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Import Protection as Export Promotion
in Oligopolistic Markets with R & D

DERMOT LEAHY*
University College Dublin

I INTRODUCTION

C an import protection ever act as export promotion? One reason that this
is an important question is that it has often been argued that import
protection is an explanation of Japanese export success since the war..
Yamamura (1986) for instance regards it as an essential part of Japanese
policy during its “rapid growth phase”. He argues that:

As the firms expanded, the protected markets, which had served as hot
houses for the fledgling industries, became export platforms easing the
risks of aggressive expansion into export markets.

The idea that import protection is export promotion has been formalised by
Krugman (1984) in a number of partial equilibrium non-cooperative oligo-
polistic trade models. The purpose of what follows is to re-examine the issue
in a formal two-stage game framework in which firms choose R & D levels in
the first stage and outputs in the second. ‘

In this paper I look at international oligopolistic competition in segmented
markets. This is the same approach as that adopted by Brander (1981),
Brander and Krugman (1983), Dixit (1984) and Krugman (1984). To make the
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segmented markets assumption is to rule out arbitrage. Firms can in equi-
librium charge different prices in different markets. When this no-arbitrage
assumption is combined with the assumptions of a fixed number of firms and
constant marginal costs, markets are unlinked. This means that a tariff, tax
or subsidy imposed in one market does not affect any other market. There are
no market spillover effects. Import protection does not help exports nor does
it hinder them. The idea that markets are hermetically sealed in this way
seems implausible, though it does seem reasonable to suppose that prices or
quantities can be chosen at least somewhat independently for different
national markets. Recent work by Ben-Zvi and Helpman (1988) and Venables
(1990) has combined the segmented markets assumption with market linkage
by using a two-stage game framework. In these papers firms choose capacity
in the first stage of a two-stage game on a worldwide integrated basis. Then
they choose prices in segmented markets. A tariff will have market spillover
effects in models such as these (see Leahy (1991) for a further discussion).

Spencer and Brander (1983) also looked at firms playing a two-stage game.
In their model firms compete in a single market, first choosing R & D and
then quantity. They use this framework to examine optimal export and R & D
subsidies. :

The plan of the paper is as follows: After some preliminaries, Section II
explores a model in which firms choose process R & D in the first stage of a
two-stage game on a worldwide integrated basis and then follow this up by
choosing the quantity for each market. The key result of the section is that
import protection is export promotion. In Section III I consider a situation in
which both governments have imposed tariffs. Bilateral trade liberalisation is
then shown to lead to an increase in R & D expenditures and to an increase in
exports.

II ATWO-STAGE GAME IN R & D AND OUTPUT

In this section I consider an imperfectly competitive model in which there
are two firms. One of these is located in the home market, the other in a
foreign market. They each sell in the home and the foreign market. To keep
the analysis simple I will assume zero transport costs and linear inverse
demands throughout the paper. The goods produced by the home and foreign
firms are substitutes. Let

px, y) = a-b(x + €y) @1

qx,y)=a~blex+y), 0<e<l
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be the home market inverse demand functions for the home and foreign firms
respectively. The home firm sells at the price p and the foreign firm at the
price q. The domestic sales of the home firm are represented by x and the
home market (export) sales of the foreign firm by y.

The parameter € is a measure of product differentiation. When this par-
ameter has a value of unity the goods are perfect substitutes and for any
value less than unity but greater than zero the goods are imperfect substi-
tutes.

The foreign market inverse demands are similarly:

p*(x*, y¥) = a — b(x* + gy*),
2.2)
q*(x*,y*) = a — blex* + y*),

for the home and foreign firms respectively. The home firm’s export price is
p*, and the quantity it exports is x*. The foreign market (domestic) price of
the foreign output is q* and the quantity sold is y*.

In this section the firms play a two-stage game. In the first stage they
select process R & D expenditures at a global level. This then affects second-
stage marginal production costs. The more R & D that takes place in the first
stage the lower the second-stage marginal costs, which are assumed constant
with respect to output. In the second-stage subgame, R & D levels are given
and firms simply play Cournot in segmented markets.

Let N and N* be the levels of home and foreign R & D respectively. C(N) is

the home and C*(N*) the foreign marginal cost which are restricted as
follows:

C(N) > 0, Cp(N) <0, Cy(N) > 0,
. (2.3)
CH*(N*) > 0, Cr+(N*) < 0, Clun«(N*)> 0.

The need for the restriction on second derivatives will become clear later.
Analysis of policy intervention in this section will focus on a tariff t
imposed by the home government, though similar interesting market linkage
effects would be obtained by looking at some other policy instrument, for
instance an import quota. The home firm’s profit function can be written as:

T = xp(x, y) + x*p*(x*, y*) - (x + x*)C(N) - N (2.4)

I am assuming that the marginal cost of R & D is constant and set equal to
unity. The foreign firm has the following profit function:
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* = y{q(x, y) — t} + y*q*(x*, y*) - (y + y*) C*(N*)- N* (2.5)

Following standard practice, I first work out the Nash equilibrium of the
second stage and then obtain the Nash equilibrium of the first stage subject
to the second stage of the game being in equilibrium. The home and foreign

firms are faced with the following second-stage optimisation problems with R
& D levels fixed:

max
X, x* nx, y, x*, y*), 2.6
;‘}*;,}i n*(x, y, X*, y*).
This gives rise to four first-order conditions:
@). 7tx(x, y; N) = 0 = xp, + p — C(N), 2.7
G) M (6%, y* N) = 0=x*p}. + p* — C(N),
(iii) 1y (X, y, t; N¥) = 0= yqy, + g — (C*(N*) + t)
(iv) nh (x*, y*; N*) = 0 = y*qk + g* — C*(N*)

Since N is fixed, (i) and (iii), which are home market equations, can be
separated from (ii) and (iv) and solved independently.
Taking the home market sub-system and substituting from (2.1) yields the

_ implicit reaction functions:
ny=a-b2x +ey)-C(N)=0, (2.8)
ny = a — b(ex + 2y) — [C*(N*) + t]1 = 0,

for the home and foreign firm in the home market. It is easy to solve these
simultaneously for the Cournot-Nash equilibrium levels of x and y:

b(4 — €2)x = (2 — €)a — 2C(N) + £(C*N*) + t), (2.9)
b(4 — €2)y = (2 —¢)a + eC(N) — 2(C*(N*) + t).

From (2.9) the comparative static properties of this Nash equilibrium can be
derived:
xNy =-2Cnbd-£2)>0, yn =¢tCn/b4 -¢€2) <0, (2.10)
xn+ = €eCRwb(4 —€2) < 0, yn+ =-2C{vb(4 —€2) > 0,
x, =¢&bd—¢2)>0, y. =-2/b(4-¢2)<0.
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Similarly for the foreign market:

x% = ~2C/b(d £)>0, y¥ = eCyb(4 —€2) < 0, (2.11)
X = ECRWb(4 —£2) < 0, Vi = 2C{+/b(4 —€2) > 0,
Xt =yf=0.

The equations in (2.10) and (2.11) summarise the comparative statics of
the second stage. A tariff imposed after R & D levels have been chosen will
have no foreign market effects, that is to say markets are unlinked. However,
if the tariff is in place before the R & D expenditures are made, then it will
affect these levels and through this route the outputs of both firms in both
markets. To see how this happens it is necessary to consider the first-stage
equilibrium. In the first stage the home and foreign firms face the following
optimisation problems respectively:

M alx(N, N*, t), y(N, N*, ), x*(N, N*), y*(N, N*),N],  (2.12)
n&a;x 1‘[* [X(N, N*, t), y(N, N*, t), X*(N, N*)’ y*(N’ N*)) N*; t]’

yielding the following first order conditions:

(a) nNEg-%=1cny+ Ty yN —[x+x*)Cn+11=0 (2.13)
d L
() T = % = 7 X

+ s —[(y + y*) C + 11 = 0.

The envelope theorem having been invoked in order to eliminate terms in m,,
Tiys, T3, and n;.
The equations in (2.13) can be rearranged as follows:

(a) (x +x*)Cn+ 1 =1, yn + Tyx Y5 > 0, - (2.14)
(b) (Y +y)Chs + 1=mk xns + e x5+ > 0.

The terms on the LHS of (2.14) represent the effects of R & D on costs, at con-
stant outputs. If there was no rival firm these terms would be set equal to

zero, firms choosing R & D levels to minimise costs. The presence of a rival
means that firms spend more than the direct cost minimising amount on
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R & D, so as to exploit its “strategic effect”. This strategic effect of R & D is
the effect it has in reducing foreign sales in both markets and so shifting rent

‘to the home firm. This was pointed out by Spencer and Brander (1983). The

strategic effect is represented by the terms on the RHS of (2.14).

Using (2.10) and (2.11) the first order conditions can also be rewritten in
the form:

—4
NS 4 g2

x+x¥)Cny-1=0, (2.15)
* -4 *\(1*
TN = m(y"'y XCy+—1=0.
The second order condition for the home firm is:

Ty = gz (Gt + X0 + (x + XICxx] < 0. 2.16)

For stability it is necessary that the overall term in parentheses is positive.
The term (xy + x})Cy is negative and so must be dominated by the term
(x + x*)Cnn. It must therefore be the case that Cyy 1s strictly positive. Hence
the restriction on the second derivative of marginal cost given in (2.3) above.

The cross effect of foreign R & D on the marginal profitability of home R & D
is: '

-4
TINN* = 4—_§ (XNt + XI:;:)CN <0. (217)

So R & D expenditures are strategic substitutes: reaction functions are
negatively sloped in strategy space. See Bulow et al (1985).
The slope of the home reaction function in R & D space is:

dN*/dN = - TINN / TINN+ < 0,
that of the foreign firm is:

dN*/dN = - ﬂl:"N / Tq:JtNt < 0,
and the stability requirement is:

A= TINN n;mt — TTNN* ‘E;tN> 0. (218)

Stability in the model is ensured so long as the own effects of R & D on profits
dominate the cross effects.
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In order to examine the comparative statics of the first stage totally dif-
ferentiate the first stage first-order conditions to get:

NN dN + TINN* dN* + TNt dt = 0, (2.19)
n;'N dN + TC;tNt dN* + R;}.‘t dt = 0.

Then rearrange this to give:

my e | [N — (2.20)
RN T dt = [-me

| oo

dt

which yields solutions for the impact of the tariff on home and foreign R & D:

dN
AE = nl’.:l‘t TINN* — TNt th. > 0. (2.21)

The positive sign of the derivative— - is guaranteed because ny; is positive
and i+, is negative. Similarly the response of foreign R & D to the tariff is
given by:

dN* .
Aﬁ‘ = TNt 7“?3*1\1 — Ty INN < 0. (2.22)

Now differentiation of x(N, N*, t), x*(N, N*), y(N, N*, t) and y*(N, N*) yields
the following results:

. dx dN dN*
@) . It = XN gpt XN &t +x¢> 0, (2.23)

dx*  LdN , dN*

(ii) NG g >0

d, dN dN*

(iii) §%=YN'(E+Yn*q(+yt<0,
* *

() dy* _ «dN , dN

dt =Watt v g <
From (2.23 (ii)) it is possible to obtain the main result of this section.
Proposition 1: A tariff imposed before firms play a two-stage game, choosing

R & D globally in the first stage and sales for segmented markets in the
second stage, will be export promoting.
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IIT A FOREIGN TARIFF

In the previous section I demonstrated that import protection can help
exports through its effect on R & D expenditure levels. Suppose now that both
governments are using tariffs to protect their own firm, then a question
arises: How would an agreed reduction in tariffs affect exports?

In this section the foreign government imposes the tariff t*. The ‘home
profit function is now:

= x p(x, y) + x* {p*(x*, y*) — t*) — (x + x*)C(N) = N. - 3.1

The foreign profit function is still given in (2.5).

As before I begin by considering the second stage in which the firms choose
quantities, given R & D levels. The first-order conditions are:

@) 7, = a —b(2x + ey) — C(N) = 0, 3.2)
(ii) e = 8 —b(2x* + gy*) — [C(N) + t¥] = 0,

(i) 15 = a = b(ex + 2y) - [CXN®) + £] = 0,

) 1% = 8 — b(ex* + 2y%) — C*(N*) = 0.

As in Section II the system is separable into one sub-system for the home
market and one for the foreign market. The Equations (i) and (iii) represent
the home market reaction functions of the home and foreign firms respec-
tively. They yield the home market outputs which are represented in (2.9).
The foreign market sub-system (ii) and (iv) can be solved to give:

(6)) b(4 - e2)x* = (2 —g)a — 2(C(N) + t*) + eC*(N*), 3.3)
(ii) b(4 - e"’)y* (2 —g)a + e(C(N) + t*) — 2C*(N*).

The foreign market comparative static derivatives are now:

xy =-2Cn/b(4 -2 >0, y*n =&Cn/b(4-€2) <0, (3.4
xp¢ =eCiwb(4 -€?) < 0, y*ne = -2Cvb(4 —€2)> 0,
Xt =-2b4-£2)<0, v =e¢bl4-e2)>0.

Turning now to the first-stage, the first-order conditions for choice of R & D
are still represented by the equation in (2.15). The only dlﬁ'erence is now that
nn and 7+ both depend on t*.

I now wish to examine the impact of change in t and t*. In order to keep
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the analysis manageable I will impose the following Assumptions A.1 and
A2:

Identical cost functions: (A.1)
if N = N* ' C(N) = C*(N*)
CN) = Crs(N*)
CNN(N ) = C?\}ON‘(N*)
Identical tariffs: (A.2)
t=t*=1.

Taken together with the other assumptions of the model these imply a sym-
metrical equilibrium, i.e., x = y*, x* =y and N = N*.

The home and foreign second order conditions for optimal choice of R & D
are now equal.

TINN = ﬁﬁtNt | (35)

The cross effects of rival R & D on marginal profitability of own R & D must
also be the same for the home and foreign firm:

TINN* = ni{}.N (3.6)

The impact of an equal change in tariff levels on the marginal profitability of
R & D is captured by the following:

@ . fine= —4Cn (% + X E)/(4 —€2) 3.7
(i) o= — ACH (o + 5 )/ (4 — €2).

The use of (2.10) and (3.4) together with (A.1) and (A.2) yields:
Tone = Tiger = 4Cp/b(4 — €2)(2 + €) (3.8)

Now totally differentiate the first-order conditions for R & D choice and solve
for the impact of tariff changes on R & D:

dN_ dN* g

dt ~ dt _—nNN+nNN*

<0. (3.9)

Differentiation of x*(N, N*, 7) and y(N, N*, 1) yields:
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dx* dN dN* ox*
ar =W P g o @10

dy dN dN* dy

a:;: yN’d_T-f YN*? +at.
The use of (2.10), (3.4) and (3.9) in (3.10) gives:

dx*  dy T Cx 2

dt “dt ~ (nyn+ o) B2 +€) b4 —¢€2) <0. (3.11)

Proposition 2: Starting at a symmetrical equilibrium an equal increase in

both the home and foreign tariff (i) reduces R & D expenditures, (ii) reduces
exports.

IV CONCLUDING REMARKS

Krugman (1984) was the first work to analyse theoretically the “import
protection as export promotion thesis”. In this paper I extended that work
examining the thesis within the framework of a formal two-stage game. I
have shown that the thesis continues to hold for a unilateral tariff when firms
choose R & D expenditures before outputs. However, if both governments
impose tariffs and they agree to change these bilaterally, then import pro-
tection is not export promotion.

The main result of the paper (Proposition 1) concurs with the results in
Krugman (1984). However it is worth exploring what happens under different
assumptions about strategic variables and firms’ behaviour. For instance it is
at least as plausible to suppose that firms choose price and let demand deter-
mine sales as it is to suppose they choose quantity. Recently firms have been
modelled choosing their productive capacity in the first stage and following
this up by choosing price in the second stage. Papers by Kreps and Scheink-
man (1983), Ben Zvi and Helpman (1988) and Venables (1990) have all
adopted that framework. I have examined the implications of this elsewhere.
In Leahy (1991) I show that when firms play a two-stage game choosing R &
D in the first stage and price in the second that the “import protection export
promotion” result continues to hold, but that in a capacity-price game tariff
protection actually hurts exports.



IMPORT PROTECTION AS EXPORT PROMOTION 103

REFERENCES

BEN-ZVI, S., and E. HELPMAN, 1988. “Oligopoly in Segmented Markets, NBER
Working Paper No. 2665. .

BRANDER, J.A., 1981. “Intra-Industry Trade in Identical Commodities”, Journal of
International Economics, 11, pp. 1-14.

BRANDER, J.A,, and P.R. KRUGMAN, 1983. “A ‘Reciprocal Dumping’ Model of
International Trade”, Journal of International Economics, 15, pp. 313-321.

BULOW, J.I,, J.D. GEANAKOPOLOS, and P.D. KLEMPER, 1985. “Multimarket
Oligopoly: Strategic Substitutes and Complements”, Journal of Political Economy,
93, pp. 488-511.

DIXIT, A., 1984. “International Trade Policy for Oligopolistic Industries”, Economic
Journal (supplement), 94, pp. 1-16.

KREPS, D., and J. SCHEINKMAN, 1983. “Quantity Precommitment and Bertrand
Competition Yield Cournot Outcomes”, Bell Journal of Economics, 11, pp. 531-551.

KRUGMAN, P.R., 1984. “Import Protection as Export Promotion: International Com-
petition in the Presence of Oligopoly and Economies of Scale”, in Kierzkowski, H.
(ed.), Monopolistic Competition and International Trade, Oxford University Press,
pp. 180-193.

LEAHY, D., 1991. “Two Stage Game Models of Multimarket Oligopoly”, Unpublished
paper, UCD.

SPENCER, B.J., and J.A. BRANDER, 1983. “International R & D Rivalry and Indus-
trial Strategy”, Review of Economic Studies, pp. 7107-722.

VENABLES,, AJ., 1990. “International Capacity Choice and National Market
Games”, Journal of International Economics, 29, pp. 23-42.

YAMAMURA, K, 1986. “Caveat Emptor: The Industrial Policy of Japan”, in P.R.
Krugman (ed.), “Strategic Trade Policy and the New International Economics”, MIT
Press, pp. 167-209.





