of this Cournot competitive environment. In response to the rule of origin, the

foreign firm will sdlect k© for which the constraint is just satisfied; i.e,

WIK®] = »(W[k®]+W"[k°]) or W[K®] =1Lw*[kC]. Since the multinational firm hasto
e

shift more production stages into the host country in order to satisfy this condition, k© > k°.
The production stages k < (k° k], which had been carried out at a cost of w'[k] in the

source country, now take place in the host country at a cost of wik] > w'[k]. Therefore, the
unit cost W[k®]+W [k°] under the cost-based rule of origin is grester than the initial

unconstrained unit cost.

In order to see the relationship between the rule of origin and the cutoff level k¢, we

take atotal derivative of the origin rule constraint:

Wik ]k = (W[KkS]+W [kCT)dy + 7wk ] —w'[kC])dk . (12)

Therefore,
dk © WIkS]+W k]

_ : 0. 12
dr  @-yWKST+ W K] (12




This result means that more restrictive rule of origin increases the value of k¢ and expands

the production stagesin the host country, thereby leading to the following proposition.

Proposition 1: A cost-based rule of origin promotes more foreign direct investment and

expands the range of production processes for the multinational firm in the host country.

Effects on thereaction functions and output

How does the cost-based rule of origin affect the output of the commodity? First, we
analyze the effect on the reaction function of each firm. The rule of origin does not affect the
decision of the indigenous firm because it is not subject to the rule. Therefore, the reaction

function of the indigenous firm does not change.

However, the rule of origin leads to an increase in the margina cost of the
multinational firm.  The profit-maximization condition for the foreign firm is
MR =W[k“]+W [k®]. Thus, the new reaction function for foreign firm under cost-based

rule of originis

1., b—(W[k°]+W*[kc])'

X" =h*[X]=
[(X]=-5 5

(13)

Taking the derivative of the profit-maximization condition with respect to the requirement

ratio gives
S dx e e e o dk©
MR i = (W{k®]-w'[k°]) ot (14)
Hence,
dX© _ (wik°]-w K DWEK]+ W [kC]) _ o 15

&7 {1 kST K TMR

d(P[XC+ x|+ PXC 4+ XX )

where MR™ = - =2P'=-2a<0.
dXx




The above result says that more restrictive rule of origin reduces the output of the
multinational firm for each output level of the indigenous firm. In other words, the reaction
function of the multinational firm shiftsto theleft. Thistakes place dueto theincreasein the

marginal cost of the multinational firm.

Since only the reaction function of the multinationa firm shifts inward, the new
equilibrium output of the domestic producer increases, while the output of the multinational
decreases (See Figure 2). How much will they change? Since we assume a linear demand
function for the final product, the effect of the rule of origin on the output of the indigenous
firmisdetermined by taking the derivative of the reaction function of theindigenousfirm with

respect to the required ratio:

dX® _dh[X™°]  1dX"°

- , (16)
dy dy 2 dy
Thetotal change of output can be written as
diX®+X™) 1dX™®
XEx?)_1ax® @

dy 2 dy

Consequently, we have the following resullt.

Proposition 2: A cost-based rule of origin lowers the output of the multinational firm in the
host country, while it increases the output of the indigenous firm. The total output produced in

the host country decreases.

V. The Revenue-Based Rule of Origin

Next, we consider the case of an aternative rule of origin. A revenue-based rule of
origin requiresthat the cost of domestic components should not be lessthan a prescribed share

of total revenue to obtain recognition as a domestic product. The rule of origin can be written
asW[K]X™ > P[X + X ]X" where y €[0/]]is the required ratio for recognition. We can

rewrite the constraint as



WIK] = P[X + XT. (19)

Inwords, the unit production cost of the domestic components should not belessthan acertain

fraction of the price.

The revenue-based rule of origin affects the behavior of the multinational firm when

WI[K°]

W. In order to satisfy the rule of origin, the multinational firm has to shift
_l_

y >

some production processes into the host country and use more components there, thereby
increasing thevalue of index k asin the case of the cost-based rule of origin. However, under
the revenue-based rule of origin, the foreign firm can shift back some production processes to
the source country by increasing itsoutput. Thisisbecause anincreasein output decreasesthe
price of thefinal good. Consequently, the reduction in the price makestherule of origin easier
to satisfy; i.e., the foreign firm can reduce the number of production processes in the host

country.

Unlike the case of the cost-based rule of origin, the index of the production process
depends upon the output level of the multinational firm under the revenue-based rule of origin.
Under a certain rule of origin, we take the total derivative from the constraint to measure the
effect of achange in the output of the foreign firm on the range of the production stages. This
yields % = Vi < 0. Thismeansthat an increase in quantity makesit possible to meet the

W
rule of origin with fewer components originating in the host country. In other words, it is
possible to meet the rule of origin with fewer high-cost components originating in the host

country.

Marginal cost function

When the rule of origin exists, the cost function for the multinationa firm is the unit

cost times the quantity produced by the multinational firm:

C'[X"]=(WIK[X 1]+W KX TI)X . (19)

However, under thiscasetheindex k depends upon the output of the multinational firmin the

host country. Therefore, the marginal cost can be written as

10



. . O+ dk
MC :(\N+W )+(W—W)X dT

= (W +W*)+(1—W—*]wx*[7plj = (W +W*)+[1—W—*J;/(P’X*)

w w w

=W +W*)_(1—WW*}/(P—MR*) (20)

The marginal cost is lower than the average cost (W +W*) because an increase in quantity

makes it possible to meet the rule of origin with fewer high cost components in the host

country.

Effects on thereaction functions and output

The new reaction function is determined from the profit-maximization condition that

marginal revenue equals marginal cost:

MR" = (W +W*)—[1—WW*];/(P—MR*). (21)

Then the new reaction function is

1 PR WIS EATHUS)
- 1_w’*[kR]j 2_£1_w*[kf*]]
[ wik®] ) wik®] )

where k ® isthe optimal choice of the production stage index under the revenue-based rule of

X" =h®[X] =~

(22)

origin.

Now let us consider the effect of achangein the required ratio on the reaction function
of the multinational firm. Taking the derivative of the revenue-based rule of origin under the
condition that the expression (18) holds equality and the profit-maximizing condition given
the domestic firm’s output gives

dk

dx”
W— =P+ P —— 23
4 P P (23)

11



and

MR X
dy
" * " * (24)
“lw-w +p(P-MR)—W | 1 ¥ b p-MrR) 1= [P-MR)
dk |dy w dy w

In order to see the relationship between the change in the index and the output level, rewrite

equation (23) as.

dk P P dX

— = -, 23
dr w w dy (23)
Subgtitution of (23") into (24) yidds:
w w
dx” w’ PPX S w y2P2X" A= lax”
MR'—— =||1-— |[MR - —W 4 1-— MR’ - W (25)
dy W w dk w w dk | dy
Hence,
i v
= = w—w MR—PPX" WL /A 26
o (w—w MR —PP'X" ¢ (26)
and
dk _ —{1—7{1—\’\/DPMR’H/(l—WjP’MR}/A, @27)
dy W w
qv
where A = ~MR'{1— 3w+ w' |- (P2 X" dﬁ" > 0.

For value y = °at which therule of originisjust binding, we have wik®] =w'[k"].
Thus, equations (26) and (27) can be rewritten as

12



. s A
| _RPPX T w g (26')
dy | A dk

and
def __PMR . (27)
dy|,_. A

These results suggest that a small change in the rule of origin causes the foreign
reaction curveto shift outward (See aright panel of Figure 2). Thisshift resultsin anincrease

in output of the multinational firm and areduction in output of the indigenous firm.

A more restrictive rule of origin aways leads the multinational firm to bring more
production stagesinto the host country. However, we cannot determine the sign of the change

in output of the multinational firm. Since the first term of (26) is positive for y > ° and the

second term is always negative, there can exist a value of y at which X~ starts declining.

Hence, we have the following proposition.

Proposition 3: A marginally restrictive change in a revenue-based rule of origin from the
level that the origin rule is just binding may induce the multinational firm’s subsidiary to
increase both the range of production processes in the host country and the quantity of final

output.

V. Welfare Effects

We now examine the welfare effects of each type of rule of origin on the host country.
The welfare of the host country is the sum of the consumer surplus and the profit of the

indigenous firm. It may be written as
X+X"
G:[ jP[Z]dZ—P[X+X*KX+X*)J+H, (28)
0

where the term in the bracket represents consumer surplus and I'T denotes the profit of the

indigenous producer.

13



To see the effects of the rule of origin on welfare in the host country, we take the
derivative of the welfare function with respect to the required ratio of the rule of origin, which

gives

d_G:{Pd(X +x*)_P,(X +X*\d(X+X*)_Pd(X+X*)} dr1

dy dy ©ody dy dy

=—P(X + x*)d(xd;/(*){wx M+(P —VV)d—X}

P X)X X 29
2 dy dy

Thefirst term has the same sign as ddi , implying that consumer surplus increases when the
4

output of the multinational firm increases. The second term has the opposite sign from ddL :
v

implying that the domestic firm’s profit decreases when the output of the multinational firm
increases. We can rewrite the above equation as.

dG _ P(X - x)dX’

E 2 dy

The output level of each firm depends on the marginal cost of each firm. In the case of
the cost-based rule of origin, the multinational firm's reaction curve shifts inward and its
output decreases. |f domestic output isinitialy greater than foreign output, i.e., if themargina
cost of the indigenous firm is less than that of the multinational firm, then domestic welfare

increases. By contrast, welfare decreases in the opposite case.

A margina change in a revenue-based rule of origin from the pre-regulation state
increases the output of the multinational firm’s subsidiary. Thus, when domestic output is
greater than foreign output, i.e., if the margina cost of the indigenous firm is less than that of
the multinational firm, domestic welfare decreases. Similarly, welfare increases in the

opposite case. Hence, we have the following result.

14



Proposition 4: When the marginal cost of the indigenous firm is less than that of the
multinational firm, the cost-based rule of origin increases the host country’s welfare, whereas
the marginally restrictive change in a revenue-based rule of origin from the level that the
origin rule is just binding decreases its welfare. When the marginal cost of the indigenous
firm is greater than that of the multinational firm, the cost-based rule of origin reduces

welfare and the revenue-based rule of origin raises its welfare.

Welfar e of the source country

Next, we analyze the effects of the host country’ srule of origin on the source country’s
welfare. This depends on the profit of the subsidiary in the host country because the rule of
origin does not directly affect the market in the source country. The effect of the rule of origin

on the profit of the multinational firm’'s subsidiary is

ﬂz(mLX*_(vmw*)jdx* _dwew)y 0
dy 2 dy dy

Under the cost-based rule of origin, the coefficient of thefirst termispositivefrom

the profit-maximization condition for the multinational firm:

P'X"

P+t —(W+W )>P+PX —(W+W")=0. (31)

Since the sign of ddi is negative, the first term becomes negative. The second term is
Y

d(V\/d4+W*) = (W —w )j—k = (V\El_ W*)&NJ;I\\/IY : ) > 0. Therefore, the cost-based rule of origin
4 4 -7

must reduce the welfare of the source country.

Similarly, under the marginal change in a revenue-based rule of origin from the

pre-regulation state, the coefficient of the first term is aso podtive from the

profit-maximization condition. Since the sign of ddiis positive, the first term is positive.

The second term is zero because d(\Nd;W) = (w -w )j—k = 0. Hence, the margina change
v v

15



in a revenue-based rule of origin from the pre-regulation state increases the profit of the
multinational firm and foreign welfare. However, arule of origin may not assure an increase

in foreign welfare when it istoo restrictive.

Aswe look over the results of the effects of rules of origin on each country’ swelfare,

we note the following proposition.

Proposition 5: When the indigenous firm has higher marginal costs than the multinational
firm, the marginally restrictive change in a revenue-based rule of origin from the level that the
origin rule is just binding increases both countries’ welfare, whereas the cost-based rule of

origin decreases their welfare.

V1. Conclusion

We have investigated the impact of two types of rules of origin on welfare and output
inaduopoly model. A cost-based rule of origin raisesthe output of the indigenous firm while
it reduces the output of the multinational firm’'s subsidiary in the host country. This result
follows from the fact that the rule of origin increases the marginal cost of production for the

multinational firm. Consequently, total output available for sale in the host country declines.

The marginally restrictive change in arevenue-based rule of origin from the level that
the origin rule is just binding, however, leads to quite different results. In particular, this
policy induces the multinational firm to increase the range of processing stages in the host
country and the quantity of final output. This is because an increase in output makes it
possible to meet the rule of origin with alower share of high-cost components originating in
the host country. Hence, the revenue-based rule of origin lowers the output share of the

indigenous firm.

Under the assumption of alinear demand function, we can see clear-cut welfare effects
of thetwo typesof rulesof origin. The cost-based rule of origin leadsto areduction in the host
country’s welfare and an increase in the indigenous firm's profit. In contrast, the
revenue-based rule of origin leads to an increase in the host country’ s welfare and a decrease

in the indigenous firm's profit. The cost-based rule of origin reduces the source country’s

16



welfare, whereas the revenue-based rule of origin raises it. Consequently, the marginal
change in the revenue-based rule of origin from the pre-regulation state can increase both

countries welfare. However, the indigenous firm’ profit decreases.

What are the policy implications of this paper’ sfindings? Asatype of strategic policy
to protect the indigenous firm, the cost-based rule of origin is superior to the revenue-based
one despite the revenue-based rule of origin may increase both countries welfare. From a
strategic industrial policy perspective, it is not critical that the former raises the indigenous
firm’sprofit whilethelatter reducesitsprofit. Thus, if the purpose of imposing arule of origin
isto protect the indigenousfirm, it ismore likely that the host-country government will adopt

the cost-based rule of origin athough it might reduce both countries’ welfare.

An extension of thisresearch isto consider the effect of rules of origin in the event that
an indigenous firm and a foreign subsidiary compete in the price of the fina output, i.e., a
Bertrand competition. A cost-based rule of origin raisesthe margina cost of the foreign firm,
and it will have the same effects as in the Cournot competition model. However, the
revenue-based rule of origin may give the foreign competitor an incentive to increase
production and reduce the final output price in fulfilling the requirement of thistype of rule of

origin.
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