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SECTION 1

INTRODUCTION

In this paper we analyze the effects of content protection schemes in
an oligopolistic setting. Although much work has been done on such schemes,
it has been confined to the polar casec of tompetition and monopoly.

Content protection has gqualitatively different effects in oligopolistic
markets because it alters the nature of interactions between firmz. In
contrast to the results derived under competition and monopoly, we chow that
under certain conditions content protection, even when set at free trade
levels, muct lower the profits of domestic input supplies. We relate these
tonditions to the form of the protection scheme, and characteristics cf the
narket on the demand and supply side.

The point that protection schemes act differently in different market
structures can be made more clearly by identifying three effects of any
restriction in cligopolistic markets. In a competitive framework, any form
of protection works by altering the market demand and/or supply functions
wherever the constraint is binding. If the tonstraint is set so that it is
juet binding at the free trade levels, it will not alter the demand and/cr
supply functions at equilibrium and so the 4ree trade equilibrium must
remain an equilibrium.1 In other words, in competitive markets,
restricticons affect equilibrium only by being restrictive. We crall this the
"C" effect.

In the case of domestic monopbly and foreign competition, even
restrictions which would not have produced any effect under competitive
ctonditions have significant effects. These arise because such restrictions
alter demand or/and supply ctonditions at points aside from the unconstrained

equilibrium point. Hence, they can affect the monopolists’ choice. In this



manner, restrictions can have significant effects by their sheer presence.
This point was made in Ehagwati (1963). We call this the "M" e¢fect.

In an oligopoly model, not only does the effect present in the
competitive and monopoly models exist, but because each agent is affected in
the manner the monopolist was in the previous paragraph, the actions of all
agents can change. As the outcome depends on all agents interacting, an
additional effect arises. This point was made in Krishna (1984), and we
call this the "I" effect. Notice that in the oligopoly case, both "C" and
"M" effects also exist. Although the "M" effects of protection at free trade
levels cannot but benefit domestic producers, the "I" effects can be harmful
if they work against the "M" effects. "L" effects are local effects while "M
and “1" gffects are glchal effects like those of a change in regime.
Theretore, they are likely to be very important. We analyze content
protection schemes which are just binding at the free trade levels. The "({"
effect is therefore eliminated, which allows us to focus on the "M" ang "I"
effects.

Intermediate good markets provide a natural product differentiation
through the production function for the ¢inal good. They also provide
cimple examples of products being complementary or substitutable in demand,
i.e., of demand for an input falling or rising in response to an increace in
the other inputs price, as well as of "unusual” slopes of best response
functions, We do not restrict ourselves for this reason to considering only
substitute goods or particularly sloped best response functions.

We consider content protection schemes specified in'physical terms as
well as in value-added terms. We find that the effect of content protection
schemes depends upon three factors, the first being the form of the scheme,

namely whether it is specified in physical or value added terms. The second
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1s the degree of substitution between inputs, namely, whether the
elasticity of substitution exceeds cne or not. The third is whether an
input ‘s demand rises or falls when the other input's price rises--i.,e.,
whether inputs are substitutes cor complements in demand.

It content protection is specified in physical terms, we show that
equilibrium prices tend to rise, but that the domestic firm loses from
protection if the inputs are complements, but gains if they are substitutes.
If content protection is specified in value added terms, the results are
identical to those of physical content protection as long as the elasticity
of substitution exceeds one. They are reversed if it is less than one, so
that price tend to fall, and the domestic firm gains fron protection 1f the
inputs are complements, and loses if they are substitutes.

In Section 2 we set up the model which is used in Section 3 to ctudy
physical content protection, and in Section 4 to study value added cortent
protection. In Section 5 we disucss the effectes of physical content
protection when there is an additional factor, such as domestic labor, which
is competitively supplied. Finally, we analyze the incentives for labbying
efforts on the part of labor and producers in the context cf this model. We

cffer a few comments on our results in the toncluding section.



SECTION 2
The Model

In this section we examine the factors which affect the demand for
intermediate inputs in imperfectly competitive markets. We assume that there
are two intermediate inputs, whith combine tﬁ produce the output of the
final good. OCOne of the inputs is produced by the home country, while the
other is produced by the foreign tountry. FEoth inputs are produced at a
given constant marginal cost. We assume that the technology for the
production of the final good is that of constant returns to scale, and that
the final product is competitively supplied by domestic firms. Throughout
we assume that the demand for the final product is given by a well behaved
downward sloping demand function, We will denote foreign variables with "#"cg,
Thus, w ang w¥ are the prices of the intermediate inputs, and z{w,w*) and
2#{w,w¥} are their demands. r and r¥* are the constant marginal costs of
producing the inputs. D{p}) gives the demand for the final product as a
function of its own price, p.

As we assume constant returns to scale in the production of the final
good, the unit cost function for the production of the final good 1s
independent of the level of output and deperds cnly on input prices. It is
also homogenetus of degree one in them., Unit cost is denoted by clw,w®) and
w/wt = (. [Of course, c{w,w*) has the usual properties, namely, cw(u,w*) =
altid  and cw*(w,w*) = a*{w), where a and a* are the unit input coefficients.
fAs usual, subscripts on functions denote partial derivatives with respect to
the subscripted variable.

Demand for z consists of the product of the amount of z needed to produce
one unit of the final product, ali, and the total amount of the final

product produced, D(p)., Due to the assumption of perfect competition in



the final product market we know that p = clw,w*), Hence:

(1) 2 (W, wk)

a{tBlclw,wk)) and

(2) Z2E(w,w¥)

a*({NDlc(w,we)),

Note that demand for inputs is a derived demand. Input prices affect demand
through two channels: via the input coefficients and via demand for the final
product, which depends upon unit production costs., Profit functions for

domestic and foreign input suppliers are therefore given by:

(3) n{w,w%) {w=rlzi{w,us) and

(4) TE (W, W)

(HE-r¥)z*{nw,we),

Biw*) and B#(w) are the best recponse furcticons of the domectic and
foreign firms, tc a given price charged by their competitor. They are defined
by the firet order conditions:

{5) nw(B(w*),w*) =0 and

{&) n*w*(w,ﬁi(w)) &,
respectively. Nash equilibrium is defined by both (5) and (&) holding, sa
that each price charged is a best response to the other.

It is often thought that if competition between firms involves chocsing
prices and the products are substitutes for one another, then best respconse
functions must be upward sloping., One exception to this carn be found in
Bulow, Geanakoplos and Klemperer (1985) who show that there ic little reason
to asscriate a particular slope of the best response functions with a
particular strategic variable. It is alsoc usually assumed that preducte are
substitutes in demand, but the market for intermediate goods can be shown to
provide natural examples of complementary goods and unusual slopes of the best

2
response functions.
In the next sections we consider the effects of content protection and show

that this depends on the form of protection, whether inputs are complements or

substitutes, and whether & 8 1.
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Section 3

3.1 Content Protectiaon

Content protection policies reguire that a given proportion of domestic
value added, or a given proportion of domestic components be embodied in the
final product. The policy is enforced by setting penalties for non-
compliance. These cften take the form of tariffs on imported intermediate
goods, and/or the removal of tariffs on imports of the final good.
Throughout we assume that the penalties are sufficient to deter non-
compliance. Therefore, we do not need to specify the penalties themselves.
We will first discuss content protection policies in general. Then we will
consider the effects of a content protection scheme specified in physical
terms. Lastly we will consider value added schemes, as they are more
tomplicated.

Content protection schemes are means often used by developing countries
attempting to build a manufacturing base, and by developed countries to
prevent the erosion of Quch a base in industries threatened by foreign
competition, Taiwan has used such policies in the television and
refrigerator industries, while the U.S. has used them to revitalize its ship
building industry, Canada used them to protect her auto industry Lkefcre the
Auto Pact.3 Among the more pernicious of such schemes seem to be the
content protection schemes that have been in existence in Australia for the
auto industry for almost 25 years., These schemes have led to 3
proliferation of models unwarranted by technglogical conditions and market
size and a cost 3imost double that of imports., For a very amusing and
informative history--see Gregory and Ho {1985). More recently, proposals

have been made to institute domestic content requirements on the automobile



industry in the U.S.

Content protection policies have been previously analyzed in the
literature, at both a theoretical and empirical level. The works of
Wonnacott and Wonnacott (§1947), Munk (1969), Johnson (1971}, Corden (1971},
McCulloch and Johnson (1973), Grossman {1981) and Mussa {1984} are in
particular worth mentioning. McCulloch and Johnson pointed out that a
tontent protection scheme is basically a proportionally distributed quota as
the ability to import foreign inputs depends on the use of domestic inputs.
Content protection has been favorably compared to a tarifé in Mussa (1984).
The argument given there is that while content protection dictorts the input
mix, thereby raising costs, costs rise less than under a2 tariff that leacs
to the same input mix, This is berause foreign input prices doc not rise in
the former case. Musca (1984) alsc analyres the implications for
techriological progress of such schemes. Grossman {19810 points cut, amcng
other things, that a content protection scheme which requires a given
proportion of value added tc be domestic, could actually reduce domestic
value added in some cases if the importable and domestic inputs were
"cnmpIementary".4

None of the existing work, to our knowledge, analyzecs the effects of
such schemes in oligopolistic markets where the results are very different,
Oligopolistic markets diféfer from perfectly competitive markets as a content
protection scheme, even one set at the free trade levels, can have a
significant impact. In this they are similar to instances where a
restriction creates a monopoly, an& hence has an effect by its very
existence. An-analysis of oligopolistic markets differs from that of a
sonopoly, as more than one ¢ira behaves strategically, and content
protection affects the behavior of all firms. Hence, the equilibrium, which

depends on the strategic interactions of all firms, may change in ways which



are not possible with a domestic monopoly and foreign competiticn. For
example, content protection at the free trade level cannot reduce the
domestic input producer’'s profits if he is a monopolist and the foreign
input is competitively supplied, as argued by Mussa {(1984}). This is because
he always has the choice of charging the free trade price. However, this
argument 15 not sufficient to ensure that profits of the domestic producer
must rise when the foreign input is also supplied under imperfectly
competitive conditions. This is because the eguilibrium may involve the
foreign firm charging a different price from that charged under free

trade.s



3.2 Content Protection and the Profit Function.

Consider the effect of a content protection scheme which requires that

the ratio of physical inputs, used in producing a unit of output

28!
be at least as great as &.6 Physical content protection schemes

might be possible to implement for goods like yarn where different fibers
are combined toc produce yarn. We use Diagram 1 to illustrate our arguments,
In it, Fi{z,z#) =1 +traces out the efficient combinations of z and 2%

needed to make a unit of final output. The combinations of inputs which

both make a unit of output and give i; b % is given by the shaded

area in Diagram 1, If @ exceeds W in Diagram 1, the content

protection scheme can be seen to be binding. and a(;), a*(;) are the

unit input coefficients, If ¢ is less than Q, it is not binding,7

and unit input choices are the unconstrained ones. The ratiao §I(w> in

the abtence of any protection is depicted in Diagram 3 by & downward slorping
turve such as BE’ for obvioue reasons. The constraint makes thic ratio into
the line BEEL,

We will define the profit function in the presence of a scheme as a
composite of the unconstrained profit function, n(w, w*) and the profit
function on the assumption the constraint is binding, n {w, u'). On the
ascumption the constraint is binding, minimized unit costs of production are
given by E(u,w*) = walil + wea¥ (), E(w,w*) exceeds ci{w,w¥), except when
= Q, the point at which the constraint just bites, where it is equal to Clmw, Wi},

Let E(u,u*) and ﬁ*(w,wi) denote the profit functions for the home &and

foreign firms respectively on the assumption that the scheme is binding so that:

(7)) mlw,w¥) = (w-r)a(GD(atidw + a®(Ww#) and

(Wo-r®)a® (DD (a(Clw + ak (L) WE).,

(8) mE{m wk)

Let n(w,w*) and n¥(w,w%) be the profit functions of the domestic and



foreign #irm when the content protection scheme 1s imposed. The scheme is binding

~

- - A
¢ » wand is not binding if W< & This allows us to write m and n* as follows:

- - -
(9) nlw,wk) = {w,wk) if W 2 e
= W Wk) it oW { LmE,
A -
{10) nE(w,we) = me{w,ws) if we > w/w
= Tk W, wk) Pf we C w/la
Notice that n and mn%* are continuous, as alt) = aft) for = W

Having defined the profit functions, ; and ;*, we need to examine their
properties. Throughout this section, we will assume that n and ﬁ, n¥® and B*,
are concave functions in their own price, given any price set by the cther.
The properties of ; and ;* cannot be assumed, but must be derived from their
definition in terms of their unbarred and barred components.

Using Diagram 1, it is easy to verify that the slope of ﬁ, Ew must
exceed m when evaluated at points where the constraint just binds. This is
because Ew and us differ at such points only because a{(w falls as w ricses
while a{w) is unchanged.8 There are, therefore, only three possible

relationships between the slopes of n and n at such points. Either:

n >»n > O or

3
hr
L]
L4
3
[=]
i |

These three cases are dencted as case a, b, and c, respectively. GSimilar

arguments show that na* must exceed n:* as well, and an analogous three cases,

¥ ¥ *
a b, c, to the ones above are the anly ones possible. These possible shapes of

Y A* ~
n, n are illustrated in Diagram 4. Also, due to the definitions of m and

L ~ . ] 9
n¥, it is easy to see that m must be concave if n* and m are concave.

It is easy to verify that n is not concave. An implication of the concavity of

10
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n¥, and the nonconcavity of n is that the best response function of the foreign
firm must be continuous, while that of the domestic firm need not be. These
characteristics of n and nt help us to characterize the form of the best

responses of each firm in the presence of a content protection scheme. We

turn to this task in what follows,

i1



3.3 Content Protection and Best Responses

Under a content protecticn scheme % is either m or m and the switch
between them is made along E:'= ) where they are equal to one another.
This switching between profit functions makes characterization of the best
response functions slightly tricky. First we will derive the best response
associated with ;(u,u*), which we denote by a(u*). Define B(w#) as the
best response funFtion associated with ﬁtu,u*). B{w#) 1is, as hefore, the
best responcse function associated with niw,wk}, E*(w), E#(w) and FE*{w)
are defined analogously. B,B%¥ and §,§* are depicted in Diagram 5.10

As ;(u,w*) is made up of segments of n and m, and ; switches from n
to mat = @, g must be either & or B or lie along the kink &t W= .
However, for g to lie along the kink, n must be upward sloping and n must
be downward sloping at the kink., This possibility has been ruled out.
Therefore, g(ul) is either Bi{ws) or Blws), Moreover, Lemma 1 which fcllows

ctharacterizes the conditions when it is one or the cther.

Lemma | Take a given value of w#® and let U EH be evaluated at w = (m#.

If m {weWws) > 1 (w,we) > 0,
W ]
then B(we) = B(we),
If no(W,wE) >0 > on (W, W),
] ]
then niw,wk) = B(wk) if N(Biwe) Wkl < T{B(WE) W¥)
= B(wt) if  TiBiwk),w¥) > T(B(WE),wk)

[B(wk) ,B(w¥}] if  THB{wk),w¥) = m(B(WE), we),

If 0 > T (wywk) > mo(w,uwE),
= v W
then B(we} = Blu¥),
Progf
-~
Lemma | is obvious once n is drawn as in Diagram 4 . 1

~
Lemma 1 completely characterizes the best response function, B(n*).ll

One possible shape of B(w#) is depicted in Diagram 5.

12



In an analogous fashion to our argument about E(u*), we can show that
ﬁ*(u) is either B¥{w) or ﬁ*(w), or that it lies along the line W = .
Since ;*(u,ui) is known toc be concave in w# for a given w, the best response
function g*(u) must be continuous. Mcreover, ﬁ*(w*) can be completely
characterized as follows in Lemma 2.

Lemma 2: Let w be given, and let the following derivatives be evaluated at

w¥k = W/
If n*w*(w,u*) > n*“*(w,w*) > a,
then Brlw) = Bé(w),
If E*”*cu,u*) YOy m wywe),
~ w
then Ba{w) = =,
(A
1f ¢ g_ﬁ*u*(u,u*) LT
then B#(w) = Be{w),

Proof: Follaws from drawing n* as in Diagram 4. 1

E)

B#* is also portrayed in Diagram S.



3.4 Eguilibrium with Content Protection

In order to deteraine the effects of content protection, we need to
characterize the egquilibriur. We are now in 3 position to do so. We will
consider the effect of restrictions set at the free trade levels. Since we are
interested in the effect of a content protection scheme on interactions between
firms, we will assume that in the absence of any protection there are no
asymmetries between the firms and that a unique stable puré strategy eguilibrium
exists when B,B*'or E,ﬁ* are the best response functions. We have therefore
assumed that B and B# intersect only cnce. Since there are no asymmetries
between the firms, and since the restriction is set at free trade levels, B
and B% must intersect alorg the W line.

The stability of the free trade equilibrium ensures that Hiwk) lies above

the line, when wk < wk

N and below it when w# > “*N' Therefare, n, must be
positive along the Wline if we ¢ w*N. Hence Ew sust alco be positive here,
and B(w#) must lie above the & line when we L Wk By arguing analogously

about B{w) and B¥(w), it becomes obvious that the intersection of Biw¥) and

Bx{w) must occur to the right of the free trade equilibrium at a point such as

(NA,N*A) in Diagram 5. We also know, by our assumptions of symmetry, stability

and single intersection of B and B¥, that B(w#) must lie above the &

line when w# ¢ "A*' and below 1t when wx WA*'

Now, if we { W Lemma 1 ensures that B(w¥) = E(w¥) since both n,

N?
and m, are positive along the w line. 1f w: ¢ w¥, Lemma 1 encures that
a(w*) = B(w#), since both Ew and n, are negative along the W line. 1f

w*N { we { N*A, then E(w*) could be either B(w#) or B(w%). This i5 because
ﬁwtu,w*) >0 }.nw(w,u*) along the @ line in this event, and the results of
Lemms 1 apply once more. One possible shape of a(w*) is illustrated in
Diagram 2. ﬁ(u*) may, of course, jump more than once, but it can only jump
for values of w# between w¥_, and wx,,

N A
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Now we turn to the shape of B¥{w}, If w < Wyt Be(w) must lie below the
W line due to the stability assumption we amade. Hence, n*'* along the W

line must be positive, and therefore, so must ﬁi" . By Lemma 2, BH¥#{(w) must

¥

equal B#(w). If w > w then both 5*“* and mEoare negative along the W

A'

line, so that B*(w) must equal Be(w). If W Zow o x Wyt then E*u* is

positive, while n*“* is negative, so g*(u) must lie along the W line.
Ei(u) is drawn in Diagram 5. The assumption of symmetry and a unigue
intersection of B{w¥) and Bt(w) also ensures that E(w*) and g*(w) do
not intersect, so that there is no pure strategy equilibrium.

Notice that we already know a fair amocunt about the mixed strategy
equilibrium, Glicksberg's theorem ensures that it Exist.iz We will verify
that it does exist later on as well. Since ;; is concave in w¥,; the
equilibrium must involve the foreign firm charging & single price, and not
randomizing., Since no pure strategy equilibrium exists, it must involve the
domestic firm randomizing over the prices. 7To do so, it must be indifferent
between them, so that both prices sust both lie on the same iso-profit contour.
This is a point where tﬁe reaction function jumps. Recall that ﬁ(w*) can only
jump when w¥ lies between “*N and LA

Biagras 3 illustrates an equilibrium under the content protection scheme.

The domestic producer randomizes between the two prices w, and w,, wherezs the
L

1

foreign producer sets the price w# Although the domestic producer’'s best

x
response function has only one jump here, there is a possibility that it has

more jumps. However, since jumps can only occur when wt, < w¥ { W the price

N a'
charged by the foreign firm in any equilibrium must rise due to the content
protection schese. Alsoc, if the products are cosplements, the domestic firm’'s

profits must fall since the profits along B{(w#) in this region are lower than

A
nN, as depicted in Diagram S. If the products are substitutes, domestic

15



profits must rise. The domestic firm’'s average price may rise or fall, as can
the foreign firm’'s profits. The proportion of value added domestically, or
domestic input use could rise or fall as well.

Qur arguments have allowed us to show that domestic profits rise or fall
due tg a physical content protection scheme, set at the free trade level,
according to whether the products were substitutes or complements. In doing so,
we used the fact that an equilibrium in mixed strategies existed.

Alternatively, it can be seen to exist in Diagram 5 by noting that we only
need to show that there exists a randomization between w, and w avatlable

H 2

to the home firm, which makes the foreign firm wish to charge w# which is

!!

Pl EaY Pal
easy. Notice that B#(w,}) { w, % and B*iw ) > wh and m*{W,w¥) is

H I 1’

Ea
WE ) > 0 while e

2
A
concave i1n w¥, Hence, n* (w (w
el ! T3 i we 2

Wk ) < 0, Since

1 !

it is easy to find a convex combination of a positive and negative number
that gives zero, we have shown that a feasible randomization exists for the

domestic firm, such that the foreign firm wishes to charge w, *.

i
Theorem | ctates our main results for this cection:
Theorem 1: The effect of a physical content protection scheme, set at the free
trade level, is to raise domestic profits if the products are substitutes, but

to lower them if they are complements. Foreign prices always rise, although

averaqe domestic prices need not always rise. The proportion of value zdded and

total domestic input use could, likewise, rise or fall, I

This result makes some intuitive sense when the effect of content
protection is decomposed intoc the "C", "M", and "I" effects previously
mentioned. If the restriction is set at the free trade level, there are by
definition no "C" effects. Irrespective of whether products are substitutes or
complements, the home firm wants to raise its price, since content protecticn

makes the demand function facing it less elastic for higher prices, although it

16



doesn‘t alter demand at the free trade equilibrium,

Hence the "M" effect for the domestic firm causes w to rise. This is
represented bty the movement from the free trade equilibrium to M in Diagram I.
Notice that profits cannot fall due to the "M" effect. The foreign firm, on the

other hand, doesn't want to change its price from wk and no "M" effect

NY
operates on it.

The "I" effect consists of the movement from the M point to the new
equilibrium, GSince the restriction makes the foreign firm respond to price
increases by increasing its price, the interaction effect tends to raise wk, and
can raise or lower w from the M positinn.13 Although the "M" effect raisec
the home firm's profits, the "I" effect towasrde higher foreign pricec tends to
lower them if the products are complesents, but raise them if the products are
suybstitutes. In the latter cacse both M and I effecte work in the same directicn
and domestic profits rise., In the former case, they work in opposite
girections. Moreover, the "I" effect dominates the "M* effect and domestic
profits fall. The effect on foreign profits is less clearcut, and it is
possitle for foreign profits to rise or fall.

So far, we have restricted curselves to an analysis of physical content

protection. In the next section, we build on this in our analysis of value

added content protection.



SECTION 4

4,1 Value Added Restrictions

ul > « or equivalently, that

A value added constraint requires that ;;:;:;: >

w%: 1_;%;? The unit input choice under the value added constraint is
complicated by the fact that the feasible set of :1nputs i1tself depends on the
value of W. The set of feasible inputs consists of the combinations of inputs which

both meet the restriction that S;'lies above ?%; t, and which produce at

least a unit of output. This set is depicted in Diagram 2 by the shaded regicn.
It 15 easy to see from thisc diagram that if the value added constraint is
binding, the cost minimizing input coefficients are given by the %: that

lie on the unit isoquant and just meet the value added constraint. Dencte

these inputs by a (W, «) and S*tw, o). It the constraint is not binding,

the choice of inputs is the unconstrained one.

The only question that remains then, is when the constraint is binding.

As the value added restriction is equivalent to the requirement that w%: 3 —%;,

the restriction is binding if w::‘% falls short of I{ﬁ;, and not binding if

: . o (&) L : _
it exceeds I?u' Differentiating u%;?t;'shows that this increases with i1t @

£ 1, but decreases with Wif ¢ > ! since ¢ measures the responciveness of

a i . . Lot . .
2E (W) to changes in (. We will assume that 2k 15 monotonic, and def:ne

- . o .. . - . ) .
W to be where it equals ™=, The curve AA° in Diagram I gives the combinaticns
-« g §

of 3 and %: which give a constant product of T%;. I+ o > t, then the unit input
ratic ::?&) will be given by a curve like BB', and one like CE'; if 0 ¢ 1,

Wy the point where the constraint just binds, is given by the intersectiaon

of AA" with BB’ or EC. If ¢ C &, and W > ﬁ, the unconstrained choice of

a_ ali
at! as(w)

is larger than that needed to meet the value added constraint and the

3 alw

constraint does not bind. I W ¢ %, the unconstrained choice of s ~— i5
at’ ax{i)

smaller than that required to meet the value added constraint and the constraint

i8



binds, Notice that this ic the opposite of where the constraint binds for the
physical restriction. Thus, the choice of 3: is given by the line CEA".

1f{ on the other hand & > | then the constraint bites for & > « and doesn't
bite for W< W. This is similar to the way a physical content protection
scheme operates. The choice of 3; is therefore given by AEB’ in this case.

The cost ainimizing input coefficients, when the constraint is binding, are
cbviously Stw,u) and ;*(w,u), cf Diagram 2.14 If the constraint is not
binding, they can be seen to be the unconstrained unit input coefficients. Wz
will define E(w,wi,a) as the cost function, on the assumption that the
constraint is binding, even when it really is not, s that the unit input
coefficients are given by E(w,u) and ;*(w,u). Thus, E(w,w*,u) equals
u;(w,u) + w*;*(w,a), and lies strictly above clw,w¥), except where = Q,
where it equals it. The slopes of ¢ and ¢ are therefore equal at all points
where the constraint jucst binds,

Now we turn to the implications of thece facts on the profit functions,
fAc before, we will define ﬁ(w,w*,u) and ﬁ*(u,u*,m) ac the profit functions on
the assumption that the value added constraint is binding, and ;(w,u*,m)
and ;*(u,w*,a) as the profit functions in the presence of the value added

. - * *
constraint which are composed of segments of niw,w ,x) and niw,w )} and

¥ * -% ¥ )
m(w,w ) and n (w, w ,&) respectively. As usual:

- ¥ -

MWW &) = (w - r) DCCCw,m yo0) &nd

- * * - ¥

miw,w ,&) = (w* - r ) Diclw,w ,c)).

- ¥ ¥ - ¥ , - ¥ ¥
Now compare n"(u,w s &) to nw(u,u () at w = . Since cw(w,w &b = cutu,u ) =
- ¥ ¥ : - ¥

all) and c(w,w ,x) = ci{w,w ) at such points, the only difference between nwiw,w y o)

¥ -
and n"(u,u o) arises because of a differential response of a{Ww, « and

alt) to changes in w. If 0 > 1, then the line AA’ is steeper than BE', so S(w,m)

is less responsive to changes in w than a(t) and although both fall as w rises, a{w!

fails by more. Thus, E“(u, u*,u) > n"(u,u*) when evaluated at points where the
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constraint just binds. The constraint also only binds for values of w higher than
;hf. The shabe of miw,w¥,x), the profit function of the domestic firm in the

presence 0f & value added constraint, is therefore just like that of niw,w#} in

Section 3.
Similarly, an increase in w¥® lowers ;*(w,u) by less than it lowers
a®{id, and ﬁ:*(w,u*,u) > n:*(u,u*) at points where the constraint just

tinds. The constraint also binds only for values of w# less than w/ia  The

i

shape of ;*(w,w*,u) 1s therefore also like that of ;*(w,w*) in Section
In Sectiaon 3, the effect of content protection basically followed from the
shapes of ; and ;i. The same results therefore hold for value added
protection schemes when o > i.

I+ ¢ < i, then it can be seen from Diagram 3 that raising w, from the
point when the tonstraint just binds, lowers E(w, ) by more than it lcwers
a{ih. This implies that the input demand functicn under the assumption the
constraint binds 15 locally more elastic than the unconstrained one.15
Thus, at points where the tonstraint just binds, E"(u,w*,u) <M otwyu),
Morecver, the constraint becomes binding at lcw values cf w, not high ones so
that ;(w,w*,u) remains NGRCORCave,

Similarly, raising w* lowers E*(w,a) more than 1t lowers a*{tN. Thic
means that ﬁ:*(w,w*,a) must be less than n:*(w,wi) at points where
the constraint just binds. However, since the constraint is binding only for
high values of w¥, ;(w,w*,a) must be concave in w# as before.

Due to these differences, Lemmas 1 and 2 need toc be ctonverted to Lemmas
t° and 2', All derivatives are evaluated as points where the constraint
just binds. THe notation is abbreviated, but should be clear. As the

arguments made in this section are so similar to those previously made, we

will be terse in our presentation.



Lerma 1

I¢ n <(n €0,
w W
then E = B.
If n <0< n,
L] ]
then E =B if nm(B, wé) > n(B, we)
R =5 if n(B, we) < niB, we)
R = [R, Bl if ni(E, we) = n(k, we).
14 0 ¢{mn Cmn,
- W W
then B =8 [
Lemma 2°
-% ¥
it L { U [
then B* = R.
- ¥ . *
If Tk <0< s
l\* _ .w_
then B = o
- *
1f 0 Ln, <
l\* -
then B =58 T[]

Using Lemmas 1° and 2', one can show that the equilibrium must be similar

to that in Section 3. The only differences are that ﬁ(u;) < L and the

) .r . . b
jump in B otcurs below w Therefore, if the products are substztutes,1

N
a value added scheme set at free trade levels lowers the equilibrium profits cf
the domestic firm. 14 the products are complements, domestic profits rise. The
results of Section 3 are seen to be reversed when a value added scheme is
tonsidered and 6 ¢ i. Notice also the tendency for prices to fall in

equilibrium, as opposed to their tendency to rise when & > 1. Diagram 6

illustrates the equilibrium when 0 ¢ 1.



When ¢ ¢ 1, the "M" pffect on the domestic producer causes him toc lcwer
his price. As the restriction gives the foreign producer an incentive to
lower his price in response to a lower domestic price, foreign price falls.
1f the goods are complements this raises domestic profits. Since the "M"
effects always raises profits, both "M" and "I" effects work in the same
direction, and domestic profits rise. If the goods are substitutes, the "1”
effect of lowering foreign prices and hence domestic profits, works against
the "M* e?fect and in fact outweighs it so domestic profits fall. The
effect aon foreign profits is again less clear,

We summarize the main results in this section as Thecrem 2.

Theorem 2

The effect of a value added content protection scheme, set at the free
trade level, depends on whether the elasticity of substitution, &, 15 more
or less than one, as well as whether the products are substitutes or
complements. If G > | foreign prices rise,and i the products are
substitutes, domestic profits rise, while if they are complements, domestic
profits fall., If ¢ < i, foreign prices fall, and if the products are
substitutes, domestic profits fall, but they rise if the products are
camplements. As before, average domestic prices, foreign profits, angd

domestic input use could rise or fall. n

rJ
rJ



SECTION S

Extensions and Eehavioral Implications

In this section we extend our model to allow for the presence of an
additicnal competitively supplied domestic input such as labor, Our purpose
ic twofold, First, to allow some insight into how the addition of another
factor affects our earlier results. Second, to analyze the possible conflicts
of interest that might arise between labor and producers, and how thece diféer
from the case where the foreign input is competitvely supplied. We consider
the effects of physical content protection.

The important factor to mode! is the possibility of substitution between
the competitively supplied input and the twoc others. This is done by assuming
that 2 and z* produce a composite intermediate input », so that x = 6{(z2, z*).
ciw, w*) is its price. x, and labor, L, together procduce the final good, Y
and Y = F(B{z, z*), L). FEoth % and the final good are produced according to a
LCES producticn function with elasticities of substitution of ¢ and }
respectively. ¢ denotes the price of labor, blg/c) and f{g/c) denote the
input requirements of L and x needed to make a unit of the final good when
input prices of L and x are gq and c. Define Tf(g, cilw, w*)) toc be the unit
tost of production, which eguals p, the price of the final good.
0f¢ course,

T(q, clw, w'} = cé(q/c) ¢ gblglc).

Thus:

ntw, w') = {w-r) alwif(gic) D(T(g,c)) and

ntwe, wh o= twt-rfrat s grapTig, 0

Labor is cospletely supplied with elasticity h. Hence,

~ A
L =)

where "*"'c denotes rates of change.



The derived demand for labor is given by:

biq/c) Dip). Hence,

L =
- ) £ A
= =T - -
L ﬁ(q c) eP.
A .3
where ﬂ% = - b/lf{g/c) .,

The effect on g, in eguilibrium, of changes in c and p are apparent from
equating demand and supply in the labor market.

Notice that due to competition in the market for the final good,

F o= eLq + (I-BL)C,

where & = bgs/p, the share of labor in the production of Y.

L
This lets us express the effect of changes in c on the equilibrium wage in the

labor market as

g = [(ﬂ§‘6(1'6L))/(k+ﬂ£+EeL)1 ] c '

4

which gives the equilibrium relationship between changes in g and ¢, Faor
the CES parameterization this can be further reduced t017:

n “ N A N 1-¢

q = [(cr— BN/ (0 G) + (xu:.)w}] c, where ¢ = €3) .

The effect of an increase in c on the eguilibrium price of labor
depends on the sign of t&=s). This is because increases in c both lower
the derived demand for labor by increasing the price of the final good, and
raise it, by encouraging substitution towards labor. The strength of the
two effects depends on e and ; recspectively. Notice that since c depends

* *
on w and w , and g depends on c as shaown above, profits depend on w and w

directly, and indirectly through q and c.

Physical content protection, as befaore, changes the unit inputs used in
- -
production of % to a and a when the constraint is binding. It is also

binding in the same region as previously. The key feature needed for the



results of Section 3 to go through in spirit is that ﬁ“ > m, at points
where the constraint just binds. As before, the only difference between
Bw and n, is that a change in w thanges a but not a. Now since neither the
responsiveness of m to g and ¢, nor the responsiveness of g to ¢ and c to w
is affected by this differential responsiveness of a and a to thanges in
w, this feature must carry over, and all the results in Section 3 go through
when interpreted in terms of inputs being substitutes or complements in
demand.

The only question remaining is what factors determine when the input
demands are complements and when they are substitutes. The effects of w* cn

£
n, n are decompcsed into direct effects via w , anc indirect effects via g

we'!

and ¢, tc give:

S <1 N < 1« <1 i < S
LA (LR 3G 2 ok

Some tedious calculations for the case where Gi{.) and F(.) are CES production
functions with elasticities of substitution of & and ¢ reveals that in this

case the first two terms sum up to:

max [{(0‘-9)+(0“-0‘)¢»}/(1+®) ]

A

where ¢ equals (%)1-6, and the third eguale:
L% ” A n A "
'—’f—*— [m-e)‘/(t,\—m + O ) ] [,’Hﬁv].

The sum of the first two terms incorporates the effects of substitution
possibilities between z and z‘ and L and x on derived demands. Ap increase in
w* now causes an additional effect - given by the presence of (¢ - &). Not
only does it raise n by causing substitution towards z from z*, but it lowers

n by causing substition away from x and hence z, The third ters captures the



effects of profits of an increase in w* due to the induced changes in the
equilibrium wage in the labor market. It is always positive. This is
because, as discussed earlier, an increase in € raises g only if }=s >0,
which is also the condition for nto rise with g. Thus, if } > gy an
increase in c raises g which raises profits, while if & { g, an increase in
t lowers g which raises profits! The inputs z and z* tan still be complements
or substitutes, but the induced effects via g tend to make products
complements, while the substitution possibilities between » and L could work
in either direction. Physical content protection usually tends to raise costs
both because it tends to raise w and u*, and because it causes an input
dictortion. MWe will assume that it does raise costs and discuss the effects
of content protection on the wage of labor and profits. The crucial
parameters are ¢, € and ;; There are six possible cases shawn in Figure 1.
in Cases 1, 2, 5 and & the effect on 7 of content protection is ambiguous as
the inputs z, z* tould be complements or substitutes in demand. However, both
labor and producers would be in favor of protection in Case 4; while a
conflict of interest is sure to arise in Case 3.

1f the foreign supplier were competitive, and supplied at a given w*,
only "M" effects would exist so that n would always rise as would w and
hence c¢. Therefore, labor would gain i+ }>B > @, and lose if }-a <0,
The pattern of winners and losers is therefore different in the two market
structures. A possible difference in the implications of the monopoly and
oligopoly models arises in case 2 if € is close to }. The oligopcly model
indicates that there will be no incentive to lobby for content protection in
markets where the elasticity of final demand is relatively high compared to
the elasticities of substitution, as it leads to cut throat coampetition and
lowers the profits of the domestic input supplier and the wage of labor. The

monopoly model indicates that input suppliers stand to gain from content
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protection.
Also notice that since T?; = eL' the effect of the first two

terms in the expression for n, equals:

#
~ *

[(G;e)(I-eL) + (F—U)BL)] {na /c)
while the effect of the third term equals

{(;= )2 f{1-g 3 / (A +})(x- IEEBS FAN- N

ei” g ti-g 1) b g +iMelg .

Therefore the sign of nw* is that of 0 - 0 if eL is close enough tc one, and
that of o-e if eL is ciose enough to zero. This is summarised in Table 1.

Value added tontent protection cannot be analyred here as simply as in
Section 4. Nor is there as much reason to expect an increase in c© since w,
W can fall. The full array of caseec for value added content protection

tould be worked ocut, but it does not seem to add much to our understanding

here, and we do not do so.

FIGURE 1
CASES EFFECTS UNDER OLIGOPOLY UNDER MONOFOLY
eLk 1 0celt eL% 0
1) e>6}g nt g4 n? g+ ne g+ nt g4
2) exH0 LK) n? q4 ns q+ nt q+
3) U>e>} nt g nt g4 nt g4 nt g4
v
4) oioieE nt q¢ nt qt nt qt nt q¢
gl }>6>e n+ gt n? q¢ nt qt nt q¢
6} }}a>6 ny q* n? gt n+ qt nt qt




CONCLUSION

Content protection can benefit a country by lowering input prices and
thereby output prices if the effect of lower input prices outweighs the
effect of distortions in input use. It might also benefit a country by
transfering foreign profits to domestic hands, even if 1input prices rise.

The most favorable case $or content protection would seem to be made if

input prices fell and profits rose, which is possible. However, even in

this case, since 0 is small, the increase in costs due to distortions in

input use is likely to be large and the price of the final product could

well rise, The likelihood of welfare improvements through such policies

does rnot seem very great. If domestic producers and labor are thought of as
lobbying for protection in the hope of higher profit levels, our analysis
makes it clear that they would not always wish to lobby for them, even if they
are not set at unduly restrictive levels,

The basic idea we have focused upon in this paper is that content
protection in an oligopolistic world changes the eavironment in which firas
compete, and so affects their strategy. We have used a simple smodel to obtain
come intuition about the nature and determinants of these changes. Our
results suggest that substitution possibilities between inputs and the
responsiveness of final demand to price determine in a fairly complicated
manner the effects of such protection. These implications differ signficantly
from those derived from models of other market structures.

We do have some ideas concerning future work along our lines. Firstly,
different oligopoly models are notoriously prone to give different results and
it would be interesting to see what such changes in the model yield.18 We
choose to model the game as a price game in this paper because the effect of

protection on input demand by firms producing the final product is clearcut in



such games.

Secondly, we only consider symmetric situations. We have no doubt that
pure strategy egquilibria can exist in non-symmetric situations, and that
practically any result desired can be ohtained by incorporating the
appropriate asymmetry., However, this is precisely why we only allowed
asymmetries that arise due to the fora of the protection itself. One
asymmetry which seems interesting is the one which results from changing the
level of the constraint from the free trade level. This tends to increase the
externt of the "C" effects and therefore affects the extent of "M" and "I
effects, We would like to understand such interactions better.

Finally, although we have analyzed the effects of content protection
policies, we would like to point out the principle behind our analysis is a

much broader one, with many other applicatione.



FOOTNOTES

1. However, it is conceivable that new equilibria could be created.

Z. The demands for intermediate goods can be like those for complementary final
goods, although the inputs are themselves substitutable in production. This
is because the demand for intermediate goods is a derived demand. While an
increase in cne input’'s prices causes substitution away from it, and hence an
increase in demand for the other input, it alsoc lowers the demand for the
other input as the cost of production of the final good rises. This increase
in cost raises the price of the final good and lowers its demand, which
reduces both input demands. Thus, the elasticities of demand for the final
goed &, and of substitution in production, ¢, are important in determining
whether intermediate good demands are complements or substitutes. They are
substitutes if & - & > 0 and complements if ¢ - & < 0, See Hicks {(1968) for a
proof.

Best respeonse functions could be upward or downward sloping. In the case
where ¢ and £ are constants, an examination of the second derivatives, L and
n¥ , shows that they have the same sign as (0-e){g-!) about the Nash
equilibrium. This therefore gives the sign of the slope of the best response
functions, as long as second order conditions hold. However, a case thought of
a8s possible "a priori” - namely L ¥ 0, and LI < 0, (6§ <1, and £ < &) 15
not possible in the CES/CED case. This can be seen by noticing that in this
tase the elasticity of z with respect to w is always less than 1. Hence, no
interior maximum to profits exists.

3. See Johnson (1943},

4, In his paper complementarity is defined by the marginal product rising with
the use of the cther input. This 15 always true if there are only two
inputs and constant returns to scale.

3. The point that interaction effects can change equilibrium in surprising ways
has been made by Krishna {(1984) in her analysis of voluntary export
restrictions and tariff-quota non equivalence under cligopoly. OQOur analysis

is based on her work.

4., We assume throughout that the penalty for non-compliance is so great that
compliance is ensured. Therefore, the actual penalty is irrelevant.

7. Notice that the preceding would be true even if the constraint was set in
terms of using at least a to produce a unit of output.

B. It is also easy to verify that ﬁ(w,w*) ¢ mlw,w*) 1% wiid#, hut that the
reverse is not necessarily so when wWiiM¥.

9. The proof consists of showing that n® is the minimum of two concave
tunctions and therefore concave. These functions are n# and a function which
is n*¥ for w below Ww and the tangent plane to n# at (W/w for w#é above

W

10. B and B# are downward sloping as long as D is not too convex. They are
positively sloped if D is convex enough as in the constant elasticity case.



We use the former case to illustrate the model. The results are not dependent
on this pictoral representation and we say more about this later on.

1. It would be incorrect to define B(w¥) to be B(w%) whenever m(B(u¥), w¥)
exceeds n(B{w#*) ,w*), but to be B{(wk) if the reverse is true, and to be

both B and B if the two profit levels_are equal. This is due to the _
possibility thaf n(Blw#),w#) exceeds niB (w¥),wx), but B(wk) exceeds tw¥,
In this event, Bl(w#)} = B(w¥}, For this to occur, both no T pust exceed
zero along W= e

2. See Dasqupta and Maskin (1982},

13. Notice that the restriction has changed the nature of interactions between
firms, Irrespective of whether best recsponse functions are upward or downward
sloping in the absence of the restriction, it becomes optimal for the foreign
firm to raise price in response to price increases.

4, Formally, a*{wya) will be defined by Fas*(w,u)dta,w)l, ari o) = 1,
and alw,o) = dit,ala*it,x} where d(WR) = = ITEYE If wiw

these are the cost minimizing input coefficients. I1f @< t) the constraint
is not binding, so the cost minimizing inputs will be _a(w) ard _a*(W.
However, we will define «cC(w,w¥,0) as being equal toc wal{ly,o) + wkasi{l) ).

15, Arother way of seeing how Ew(w,w*,m) and z (w,w¥) differ ic to ncotice
that the only difference between them lieg in fhe differing response of a(id
and afty o} to changes in w for a fixed w . _If G>1, an increase in w lowers
afty o) by less than it lowere afetd 5o that z is lecs elastic than z.

Also, as the constraint binds for high w's the input demand function is made
less elastic for input price igireases so that profit maximigation reguires
an increase in Ww. Similarly, 2z is alsop less elastic than 2 , but as the
constraint binds for low w 's, there is no incentive to change price on the
part of the foreign producer, If ¢ < 1, an increase in w makes aii,o!

fall by more than a(Ww) and z is more elastic than z, However, as the
tonstraint binds for low w, lowering price is profitable for the domestic
pgoducer. As the constrajnt binds on the foreign firm for high w , and as

z is more elastic than z , there is no reason for the foreign firm to
change its price.

16. This is not possible in the CES-CED example mentioned earlier, as 1:C0 g was
not consistent with a bounded profit function.

17. This uses the facts that o = mtn* and nb = n*o*, Also, for the
CES case ‘g* =uw?’ so that %* = wl_o . Letting C = wl_o and solving
for 6, 6%, n, n* 1in terms of o and C , using the previous equalities,
- gives n = o/(14C), n* = oC/(14C), 6 _= C/(1+C) and 8% = 1/(1+C).
Adapting these results when Y = F{(G(Z,Z*) L) gives the next equation
in the text as follows. Define IE‘ analogously to C as 3 = (q/c)l—o
where ¢ = c(w,w*), the unit cost of making the composite input, and gq

is the price of labor. If g is the elasticity of substitution between
y = O/(14), n_ =8+, o =
x/(1+$), and ex = 1/(1+$). These relations are used later on as well.

the composite input and labor, then n

1. See Sonnenschein {i1968), Singh and Vives (1984), and Eaton and Grossman {(!954)
tor some recent work on a point going back to Edgeworth and Eertrand, .
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