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ABSTRACT

A two-period simultaneous signalling model is developed in which first period
outputs not only signal a firm’s costs to its competitor, but also signal its costs to
a home country government. It is shown that the existence of second period
home country strategic trade policy increases the incentives that both home and
foreign high-cost firms have to misrepresent themselves as low cost. As a result,
in the unique separating sequential equilibrium of this signalling game, second
period strategic trade policy induces low-cost firms to distort their first period
outputs more than otherwise. The major implication of this result is that the
existence of second period strategic trade policy can reduce welfare.
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1. Introduction

In an internationally oligopolistic industry, the use of export/output subsidies by a
home country government to shift profits away from foreign firms to home firms has become
known in the Literature as strategic trade policy [Brander and Spence (1985)]. It is well
known that the strategic trade policy argument is not a general argument for industry
assistance, but rather an argument for assistance under specific conditions. This has
led many authors to caution its use [Grossman (1986)]. In a recent paper Brainard and
Martimort (1992) continve this tradition of caution by demonstrating, in the presence of
incomplete information about firms’ costs, that the optimal trade policy may involve an
export /output tax rather than a subsidy. To obtain this result, Brainard and Martimort
solve a mechanism design problem and assume that firms know each others'costs although
the home government does not. This assumption seems quite restrictive especially when one
considers the substantial industrial organization literature which is based on the assumption
that firms do not know each others costs [Milgrom and Roberts (1982) and Mailath (1988,
1989)]. In this literature firms produce in each of two periods and signal their costs through
their first period choices. Rather than use the mechanism design approach (screening) of
Brainard and Martimort, this paper marries the signalling literature with the strategic trade
policy literature to ascertain the welfare effects of strategic trade policy in the presence of
unobservable costs.

In section 2 a discrete two—period simultaneous signalling model of duopoly is devel-
oped. One firm is located in the home country the other in the foreign country. The model
is similar to Mailath (1989) except output is the choice variable rather than price and firms
are either high cost or Jow costs rather than being drawn from a continuum of costs. Each
firm’s costs are private information though at the end of the first period each firm observes
the first period output of its competitor and uses this to update its prior probability as-

sessment of the costs of its competitor. Each firm then chooses second period output. In
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the first period a high~cost firm has an incentive to misrepresent itself as a low-cost firm,
through it first period choice, to induce its competitor to produce a low output in the second
period. It is shown that the unique separating sequential equilibrium of this game involves
(1) the low—cost firm signalling the fact that it is low cost by choosing a first period output
which is greater than the profit maximising output of a Jow—cost firm, (2) the high-cost firm
signalling the fact that it is high cost by choosing the first period profit maximising output
of a high—cost firm, and (3) both types of firms choosing the profit maximising output in
the second period given the updated probability assessments.

In section 3 strategic trade policy is discussed. To provide the strongest case for
strategic trade policy it is assumed that firms choose output, that there is no entry, that
there is only one home firm, that output is sold in a third market, and that only the home
government implements strategic trade policy. It is also assumed that strategic trade policy
is undertaken in period 2 after the government observes the first period output signals of
the home and foreign firms. Therefore, first period output not only siguals a firm’s costs to
its competitor, but also to the home country government. It is shown that a low-cost home
firm receives a bigger per—unit subsidy than a high-cost home firm and that the home firm
receives a smaller per—unit subsidy if the foreign firm is low cost.

The implications of second period home government strategic trade policy for first
period output choices are explored in section 4. It is shown that tlie existence of second
period strategic trade policy increases the incentives that both home and foreign ligh-cost
firms have to misrepresent themselves as low cost. As a result, in the unique separating
sequential equilibrium of the signalling game, second period strategic trade policy induces
low—cost home and foreign firms to distort their first period outputs more than otherwise.

The sequence of finn and government actions v;'hich is assumed has the firms moving
first through their choice of first period outputs, the governments moving second through
their choice of second period subsidies, and finally, given these subsidies. the firms moving

again through their choice of second period outputs. Modelling firms as the first movers
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is not new to the trade policy literature. Carmichael (1987) and Gruenspecht (1988) do
precisely this, though under conditions of sym uetric information, and justify the sequence
of moves on the observed and stated practices of the U.S. Export-Import Bank.

The welfare implications of second period home government strategic trade policy are
discussed in section 5. There are three effects to consider. The first is the usual profit
shifting effect in period 2 which increases welfare. The second is the output distortion
effect in period 1 which decreases welfare and the third is the profit shifting effect in period
1 which can increase or decrease welfare. Due to the complexity of the model numerical
methods are used to show that there are pa.ra.u.le.ter values which result in the existence of
period 2 strategic trade policy decreasing welfare. Some concluding remarks are made in

section 6.
2. Simultaneous Signalling in Duopoly

It is assumed that two firms, one located in the home country the other in the foreign
country, sell homogeneous output in a third country or market.! Foreign variables are
denoted by an asterisk. The inverse demand function in the third country is assumed to be
linear and given by p = a — b- (¢ + ¢°), where p is the per-unit price when ¢ units of home
output and ¢* units of foreign output are sold and e and b are strictly positive.

The firms simultaneously choose output in each of two periods, 1 and 2. In the first ‘
period each firm’s costs are private information and unknown to the other firm, however, it
is known that the other firm has constant marginal costs which can be either high or low. It
is assumed that the foreign firm attaches probabilities p and (1 — p) to the home firm having
marginal costs cL and c¥, respectively, where ¢ < ¢/. The home firm attaches probabilities
p* and (1 = p*) to the foreign firm having marginal costs ¢&* and cH*, respectively, where
cl* < eH*. At the end of the first period, each firm observes the first period output of its

competitor and uses this to update its prior on the costs of its competitor. Let p(q,) and

1 This is the traditional set up in the strategic trade policy literature [Brander and Spencer (1985)).
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p°(g;) be these updated priors, where ¢, and ¢; are the first period outputs of the home and
foreigp firms respectively. Each firm then chooses second period output. A high-cost firm
has an incentive to misrepresent itself as a low—cost firm to induce its competitor to produce
a low output in the second period. In equilibrium each firm understands this incentive and
allows for it when inferring first period costs from first period outputs.

This two-period game is an example of a simultaneous signalling game [Mailath (1988,
1989)]. The equilibrium concept used is sequential equilibrium [Kreps and Wilson (1982)]
which in this setting is a list of period 1 and 2 outputs for each tvpe of each firm,
(gi(c), g4(c* 1. 97)) and (@ (). ¢ (¢ qr.q7)), i = H,L; j = H,L and a system of
beliefs, (p, p(¢1)) and (p*.p"(q;)), that are consistent with each other and satisfy sequen-
tial rationality at every information set. That is, (g}(-).g3(-)) and (q{'(-),q{'t)) form a
Bayesian-Nash equilibrium and firms choose output optimally in the second period given
plq1) and p(g}).2

This paper is solely concerned with the separating sequential equilibria of the simulta-
neous signalling game and can be justified, as in Mailath (1989), on the grounds that these
equilibria maximise the amount of information transmitted and are the equilibria most of-
ten studied.3 In a separating sequential equilibrium private information about costs is fully
revealed by first period outputs. Therefore, in the second period firms essentially play a
game of complete information. This simplifies the solution of the game which begins by

solving for the period 2 strategies first.
2.1. Period 2

In a separating sequential equilibrium the seconid period game is a game of complete

information. Each firm knows the other firm’s costs. The equilibrium concept used is Nash

2 s Bayesian-Nash equilibrium (¢](). ¢5()} is & best response to (¢} ( ).¢37(-)) and vice versa

3 In one-sided signalling ganes pooling equilibria can often be refined away using equilibrium domination
when forming out-of-equilibrinm beliefs [Cho and Kreps 1987, Wright 1993]
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equilibrium in outputs. The home firm’s problem is
ma.x{IﬂE(a-—b-(q§+q§")-—c‘)-q§}, i=H,L, j=H,L. 1)
%
The first order condition of this problem can be solved for q;(qg',c‘). This is commonly
referred to as the home firm’s reaction function; however, following Dixit (1986) it will be
referred to as the home firm’s equilibrium locus. The foreign firm faces a similar problem
and its equilibrium locus is given by ¢}° (g, ¢*). The second order conditions for a maximum
and the stability conditions are satisfied.
The two equilibrium loci are solved simultaneously for the Nash equilibrium in outputs.

Assuming an interior solution, these outputs are given by

. a-2 4"

“l=________ 2

i= (@)
and » .

; a- 20"+

e, Q=200+ 3

where the - signifies the Nash equilibrium solution. Substitution of the Nash equilibrium
solutions into the objective function of each firm yields maximised profit denoted by

(e - 2¢ +c)?

(', ) = %

(4)

and T15(c',¢’*). These represent the maximised profit of the home and foreign firm when
the marginal cost of each firm is given by ¢' and ¢’* respectively.
For later reference it is convenient to deﬁn; Ma(cflck,c7), i # k = H,L as the
maximised value of home firm profit where, the foreign firm’s costs are ¢* and the home
k

firm’s costs are ¢', but the home firm signals via first period output that its costs are .

. X ~1.5¢ j-_.5k2
fiy(clet o) = L LICA 2 5C) )

is obtained by substituting §}", evaluated at (c*, "), and qg(éj',c‘) into the objective
function of the home firm. TI3(c',¢7*|c¥"), j* # k* = H, L is defined in a similar fashion for

the foreign firm.



2.2. Period 1

In period 1 the costs of each firm are private information and unknown to the other
firm. In a separating sequential equilibrium each firm signals each of its possible costs with
a different first period output. For the home firm, the low-cost signal g} must be associated
with the foreign firm's posterior (up dated) belief p(gf') = 1; the high~cost signal ¢/ must
be associated with the foreign firm’s posterior belief p(q,” ) = 0; and it suffices for any other
signal ¢! to be associated with posterior belief p(g{) = 0, i # H, L. Similar posterior beliefs
are attached to the signals of the foreign firm.

Let the home firm’s first period expectation of second period profits, if the home firm
is high cost, be given by ETIH = p~ - Tl5(cH,cl") + (1 - p7) - Tz(c¥, ¢¥'*) and let the home
firm’s first period expectation of second period profits, if the home firm is high cost, but
has signalled that it is low cost, be given by Efl;”l‘ = p* - Ma(cH|ck, ey + (1 - p7) -
fly(cHicL, cH*). Define ENiY+, ENE-I Efiy, ENLM EfiLe, and ENS™¥* similasly.

Separating sequential equilibria must satisfy the following self-selection (incentive com-

patibilty) constraints

n# (g Eqg)+ ENY > ¥ (¢t Eq)+ ERYH, (6)
N (gH= Eq) + ENY~ > Ii~(¢}*, Eq) + ENY ", (7)
ni(gk. E¢)) + ENL > Mgl Eqp) + ENSY, (8)
and

N~ (gh". Eqi) + ENy" > N~ (gl*. Eqy) + ETISW", : (9)

where I} (¢!, E¢;) is the profit of the home firm in period 1 if its costs are oM, its output is
g}, and the expected output of the foreign firm is Eq] = pmgkr+(1 - p)gfit: n¥(qk, Egq;)
is the profit of the home firm in period 1 if its costs’are ¢, its output is gF. and Egq; is

defined as above: and H{"(-), H{‘(-). and 1'1{"(~) are defined similarlyv.

-
{

Self-selection constraint (6) states that the high—cost home firm would prefer to produce
¢¥ in period 1 and be perceived as high cost in period 2 rather than be perceived as low cost
in period 2 and be forced to produce gt in period 1. Constraint (7) is a similar conditioﬁ
for the foreign firm. Self selection constraint (8) states that the low—cost home firm would
prefer to produce g in period 1 and be perceived as Jow cost in period 2 rather than be
perceived as high cost in period 2 and be forced to produce ¢F in period 1. Constraint
(9) is a similar condition for the foreign firm. In a separating sequential equilibrium, given
that p(qy) = 0V g # gF, the high~cost home firm chooses ¢¥ to maximise ¥ (¢ff, Eq}).
Let the solution to this problem be given by §¥ (Eg;). An identical argument applies to the
high-cost foreign firm. Let the solution to its maximisation problem be given by §7*(Eq).

To obtain the period 1 separating sequential equilibrium output of the low—cost home
firm constraint (6) is used. Similar arguments are then used to obtain the output of the
low—cost foreign firm from constraint (7). Finally it is shown that when constraints (6) and
(7) bind, constraints (8) and (9) do not. The discrete nature of this problem means that
constraints (6) and (7) may not bind.* In the Appendix conditions are derived under which
both (6) and (7) bind. For the pursoses of this paper these conditions are assumed to be
satisfied.

Consider Figure 1 where ¥ (-) and TIL(-) are drawn. Given the assumptions of linear
demand and constant marginal costs, both of these function are strictly concave and have
maximums at ¢/ and ¢f, respectively, where ¢ < k. The (-) have been dropped for
potational convenience. For a given gy, 17 (-) < TE(.). For outputs associated with positive
profits, I1¥ has an axis of symmetry at ¢/ and NI has an axis of symmetry at k. In period
1 Efl;’ and Eﬁ;’“’ are constants. 1-:1’1;’ < EI'I;”L because second period equilibrium loci
slope downwards and the foreign firm produces less output if it believes the home firm is

low cost rather than high cost. TI¥ (g, Eq}) + ENY and N¥ (¢, Eq}) + Efl;m’ are also

4 In Mailath (1988, 1989) and Riley (1987) in which there are a contivum of types, envelope theorem
arguments establish that the sclf-aclection constraints bind. These arguments can not be used in the
discrete framework of this paper.



shown in Figure 1.

A multiplicitly of separating sequential equilibria exist for the home firm as there are
many outputs g- that satisfy (6). In Figure 1 these are represented by any g} such that
gt > g orgl < ¢!, However, only one separating sequential equilibrium survives once
dominated strategies are eliminated when forming out—of—equilibrium beliefs. Once again
refer to Figure 1 and in particular output gF'. This output forms part of a separating
sequential equilibrium only because the foreign firm’s posterior belief after observing an
out—of-equilibrium output like gl? is that p(gf?) = 0. Nevertheless, the output ¢i? is
dominated for the high—cost firm by output gl . Therefore, if the foreign firm believes that
the home firm would not choose a dominated output, the only posterior belief possible
on observing output gf? is that A(gk?) = 1. This overturns the equilibrium involving gf!
because the posterior belief on whichitis based is found to be implausible. In particular, the
Jow—cost firm would deviate from the equilibrium involving q{“‘ in favour of an equilibrium
involving gL? because ¢f? yields more profit (g}? is closer to the complete information
profit maximising solution than gl?.) A similar argument can be applied to any ¢f > ¢F
and any qf‘ < ¢iP, therefore, the only separating solution that survives once dominated
strategies are eliminated when forming out-of-equilibrium beliefs involves the high—cost
home firm signalling its costs with ¢M(Eg;) and the low—cost home firm signalling its costs
with ¢F(Eq;)®

Using identical analysis on constraint (7) yields a unique solution in which the high-
cost foreign firm signals its costs with ¢}7*(Eq,) and the low—cost foreign firm siguals its

costs with d{"'(Eq, ).8 To date only constraints (6} and (7) have been considered.

Lemma 1: If constraints (6) and (7) bind, then constraints (8) and (9) do not.

5 ¢k yields more profit to the low—cost firm than ¢ because il < éF and ni(yand D) have axes

of symmetry at (],” and é{‘ respectively.
6 These unique sepurating sequential equilibrium for the home and foreign firms have similarities with
q P LS q 13
the one sided unique separating sequential equilibrium ohtained by Cho and Kreps {19R7) for the
Spence (1973) signalling model

9

Proof: First consider constraints (6) and (8). Given the functional forms of the demand and
cost functions, in the Appendix it is shown that Eﬁ:’"’ - Efl;’ < Eﬁ%‘ - Eﬁg’l”. It is also
sn¥ _ ant . - -
shown that 5Hr < Tt where g = of. Now Ib(gf, ) -~ Tih(at, ) < (4l ) - (4t )
- - - - H L

becaunse §& — gL < G& - ¢’ and %%I}; < 3—:{-, where gff = gl. If constraint (6) binds,
then MH(H ) = MH(gh,) = ERYY - ERY. As ENYW 2 EY < Ef - EAZY and
nE(gH, ) < TE(GE, -) it must be the case that (gl ,-) - ME(gk, ) < Ef} - EAF. This
latter inequality can be rearranged to yield

kg, )+ Bftf > 1l ) + BB (10)
which is constraint (8). A similar argument can be applied to constraints (7) and (9).

(Q.E.D)

Lemma 1 establishes that if constraints (6) and (7) bind, then constraints (8) and (9) do
not and can be ignored when solving for the separating sequential equilibrium. For the
remainder of this paper it is assumed that (6) and (7) bind.

To be part of a separating sequential equilibrium (¢f(Eg). '), (§L(Egq}), dF),
(§H*(Eq1),¢H") and (§L*(Eq),§5") must form a Bayesian-Nash equilibrium. The above

discussion is summarised in the following proposition.

Proposition 1: The unigue separating sequential equilibrium of the simultaneous move
signalling game involves the high-cost home and foreign firms signalling their costs in period
1 with ¢V (Eq}) and GH*(Eq), respectively, while the low-cost home and foreign firms signal
their costs in period 1 with §-(Eq;) and §F*(Eq)), respectively, where GH(Eq) > ¢L(Eg}),
i (Eq) > - (Eqr), Eq; = (1- p°)-¢=()+p7-d(-), and Eqr = (1= p)-f' () +p-()-
In period 2 outputs are chosen optimally. given the period 1 signals, and in equilibrium are

denoted by ¢ .Gk, 4", and ¢i.

The intuition behind the period 1 outputs of Proposition 1is clear. The high-cost home

and foreign firms are able to obtain complete information profits, given the equilibrium
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expected outputs of their competitor, because ¢y aud ¢’* would only be chosen by high-
cost firms. On the other hand, the low-cost home and foreign firms must distort their
outputs away from the complete information profit maximising outputs to convince their
competitor that it is indeed low cost. The minimum distortion necessary to achieve this
involves outputs (}IL and ¢f~. The information asymmetry imposes a cost on the low—cost

home and foreign firms.
3. Strategic Trade Policy

1t is assumed that the home country government can use an output/export subsidy in
the second period to shift profits from the foreign firm to the home firm. The effects of this
subsidy are now analysed. ‘

In a separating sequential equilibrium the second period game is a game of complete
information. This game differs from the game of section 2.1 because the home country
government places a subsidy on home output before the output game is played. The home

firm’s problem is
max {y = (a-b-(gh+q7)—¢c +8)-a}, i=H L j=H,L, (11)
L

where ¢ is the per—unit output subsidy. The foreign firm faces a similar problem except its
government does not place a subsidy on foreign output.
As in section 2.1, the first order conditions of the home and foreign firms’ problems can

be solved for the equilibrium loci. g3(¢3". ¢!, s) and ¢3"(g}. ¢’"), and for the Nash equilibrium

outputs,
a~—2c¢"+ ¢ +2s
P 2
'3 3 (12)
and
. a-2"+c' -5
¢ = — (13)

3b
Substitution of the Nash equilibriumn outputs into each firm’s objective function gives

M,(c', e, s) and Hj(c'. c2", 5).
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The home country government maximises home firm profit minus the subsidy, W, by

choice of the per—unit subsidy. Its problem is
max {W] = Tj{c', ¢, 8) — s - gh(c', &7, 5)). (14)

Solving the first order condition of this problem yields the optimal subsidy

i= n-_hrti (15)

This optimal subsidy shifts the equilibrium locus of the home firm in such a way that the
new Nash equilibrium outputs of the home and foreign firms coincide with what would, in
the absence of a subsidy, be the Stackelberg leader—follower equilibrium outputs with the
home firm as leader [Brander and Spencer (1985)]. Note that the optimal subsidy, 3, is
decreasing in ¢* and increasing in ¢,

Substituting 3 into II5(-) yields maximised home firm profit, given the optimal subsidy.
Let this maximised profit be denoted by

(a -2+ )

(¢, ") = m (16)
Let foreign firm maximised profit, given the optimal subsidy, be denoted by
o i qee)2
fiz(c, &%) = (e+2¢' - 3c7)F (17)

16b
For later reference it is convenient to define fiy(cflc*,¢’*), i # & = H,L as the

maximised value of home firm profit, where the foreign firm’s costs are ¢/* and the home

firm's costs are ¢', but the home firm signals via first period output that its costs are ck.

=(a—c"+c"‘—c")2

P R
My (e'lek, &) :

(18)

is obtained by substituting g” (c*, ", 3(ck,¢’")) and gb(g2*(-), ¢, 3(-)) into the objective
function of the home firm. For the foreign firm,

_ (0+ 2ci ) ¥ LI ck-)z

fi5(c', *1c*") T6h

(19)

is defined in a similar fashion.
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4. Simultaneous Signalling and Strategic Trade Policy

In the previous section it was shown that the existence of home country strategic
trade policy in period 2 changed period 2 home firm profits from II;(-) to 115(-), where
ﬁz(') < T13('). The subsidy not only had the direct effect of increasing home firm profit
because the home firm received a subsidy of s for every unit produced, but also had the
indirect effect of increasing home firm profit because the subsidy induced the foreign firm to
produce less output. For the foreign firm the subsidy changed profits from fl;(~) to 15(-),
where I'I;(‘) > M3().

In the Appendix it is shown that
ERPWY _ En¥ > Enfb - R (20)

The low—cost home firm receives a greater subsidy than the high—cost home firm so the
expected benefits of a high—cost home firm misrepresenting itself as a low—cost firm in
period 1 are greater with the subsidy than without. The effect of this in the first period can
be ascertained by referring to Figure 1. Although not drawn, I¥ + ETI¥ and ¥ + Eﬂ;”l’
ave vertically above II¥ 4+ Efi¥ and I¥ + E I'I;”L respectively. Furthermore, the vertical
distance between I 4 ETIH and ¥ + ENYW is greater than the vertical distance between
n¥ 4+ ENY and 0 + Eﬂ;”l’. As a result, in period 1, for a given Egj, the low—cost home
firm signals the fact that it is low cost with an output greater that ¢-. Let this output be
denoted ¢f, where ¢&' > ¢F. This inequality Jeads to home firm expected first period output

being greater with the second period subsidy than without, that is,
A=p) @ @ > (1) a4 (21)
The foreign finn does not receive a second period subsidy, but can affect the size of
the home firm’s subsidy through its cost signal. The home firm receives a smaller subsidy

if the foreign firm is low cost rather than ligh cost, therefore, the expected benefits of a

13

high—cost foreign firm misrepresenting itself as a low—cost firm in period 1 are greater with
the subsidy than without. As for the home firm, this means that the foreign firm signals
the fact that it is low cost with an output greater than §&=. Let this output be denoted ar,
where g/~ > §i*. For a given Eq,, foreign firm period 1 expected output is greater with the
second period subsidy than without.

In a separating sequential equilibrium home and foreign firm first period outputs
depend on two eflects. The first is the signalling effect which causes gf and ¢f~ to be
greater with the subsidy than without. The second is the strategic eflect. An increase in
the expected output of one firm, ceteris paribus, decreases the equilibrium outputs of both
its Jow cost and high-cost competitor because equilibrium loci slope down. Together these
effects suggest that the separating sequential equilibrium outputs of the high-cost home
and foreign firms are lower with the subsidy than without. However, this is not necessarily
50.

The degree to which the low—cost home and foreign firms must distort their outputs
from their profit maximising levels differs for each firm. Each firm faces different incentives
to misrepresent their costs because (1) ¢' and ¢/* enter 3 with different coefficients (in
absolute value) and (2) the high-cost home firm receives a direct benefit from a greater
subsidy which the high—cost foreign firm does not. This latter effect strongly suggests that
the low—cost home firm must distort its output much further than the low—cost foreign firm
to satisfy the self-selection constraint and signal its true cost, although, in general, no such
claim can be made. If the low-cost home firm distorts its period 1 output more than the
foreign firm to signal its true costs, then the high—cost foreign firm may reduce its output to
such an extent that the foreign firm’s equilibrium expected output is lower with the subsidy
than without.

Let the first period separating sequential equilibrium outputs of the high-cost and low-
cost foreign firms be given by ¢/’ and ¢}* respectively. If the equilibrium expected output

of the foreign firm is lower with the subsidy than without, the equilibrium outputs of both
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the high and low-cost home firms are greater with the subsidy than without. Let the first
period separating sequential equilibrium outputs of the high and low-cost home firms be
given by ¢/ and ¢l respectively. The preceding discussion is summarised in the following

proposition.

Proposition 2: The unigque separating sequential equilibrium of the simultaneous move
signalling game, in the presence of a second period output subsidy for the home firm, involves
the high-cost home and foreign firms signalling their costs in period 1 with ¢! and ¢F',
respectively, while the low-cost home and foreign firms signal their costs in period I with
gL and gL, respectively. If the equilibrium ezpected output of the foreign firm is lower with
the second period subsidy than without, then ¢ff > ¢H ¢l > ¢L > gF, ¢F'* < ¢/, and

gl < gl > ¢k .

The second period subsidy to the home firm commits the low-cost home firm to a
greater output in period 1 as a greater output is required to signal its true costs. The
foreign firm notes this commitment and may produce less expected output in period 1 even
though a low—cost foreign firm also requires a greater output in period 1 to signal its true
costs. With the foreign firm producing less expected output in period 1, in a separating
sequential equilibrium, the home firm produces more output in period 1 with the subsidy

than without, regardless of its costs.
5. Welfare

In this section the welfare implications of strategic trade policy are considered. It is
assumed that welfare, W, is given by the expected value of the sum of first and second
period home firm expected profits net of any subsidy. Let EII', i = H, L denote the sum

of first and second period home firm expected profits net of any subsidy, then

W= (1-p) EN¥ 4+ p-ENL (22)

15

A second period subsidy, &, has three eflects on home country welfare. Firstly, there
is the profit shifting effect in period 2. This was discussed in section 3 above and increases
expected welfare. Secoudly, there is the output distortion effect in period 1. For the low-
cost firm a second period subsidy increases the amount by which period 1 output must be
distorted away from its complete information profit maximising level. This was discussed
in section 4 above and decreases expected welfare. Thirdly, there is the profit shifting effect
in period 1. The second period subsidy commits the low—cost home firm to produce greater
output in period 1 and may induce the foreign to produce less expected output in period 1.
This was discussed in section 4 above and increases expected welfare. Due to the complexity
of the model numerical methods are used to ascertain the net effect of these three influences
on welfare.

The base case has a =30, b=1, p= p° = .5,cf = ¢#* = 10, and ¢l = ¢l = 5. Table
1 shows the separating sequential equilibrium first period outputs for the home and foreign
firms, gL, gff, gk*, and ¢}'"; first period expected profits for the high and low—cost home
firm, I1¥7 and I1{; the sum of period 1 and period 2 expected profits net of any subsidy for
the high and low-cost home firm, ENH and ENL; and welfare, W; with and without the

second period subsidy .

Table 1

'

no subsidy | 9.36 [ 6.13 | 9.36 | 6.13 | 37.56 | 73.93 | 72.28 | 158.65 | 115.47

H

of |of o~ | Y | Iy |EOY) EDE | W

subsidy | 13.81 | 6.74 | 8.17 | 4.86 | 45.47 | 64.53 | 84.53 | 159.85 } 122.19

Consider the period 1 output of the low—cost home firm. The second period subsidy
increases this output substantially and is the sum of two effects. Firstly, the subsidy
increases q{‘ because a larger output distortion is required to signal low cost. Second,
gL increases because the period 1 expected output of the forcign firm decreases. This latter

effect explains the increase in ¢f. As a result of the second period subsidy, both ¢* and ¢;"*
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decrease in this separating sequential equilibrium because the strategic effect of the increase
in the expected output of the home firm dominates the low;cost foreign firm’s signalling
effect. These effects were discussed in section 4.

The expected period 1 profit of the high—cost home firm, II¥ | increases as a result of
the second period subsidy due to the decrease in foreign firm period 1 expected output.
This is the profit shifting effect in period 1 of the period 2 subsidy. This profit shifting
eflect tends to increase TIL as well; however, the output distortion effect swamps the profit
shifting effect, so the expected period 1 profit of the low-cost home firm decreases as a
result of the second period subsidy.

The second period output subsidy also shifts profit to the home firm in period 2. For the
Jow—cost home firm this effect is so large that the sum of period 1 and period 2 expected
profits net of any subsidy, ETIL, is greater with the subsidy than without even though
expected first period profit is lower with the subsidy than without. For the high~cost home
firm the sum of period 1 and period 2 expected profits net of any subsidy, ENI¥, is greater
with the subsidy than without because the period 1 and period 2 profit shifting effects
reinforce each other.

Finally, welfare is greater with the subsidy thas without because both ETI¥ and Enk
are greater with the subsidy than without. In this case, the existence of period 2 strategic
trade policy umambiguosly increases home welfare.

Next consider table 2 for which p = p* = .2 and the other parameters take the same

values as those in the base case.

Table 2

p=p=2| of | o |ob |- | N¥ | mt |ENY | ENt | W

no subsidy | 9.80 | 6.44 { 9.80 | 6.44 { 41.51 | 79.25 | 82.07 | 173.14 { 100.28

subsidy | 14.01 | 6.68 [ 9.51 | 5.93 | 44.60 | 60.90 | 90.22 | 166.52 | 105.48

Period 1 variables display a similar pattern to those of table 1. However, note that I}
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is now significantly lower with the subsidy than without. The output distortion effect is
much more dominant than the period 1 profit shifting effect. The period 1 proﬁt shifting
effect is now smaller because the period 1 outputs of the foreign firm are not reduced very
much as little probability is attached to the signalling output of the low—cost home firm.

For the low—cost home firm adding the period 2 profit shifting effect is not sufficient to
make ETIL greater with the subsidy than without. So although welfare in expected value
terms is greater with the subsidy than without, if the firm in the home country is low cost,
then the existence of period 2 strategic trade policy can actually make the home country

worse off.

Next consider table 3 for which el = 15, ¢f = 13, and the other parameters take the

same values as those in the base case.

Table 3

Ho1scb=13] g | of | o || Y nt |En# | Ent | W

no subsidy | 3.64 | 2.31 | 12.26 | 8.51 5.32 | 10.83 | 12.27 | 26.21 | 19.24

subsidy | 5.28 | 2.36 | 12.46 | 8.09 5.58 | 7.65113.40}24.96|19.18

These variables display a similar pattern to those of tables 1 and 2 except here the
existence of period 2 strategic trade policy unambiguously decreases home welfare. The
welfare decreasing effect of the Jow—cost firm’s first .period output distortion more than
offsets the welfare increasing effects of first and second period profit shifting.” The reduction
in the first period expected profit of the low-cost home firm that results from signalling is
greater the closer are cH and ¢l because greater output distortions are required to signal the
firm's true costs. However, for a second period subsidy to reduce welfare, it appears that it
is also necessary to have cH 3 L and * > ¢b*. The intuition for this latter coudition is

not clear, though it is necessary to generate a welfare decrease in the numerical analysis.®

T Unlike tables 1 and 2, in table 3 ¢7'° is greater with the subsidy than without. The low—cost foreign
firm’s signalling effect is sufficient to dominate the strategic eflect, though expected foreign output is
lower with the sulisidy than without.

8 Sctting M = 10 and ¢ = 9 does not generate a welfare decrease.
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The practical significance of the cost structure in table 3 should be considered. This
structure would arise if the foreign firm had access to a newer (lower cost) technology, but
one that was more affected by stochastic shocks, than the technology used by the home
firm. It is not claimed that the parameter values in table 3 are any more representative
of real world cost conditions than tables 1 or 2, but merely that such cost conditions may
exist. Given this possibility and the numerous other parameterizations of the model which
make strategic trade policy welfare decreasing, the results of this section reinforce what
other researchers have found, namely, that strategic trade policy is not a general argument
for industry assistance, but rather an argument for assistance under a very specific set of

conditions.
8. Conclusion

This paper has shown that second period strategic trade policy increases the incentives
that both high-cost home and foreign firms have to misrepresent themselves as low cost.
As a result, low—cost home and foreign firms must distort their first period outputs even
further than otherwise from their profit maximising levels to signal that they are in fact low
cost. The effect of this additional output distortion can be such that if the firm in the home
country is low cost, then the existence of second period strategic trade policy can actually
make the home country worse off. In fact, there are parameter values for which the output
distortion of the low—cost home firm is such that the existence of second period strategic
trade policy reduces expected welfare.? These results add to the substantial literature that
cautions the general use of strategic trade policy, for even under those conditions which are

most favourable to its use the existence of strategic trade policy can reduce welfare.

9 In thix care, if the home country government could commit to a policy of non-intervention prior to
fitms choosing first period ontputs {Hwang and Schulman (1993)], such » policy would he optimal.
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APPENDIX
1. Constraint (6) binds if
nf(gf) + Eff < mfh) + £
which on rearranging becomes
nf (g - nf a) < B - BN
Given the assumptions of this paper, this condition can be rewritten as

(b~ cHy? < (cH = cL) . (da = TcH + 4t — L — 4p=ct" 4 4p°cl)

4b 36b

which on rearranging becomes
4t -2k < a+(1—p‘)-c”‘+p‘-cl".

A similar condition can be derived for constraint (7).

2. EAY _ EnY < Nk - EAGH

Proof:

(¢# —cb)-(4a~- TcH 4 4cHs = b — 4p=ct* 4 4p7cL*)
36b

enl\b - Eff =
and

H _ L) (d4a - e 4 d4ct= — 7cb — qp*cH 4 4p~cl™)

Efik - EfWW = € o .

Now

(A1)

(A.2)

(A3)

(A4)

(A.5)

(A6)

(40— 7cH +acHs —cL - 4p7 P+ 4p"cl) < (da - cH+acH —7ck —4p° P +4p7cl”) (A7)

because & < ¢M, s0 Eﬂ;’“‘ - ENY < ENk - Eﬂé‘l”. (Q-E.D.)

any ant
3. -éa-lfr < 3;‘{'
Proof: on
Sl —a-b Eqp - 2bgl - cH
aqu q, q)

(A.8)



an¥
I gf = gL, then —B;lir <

20

L
any _ a-b- Eq] - 2bgt - c* (A.9)
aqt

%;— because cH > cL. (Q.E.D.)
1

4. gnfV_ En¥ > R - ENY

Proof:

ERMFL_ EnY =
and

en" - Enf =

Now

(M - cb)- (4a - 67 +4cH" —2cL - 4p7cH" + 4p7 )

o (A.10)

(cH — L) -(4a - T + 4k - L - 4pc M=+ 4p7cl)

A1l
36b ( )

L

(4a—6c”+4c ~2cL~4p "4 4p°c L=y 5 ( ga-7cH 44—t —4p ”'+4p'cL') (A.12)

because c& < cH . so ERIFIL — EH” > Ef¥' _ Efi¥ (Q.E.D.)
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