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Introduction

The heavyweight motorcycle industry and others like it raise questions
about the role of government Intervention in declining industries. Schooled
in the tenets of comparative advantage, economists are puzzled to see
policymakers erecting high trade barriers to protect marginally profitable
firms in industries where capacity outstrips declining demand.

This paper offers an explanation for the pervasiveness of protection in
markets with high concentration and globally declining demand that hinges on
the anticipation of monopoly rents accruing to the most persistent competitor.
In an industry with high fixed costs and declining demand, a strategically
disadvantaged firm stands to gain from protection that enables it to outlast
its foreign rivals and earn monopoly rents. Although the survival of the
disadvantaged home firm may be undesirable from a welfare point of view, the
firm can induce its government to levy protective tariffs by continuing to
commit its fixed costs, as long as the govermment cannot credibly precommit to
refrain from levying tariffs in the future. Suboptimal policy results from a
dynamic inconsistency problem: the firm knows that once it has committed its
fixed costs the government'’s optimal policy will be a protective tariff, even
when nonintervention and firm exit is preferred ex ante.

I formalise this explanation in an exit game between firms of different
nationalities, In order to examine the effect of government intervention on
the order and timing of firm exit and on welfare. Interestingly, I find that
the government always intervenes to protect the firm located in its market,
and the resulting level of protection is not first-best in terms of domestic
welfare. The model predicts that firms in declining industries will receive
protection long after they would exit in the absence of intervention, even
when this is not welfare-maximlsing. The effect of tariff intervention is to

terminate market operation prematurely in all cases, and to reverse the



equilibrium order of exit in many cases.

With unilateral intervention in the market with the less competitive
firm, reversal is more likely the smaller is the differential in fixed costs
between the protected firm and its foreign rival and the more elastic is
demand. The curtailment of production is more severe the more rapidly demand
declines over time, and the more extreme is the reduction in foreign profits
from the tariff. When there is reciprocal intervention, relative demand
shares are also an important determinant of the strategic balance. In the
presence of reciprocal tariffs, it is strategically advantageous to be located
in the larger market. The presence of a rival interventionist government
lessens a firm's commitment power vis-a-vis its own government, however, so
that reversal of the free market order of exit is less likely than with
unilateral intervention.

The game formulation I employ draws heavily on the industrial
organisation literature on exit, and in particular on the model developed by
Ghemawat and Nalebuff (1985).1 Ghemawat and Nalebuff construct a model with
complete information where firms differ in their capacity levels and the
associated fixed costs. They show using backward induction that the firm with
the smallest fixed cost prevails as a monopolist in the final perieds. I
develop a somewhat different model that preserves the central insight that low
fixed costs are a strategic advantage in a market with declining demand.

Trade policy in declining industries is a subject that has largely been

ignored in international trade theory, despite its importance in trade

! There have been several extensions and refinements of the Ghemawat/ Nalebuff
results. Whinston (1987) uses a discretised exit framework to consider the
order of capacity retirement where one or more firms has multiple plants, and
finds the smallest-leaves-last outcome does not go through in general. Both
Whinston and Ghemawat and Nalebuff (1987) find that the subgame perfect
equilibrium is the sequence of static Nash equilibria in the presence of
continuous capacity reduction. Londregan (1986) elaborates the exit framework
to incorporate the possibility of (costly) reentry and extends it to the
industry growth phase; he finds that the smallest-leaves-last outcome obtains.
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disputes. The models of infant or steady-state industries in which the trade
literature has specialised shed little light in this area; their temporal
framework 1s inappropriate to the analysis of decline. There is a literature
that focuses on the important political dimension of protectionism in
declining industries,” but equally important economic issues have not recelved
comparable attention.

This paper also touches on the area of dynamic consistency in trade
policy.3 The question I am addressing is inherently dynamic: given a
trajectory of demand that threatens one of the firms with imminent failure,
when does the government intervene and to what effect? I find that the
government's ability to influence the market outcome is undermined by its
inability to precommit., As is common in such models, the policy that is ex
ante optimal may not be feasible if the government cannot tie its hands, since
the firms correctly anticipate the government’s policy response in making
their production decisions. 1If a firm commits its fixed costs before the
government sets policy, the firm knows that the government will protect its
investment ex post, even if this is not the ex ante optimal policy.

Take the case where there is one firm located in a domestic market and
another in a foreign market. The inconsistency arises when the domestic firm
stays in the market longer than is optimal from the perspective of domestic
welfare because the anticipated cumulative private returns from staying in
under protection exceed the social returns. It is particularly striking when
domestic welfare 1s higher with the foreign firm exiting last but the home
firm prevails instead because the government is unable to precommit to

sufficiently low future tariffs to ensure foreign viability,

% For example, Baldwin (1985), Cassing and Hillman (1986), and Hufbauer et al
(1986).

® Recent work on dynamic consistency in trade policy includes Engel and
Kletzer (1987), Matsuyama (1987), and Tornell (1989).



The paper proceeds as follows, Section I presents a simple one-period
model to illustrate how the government'’s inability to precommit results in
protection even when this is not the ex ante optimal policy. Section II
develops a multiperiod exit framework, assuming that both firms export all of
thelr production to a third country. This simplification is used to derive
the smallest-leaves-last outcome, and to solve for the equilibrium outcome
when government intervention is introduced. In Section III, the model is
extended to include consumption at home. The equilibrium timing and order of
exit under nonintervention and under tariff Intervention are derived, and
comparative statics are used to evaluate the sensitivity of the equilibrium to
various parameter changes. Section IV presents a numerical simulation that
compares the level of domestic welfare under varying degrees of government
commitment, and tests the sensitivity of the welfare levels to parameter
changes. Section V extends the model to comsider reciprocal intervention by

the foreign government. Section VI concludes.

I. One-Period Example

In an industry with sufficiently large fixed costs that only one firm is
viable, trade protection benefits the firm in the protected market by giving
it a strategic advantage vis-a-vis an unprotected rival. Such protection is
not always optimal from the point of view of welfare in the protected markerc,
however. If the firm commits its fixed costs before the government sets
policy, the firm may be able to induce the government to erect protective
barriers with the effect of maximising private returns to the firm rather than

. 4
social returns,

‘ The game is structured so that the government sets policy after the firms
have made their participation decisions, in contrast to the assumption made in
most of the imperfect competition trade literature that the government moves
first. The timing structure assumed here is arguably more accurate in
describing policymaking processes prevalent in the US vwhere, for instance,
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This is seen most clearly in a simple one-period production model.
Suppose there is one foreign firm and one home firm, and demand {s
concentrated in a third market. The firms have identical constant marginal
costs, and fixed costs that are larger for the home firm than for the foreign
firm. The firms simultaneously choose whether to play "in" or "out", 1If a
firm chooses to play in, it pays its fixed costs and then (simultaneously)
chooses its output. When both firms play in there is a Cournot equilibrium,
and there is monopoly output otherwise.

Consider a scenario in which the fixed cost difference is such that both
firms are viable as monopolists, but only the foreign firm i{s viable as a
duopolist. Then in the absence of intervention, the unique pure strategy
equilibrium i{s foreign monopoly.

Now suppose the home goverrnment can levy an export subsidy, once firms
have chosen whether to participate and paid their fixed costs. Define s as
the subsidy level, and x(s) and y(s) as the home and foreign firms’ profit-
maximising quantities under the subsidy respectively, and define home and
foreign fixed costs as kh and kf respectively. The government sets s to
maximise welfare, which equals the home firm’s profits less the cost of the
subsidy:

(1.1) Max W(s) = ([P(x(s)+y(s))-c+s}x(s)-kh)»sx(s)
s

The subsidy revenues received by the home firm are exactly offset by the
cost of the subsidy to the government, so that welfare is simply the
unsubsidised profits of the home firm, incorporating the quantity responses of

both firms to the subsidy. Concavity of the profit function and

firms must demonstrate injury in order to be considered for protection by the
USITC, and must have a contract in hand when applying for export credit
subsidies. It can be shown that a similar suboptimality result obtains when
the government moves first in the multiperiod game with domestic consumption,
for certain specifications of the demand function.



downward-sloping reaction functions are sufficient to ensure that the optimal
subsidy is always positive when both firms play in, and O otherwise. The
imposition of a subsidy raises home welfare by inducing the home firm to raise
output and the foreign firm to contract output by a greater amount. This is
precisely the result derived by Brander and Spencer (1984) in the absence of
fixed costs.’

The intuition for this is straightforward. Start by ignoring the fixed
costs and consider the home and foreign firms’ best response functions
illustrated in figure 1.1. The home firm's best response to foreign
quantities of y is given by the locus R(y), and R(x) gives the foreign firm's
best response to home quantities of x. The intersection of the best response
functions at N is the (symmetric) Cournot/Nash equilibrium. The profits
associated with the Cournot equilibrium quantities are given by the isoprofit
contours, x? and 12 , for the home and foreign firms respectively. Profits
are rising towards the axes, and are highest at the monopoly points x: and x?.

The imposition of a positive subsidy results in an outward shift of the
home firm's best response function, from R(y) to Rs(y), such that the
equilibrium shifts to the point S, where home output is greater, and foreign
output is lower. The profits of the home and foreign firms associated with
the new equilibrium are given by the contours wi and x; respectively.

The subsidy is chosen to maximise welfare consistent with both firms
choosing quantities along their respective best response functions. Figure
1.2 illustrates the optimal subsidy choice. The domestic isowelfare contours

are simply the isoprofit contours of the home firm prior to the imposition of

the subsidy, since domestic welfare is the domestic firm's profits net of the

® Eaton and Grossman (1986) show that the optimal policy is an export tax for
Bertrand competition. In this case, the domestic firm's aftertax profits
decline to 0 before welfare reaches 0, so that the domestic firm leaves
earlier than is socially optimal. Reversal in the order of exit is less
likely than under subsidised Gournoct competition.
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subsidy. The highest achievable level of domestic welfare along the foreign
firm’s best response function is at the tangency of the 1isowelfare contour Ws
to R(x), at the point S, which i{s the Stackelberg equilibrium with the home
firm as leader. Thus, the optimal subsidy moves the equilibrium between the
firms to the point §, raising welfare from Vn to VS, and reducing foreign
n s

duopoly profits from e to T

Now consider the firms’ fixed costs. Recall that in the absence of

subsidies both firms are viable as monopolists but only the foreign firm is

viable as a duopolist. In figure 1.1, this implies that home‘s fixed costs,

n

kh’ lie somewhere below n:, in region Hl or HZ’ while kf lies above e in
region Fl or FZ' In figure 1.2, khlies between the isoprofit contour Wn and

m
the point o in region Wy Or w,.

When the domestic government imposes the optimal subsidy, one of three
equilibria results, depending on the relative sizes of the fixed costs. Refer

again to figure 1.1. If kf is in region Fl, between ﬂ? and w;, the foreign

firm is not viable as a duopolist under the subsidy, and it will only play in

if the home firm exits. 1If, on the other hand, k_ is in the region F the

£ 2,
foreign firm is viable as a duopolist under the subsidy and will play in

regardless. Likewise, if kh lies in the region H,, the home firm is viable

27
under the subsidy as a duopolist and will play in regardless. If its fixed
costs lie in the region Hl' below x;, the home firm is not viable as a

duopolist even under the subsidy. The four possible outcomes are:

EQUILIBRIUM OUTCOMES

k € H Mg oor M Me

k, € H, Y D



where D is duopoly, Hh is home monopoly, and Hf is foreign monopoly.

In the equilibrium with home monopoly, the threat of subsidy intervention
raises welfare, while in the equilibrium with foreign monopoly it has no
effect. But in the duopoly equilibrium, even though the protected profits of
the home firm exceed its fixed costs, the overall social surplus net of the
fixed costs may be negative. Refer again to figure 1.2. When both firms are
profitable under subsidised duopoly, kf lies in region F2, and kh lies in “1
or w, in figure 1.2. But in region wy, met social surplus under subsidised
duopoly is negative. In this case, the government intervenes to secure
positive rents for the home firm, even though the social returns are negative.
As long as the governmment is unable ex ante to promise credibly not to
intervene if the home firm decides to participate, it cannot avoid

intervention that is potentially welfare-reducing.

II. Dynamic Exit Game with Production

This section develops a dynamic framework to analyse strategic
interaction in a declining industry. The essential insight arrived at above
survives In the more elaborate framework, albeit in a modified form. The
dynamic structure introduces the possibility that a firm is willing to accept
losses over some interval in the anticipation of earning monopoly rents after
its rival exits. This leads to the striking possibility that the home firm
remains in the market as a duopolist under the protective umbrella of
subsidies long after it would have exited in the absence of intervention,
without in the end securing the monopoly position. In this case, government
intervention on the interval leading up to the home firm's exit is
welfare-reducing. Even when intervention does succeed in reversing the order
of exit, and raising net welfare overall, there is some interval over which

Instantaneous welfare under the subsidy is negative.



IT. 1, Free Market Equilibrium
1 start by describing the exit game between the firms in the absence of
government intervention, and derive the result that the firm with the smaller

fixed costs secures the monopoly rents, under the following assumptions:

Al  There is no consumption in the home market; the home firm exports all of

[
its output.

A2 Instantaneous demand at time t and priece p is given by Q(p,t), which has

the properties mnecessary to ensure that profit functions are concave,

Al The instantaneous demand function is separable in time and price:

(2.1)  Q(p,t) = £(t)g(p) ==—=> p(Q,t) = g-l(Q/f(t)) = P(U/E(1))

A4 Demand 1s declining monotonically over time, i.e. f’'(t) < 0, due to a
change in taste or technology. The declining trajectory of demand is fully

anticipated by firms at the start of the exit game.
AS The time rate of discount is 0.’

A6 There are two firms that produce an identical good; firm h is located in

the home market and firm f in the foreign market.

® The inclusion of consumer surplus in the welfare function complicates the
results, so it is useful to make a number of points cleanly before going on to
the more elaborate model with domestic consumption in Section III.

7 Alternatively, f(t) could be thought of as incorporating a positive discount
rate.



A7 Production entails a constant marginal cost, ¢, which is equal for both

firms, and a fixed cost ki’ which is larger for the domestic firm, 1i,e. kh>kf.

A8 A sunk investment is required for entry, so that it is always better for
firms to stay in than to leave and reenter.® Both home and foreign firms have

already sunk their investments at the outset of the exit game.

A9 At the beginning of each period, the firms that have not yet exited
simultaneously choose between exiting permanently and staying in. Any firm
that chooses to stay in must pay its fixed cost, which can be thought of as a
participation fee., The firms who have paid their fixed costs then choose
output simultaneously, with full knowledge of their rival's participation
decision., In other words, in period T (T=1,2,...) firms makes two decisions:
Ta Simultaneous choice of in or out. If a firm played out last period
it must do so again. 1If a firm plays in, it pays its fixed cost.

Tb Simultaneous choice of quantities.

Thus, each firm has two strategic choices each period: its exit
decision, and its level of output if it stays in. Given the timing structure
of the stage game, the within-period equilibrium is Cournot-Nash when both
firms have chosen in, and monopoly when only one has chosen in.® This leaves
the exit decision as the sole significant strategic variable.

Given these assumptions, there is a unique equilibrium outcome in which

the domestic firm exits the instant its duopoly profits become negative, and

& Londregan (1986) shows that it is always better for a firm not to leave than
to leave and reenter, given any cost of reentering, however small.

9 Benoit and Krishna (1987) show that uniqueness of the stage game equilibrium
is sufficient to rule out the possibility of a collusive supergame equilibrium
in a finite game context.
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the foreign firm then monopolises the market until it is no longer profitable.
This is the result Ghemawat and Nalebuff derive, starting with different
assumptions on demand and technology.10

To show this, I start by solving for equilibrium profits under monopoly
and duopoly. Instantaneous profits for firm i at time t can be written as:
(2.2)  M(a;,q,,0) = x(qy,q;,8) kg = [BQ/E(E))-clag-k
where «(qi,qj,t) is the instantaneous variable profit function, 9y is firm i's
output, and Q is industry output (Q = qh+qf). The output level that solves
the monopolist’'s profit maximisation problem at time t is q?(t):
(2.3)  qj() = £() [e-P(q]()/£(£))] /P’ i-h, £
Notice that (2.4) is satisfied when the ratio qT(t)/f(c) is constant over
time. Call home’s optimal monopoly quantity normalised for the dynamic
component of demand X, and that of foreign Y:
(2.4) X =Y = qT(C)/f(C) i=h,f
Then variable monopoly profits can be expressed in time-separable form as:
(2.5) x(1,0)f(t) = x(1,0,t) = —([P(I)-c]z/P‘)f(t) for I-Y,X
Similarly we can derive the firms' optimal quantities when both firms play in
at time t from their first order conditions:
(2.6)  qH(©) = £(t) [e-B(QUE)/E(£))]/P" i-h, £
Again, firm i's first order conditions are satisfied by producing in constant
proportion to the time component of demand. Call home's duopoly quantity
normalised for time x, that of foreign y, and total duopoly output z:
2.7 x =y =al(®)/E® i-h for x, £ for y
Then each firm's variable duopoly profits are separable into a time-invariant

and a time-dependent component:

(2.8)  x(mmE(E) = m(ag.af,0) = -((RQ/E(E))-c1*/R IECE)

1% Ghemawat and Nalebuff assume the firms differ in their capacities, and that

marginal revenue is always positive, so that it is always optimal to produce
at full capacity if it is optimal to produce at all.
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i=h and m=x when j=f and n-y
i=f and m=y when j=h and n=x

For notational simplicity, let xf and ”T denote the time-invariant components

of firm i's duopoly and monopoly variable profits respectively. Due to the

equality of the marginal costs, the variable profits of the two firms are

equal under each market structure in equilibrium, 1: - Ig

It is clear from equations (2.5) and (2.8) that the firms’ profits

for b=m,d.

decline monotonically with f(t). This property of the profit function makes
it possible to specify each firm’'s critical point - the time at which
instantaneous variable profits just cover the firm's fixed costs - under
monopoly and duopoly. Define t? as the critical points of firm i under market
structure b:

(2.9) () = | £ead - k) for b-m,d

Since kh>kf by assumption, it is straightforward to establish that the
foreign firm's critical points exceed those of home in both duopoly and
monopoly. It is also straightforward that each firm's monopoly critical point
occurs later than its duopoly critical point, since 1T>tg. The position of tg
relative to t: is indeterminate.

Figure 2.1 shows the profits accruing to each firm from participating
each period from tg on as a monopolist and as a duopolist. Time t: is defined
by the intersection of the variable monopoly profit function, xmf(t), with the
home fixed cost line, kh' and t? is defined by the intersection of 1mf(t) with
the foreign fixed cost line, kf. Similarly, wdf(t) intersects kh at t:, and
kf at tg. The area between rmf(t) and the fixed cost line, kh' is the
cumulative value of the home firm's moriopoly profits, while that between
xmf(t) and kfis the cumulative value of foreign’s monopoly profits, and

likewise for duopoly. It is useful to define the cumulative value of the

stream of profits of firm i on the interval [to,tl] for market structure b as:

b b
(2.10) Vi(to'tl) = fto (rif(r)-ki)dr for i=h,f and b=m,d

12



The equilibrium of the game between the firms hinges on the order of the
two pairs of critical points: the firm with the later critical point has the
strategic advantage under each market structure, The equilibrium is derived
through a process of backward induction.

Starting at any t?t?, neither firm participates in equilibrium because
neither is profitable in this region. Working backward to an instant before
t?, the home firm plays out since it is not profitable at any t>t:, while the
foreign firm plays in if it is in the market alone, since it earns positive
profits. This argument holds back to an instant before tﬁ, the last instant
at which home is viable as a monopolist. The value of foreign’s profits on
this interval, V?(t:,tﬁ), is shown in figure 2.1 as the shaded area between
the monopoly profit curve and kf. Working back from time CE, since the
foreign firm anticipates monopoly profits of V?(t:,t;), it is willing to
participate as a duopolist and make losses back as far as some point Ef, vhere
its cumulative duopoly losses, Vg(Ef,t:), are just offset by the anticipated
monopoly profits. V?(Ef,t:) is shown as the shaded area below kf in figure
2.1. The home firm, anticipating profits of at best 0 after t:, cannot
sustain duopoly losses on the interval (Ef,t:], so it is persuaded to leave at
Ef. But now foreign anticipates receiving V?(Ef,t?), and the same argument

can be made working backward to some earlier point T and so on back to

£ -
tg, the last instant at which home's duopoly profits are nonnegative. This
establishes the unique subgame perfect equilibrium in which home exits at t:,
and foreign stays in as a monopolist between tg and tz.
II. 2. Intervention Equilibrium

Next I introduce domestic government intervention under the following

assumptions:

13



Al0 The domestic government can subsidise the domestic firm's exports at

any level s per unit that it chooses.™

All The government chooses the level of s each period after firms have
decided whether they will participate and paid their fixed costs, but before
firms have chosen their output levels. Thus, the timing structure in period T
(T=1,2,...) is as follows:
Ta Firms simultaneously choose in or out. If a firm played out last
period it must do so again. If it plays in, it pays the fixed cost.
Tb Having observed firms' participation decisions, the government sets
the level of s.
Te Firms choose quantities simultaneously, taking into account the

announced subsidy and their rival‘s participation decision.

Firms adjust their equilibrium quantities in response to the subsidy. In
equilibrium, this yields normalised Cournot quantities under duopoly:
(2.11)  x(s) = ap(s,£)/£(t) = [c-s-P(Q(s,E)/E())1/P"
(2.12) y(s) = qg(s,t)/f(t) = [c-P(Q(s,t)/£(E)) ] /P’
and the home firm adjusts its monopoly output for the subsidy yielding:
(2.13)  X(s) = qp(s,©)/£(t) = [c-s-B(qp(s,©)/E(t)) /P!
The foreign firm produces at the free market monopoly level, Y, when it is in
the market alone. Then xg(s)-ﬂ(x(s),y(s).s), 12(5)'K(y(5).x(5)), *:(5)'
n(X(s),0,s), and foreign monopoly profits are the same as in the free market
equilibrium.

The domestic welfare function on [0,T] is the cumulative value of home

profits less subsidy payments:

 In the first four sections I focus on the effect of intervention by a single

(and singlewilled) government. The effects of interaction between rival
intervention governments will be addressed in Section V.
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(2.14) w(0,T) -fg[(x(m(s),n(s),s)-sm(s))f(r)-ki]dr

x(s) y(s)
x(s) for n(s) = 0

Were the government able to precommit to a path of subsidies at the outset of

where m(s) =

the exit game, it would choose the path that maximises (2.14), taking into
account the effect of the anticipated subsidies on both firms’ exit decisions.
However, glven the game structure specified in assumption 11, the govermment
always chooses the subsidy to maximise the instantaneous welfare function
defined in equation (1.1). The logic of this is straightforward. The
government cannot directly influence the exit decisions of the two firms,
since it has no means of committing to a subsidy level before the firms have
decided whether to commit their fixed costs each period. Thus, the best the
government can do is to set the subsidy to maximise instantaneous welfare,
taking into account the quantity responses of both firms but not their
intertemporal participation constraints.
Thus, the optimal policy choice each period is the same subsidy as was

chosen in the one-period game to maximise (1.1): the equilibrium subsidy is

*
time-invariant, Define s, as the equilibrium subsidy under market structure

b
b3
(2.15)  sp= @-0) (B2 (R-0))/(2)]
*
s.- 0

In order to determine the order and timing of exit in the intervention
equilibrium, it is necessary to adjust the duopoly critical points for the
effect of the subsidy . Call firm i's subsidy-adjusted duopoly critical
point, ;g; at this point, the firm’s instantaneous duopoly profits under the

equilibrium subsidy go to 0. Each firm’s duopoly critical point will lie at

the Intersection of the subsidy level which gives it zero profits at that

13 _* ;
s 1s the optimal instantaneous subsidy.
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*
instant, and the equilibrium subsidy level, S4-

glves firm i instantaneous profits of exactly 0 under duopoly at time t as;

Define the subsidy level that

.16 sdey { SIF{($)E(®) =k, if such a value exists} i=h,£
0 otherwise

sf(t) is the subsidy level at which firm i’s instantaneous participation

constraint just binds at time ¢t.

The paths of s;, sg, and s:, and the associated critical points are
illustrated in figure 2.2a, and the profits of the two firms under the
equilibrium subsidy are shown directly below it in figure 2.2a. The home firm
requires a rising level of subsidies over time in order to break even, while
the foreign firm's zero-profit subsidy level declines over time. Notice that
s? equals 0 at tg, while sg equals 0 at tg; the foreign and domestic firms
break even as duopolists under a zero subsidy at their respective free markst
critical points. The intersection of the optimal subsidy with the home and
foreign firms’ zero-profit subsidies respectively defines the subsidy-adjusted
critical points, ;: and ;:. Call the time defined by the intersection of the
two zero-profit constraint lines é. Up to é, both firms are viable as
duopolists for any subsidy level between sg and s?; beyond %. the
instantaneous incentive constraints are mutually exclusive.

The intervention equilibrium can be derived by a process of backward
induction similar to the free market equilibrium. Again, the equilibrium
hinges on the ordering of both pairs of critical points, adjusted for the
subsidy. In equilibrium, subsidy intervention has no effect on the positions
of the monopoly critical points, but its effect on the duopoly critical points
is either to narrow the distance between them or reverse them altogether.

Consider first the case (N) where the optimal subsidy is sufficiently
low relative to the intersection of the zero-profit subsidy levels that the

gap between the duopoly critical points narrows but their order does not
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reverse., The subsidy functions for case N are shown in figure 2.2a, and the
associated variable profit functions are shown in figure 2.2b., Starting an
instant before t:, home has anticipated profits of 0, while foreign
anticipates monopoly profits of V?(t:,t?). Foreign is willing to accept
duopoly losses up to this level, so home plays out. Working backwards in

A

steps, the same reasoning applies back to s:, the last moment at which home {is
profitable as a duopolist. Thus, the home firm remains in as a duopolist
until ;:, well beyond its free market exit time, but in the end does not
secure the monopoly position.

While the home firm earns higher profits than it would in the absence of
intervention, domestic social surplus may be lower. The change in social
surplus induced by the intervention policy is:

I

d
N s
d 'd h d, * * %
(2.17) W(t,,sg) = J g (Um(sg)-sx(s)1f(x) -k} dr
“h
Since instantaneous welfare is lower than instantaneous profits at every

instant by the amount of the subsidy payments, and the home firm does mot

leave until its subsidised profits go to 0 at sd

R’ welfare is negative on some

interval leading up to s:.

By intervening on this interval, the government
actually reduces welfare. Indeed, the losses on this interval may be
sufficient to outweigh welfare gains on the interval immediately following tg,
so that welfare may be reduced overall, depending on the form of the demand
function and the parameter values.

Welfare-reducing intervention is also possible in the case (RD) where the
equilibrium subsidy lies above the intersection of the zero-profit constraints
and the order of the duopoly critical points is reversed. The subsidy
functions in case RD are shown in figure 2.3a, and the two possible
configurations of the associated variable profit functions are shown in

figures 2.3b and 2.3c.
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Starting with figure 2.3b, an instant before t: foreign is willing to
sustain instantaneous duopoly losses in order to earn positive monopoly
profits on (t:,t?), while home, with anticipated cumulative profits of 0,
cannot credibly threaten to participate under duopoly. Working backwards, the
same reasoning applies until an instant before ;ﬁ, where home plays in because
it is profitable under both duopoly and monopoly. Foreign continues to
participate at this point, because anticipated monopoly profits of V?(;g,t?)
outweigh instantaneous duopoly losses. Working backwards, since
[V?(sz;;g,;3)| < V?(;g,t?), foreign can credibly commit to stay in as a

t
duopolist until ss, where Vf(s;to,cl) - ftl(xg(s)f(r)-ki) dr. Thus, duopoly
(o]

prevails until ;g, when home drops out, and foreign monopolises the market
thereafter.

Here, as above, home’s participation as a duopolist is extended but it
does not secure the monopoly position. The point at which the social surplus
under the optimal subsidy goes to 0 is'earlier than the point at which
subsidised home profits go to 0, and government intervention on the interval
between these points is welfare-reducing. As above, cumulative surplus over
the interval (tﬁ,;:) may be negative.

If, on the other hand, foreign's duopoly losses swamp anticipated
monopoly profits before ;g is reached, as in figure 2.3c,foreign drops out at
;g. In equilibrium, duopoly prevails until ;g, and home monopoly prevails
thereafter. Here the order of exit reverses and home earns monopoly profits
on the interval (;g,t:). In this case, it is likely that the cumulative net
effect of the policy is to raise welfare, although home welfare under the
subsidy may still be negative over some interval leading up to ;g if t:< ;g.

Even in this case, where the cumulative net change in welfare is \
positive, intervention does not achieve the first best optimal. To see this,

suppose that the government were able to commit irreversibly to a path of
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subsidies at time tg. The optimal policy depends on the relative fixed costs
of the two flrms, If the foreign firm’s cumulative monopoly profits on
(t:,t?) are swamped by the cumulative value of its fixed costs over the
interval (cﬁ,c:), then the government optimises by threatening to impose a
duopoly subsidy on (tﬁ,t:) in excess of sg(t), and in equilibrium the foreign
firm drops out at tﬁ, and home monopolises the market until tﬁ.

If instead foreign’s monopoly profits on (cﬁ,t?) swamp the cumulative
value of its fixed costs on (tg,tg), foreign will stay in as a duopolist at
any level of subsidy. The government optimises by precommitting to a path of
subsidies that forces the home firm to leave when its continued operation is
no longer socially productive. This entails the optimal subsidy SZ up to the
time at which the social surplus from subsidised duopoly production goes to O

- which is strictly earlier than sd

hoC and O thereafter.

Notice that the equilibrium order of exit is determinate in case N and in
the free market game. This determinacy results from the uniform ordering of
the duopoly and monopoly critical points: the firm that has the strategic
advantage under both market structures always secures the monopoly position.
Whenever the order of the pairs of critical points differs under monopoly and
duepoly, however, as in case RD, each firm has an advantage under one market
structure, and the equilibrium order of exit depends on the magnitude of each
firm’s cumulative anticlpated monopoly profits on the final interval relative
to the cumulative duopoly losses on the preceding interval. This rule helps

to simplify the analysis in the remaining sections.

III. Dynamic Exit Game with Consumption at Home

In this section I elaborate the framework developed in Section II to
include consumer surplus in home welfare, and tariff intervention. With

consumption at home, there is a welfare tradeoff between domestic consumer
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surplus and the domestic firm's profits, which magnifies the potential
conflict between the firm’'s interests and social welfare, and raises the value
of govermment commitment power. In contrast to the pure production case,
welfare may be higher with foreign monopoly in the final periods when there is
consumption at home. Thus, the possibility of a net reduction in social
surplus from intervention arises even when there is reversal, and vice versa.

Consumption in the home market introduces an intertemporal tradeoff and
an intratemporal tradeoff into the welfare function, which make it difficult
to determine the first-best order and timing of exit in general. The
intertemporal tradeoff is between consumer surplus and tariff revenues from
foreign monopoly output on (ti,t?) if home exits first, and domestic monopoly
profits between the foreign exit time and tg if instead foreign is forced out
first, The intratemporal tradeoff is between the producer and consumer
surplus and tariff revenues associated with duopoly production as against home
monopoly production at each instant on (tﬁ,c:). Because of these tradeoffs,
the welfare-maximising order and timing of exit depend on the form of the
demand function and the size of the fixed cost differential.’* But without
specifying the social optimum, I will show that the equilibrium policy does
not in general attain it when the government is unable to precommit.

I proceed by deriving the equilibrium order and timing of exit under
government intervention in the absence of commitment, and then use comparative
statics to determine the effect of changes in key parameters on the
equilibrium. I also show that government policy in the absence of commitment
is not first best; the welfare implications will be explored in greater depth

for a specific case in Section IV.

1 Although it is difficult to generalise about the welfare ordering over the

three possible market structures at each point in time, the form of the demand
function ensures that the welfare ordering changes monotonically over time.
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III. 1. Unilateral Intervention

4

Start by modifying assumptions 1 and 10:

15
Al' Demand is concentrated in the home market.

Al0’' The domestic government can levy a specific tariff, r, on foreign

’ . : : 16
imports at any nonnegative level. The tariff is the sole instrument.

The free market equilibrium order and timing of exit are the same as
those derived in Section II. The firms’ decisions are invariant to the
location of consumption in the absence of transport costs.

Under tariff intervention, the firms adjust their equilibrium outputs,

yielding variable duopoly profits for home and foreign respectively:
(3.1) ﬂ:(f)f(t) = [P(z(r))-clx(r)f(t) = f(t)[C'P(Q('.t)/f(t))]z/P'
(3.2) ﬂg(f)f(t) = [P(z(r))-c-rly(r)f(t) = f(t)[C+T'P(Q(7,t)/f(t))]2/P'

and forelgn variable monopoly profits:
(3.3) xrfn(r)f(t) = [P(Y(r))-c-r])Y(r)f(L) = f(t)[c+f<P(q';(r,t)/f(C))]2/P'
where x(r), y(r), and z(r) are home, foreign, and total duopoly outputs, and
Y(r) is forelgn's monopoly output under tariff r. The home firm produces at
the free market level when it is a monopolist, and receives the free market
level of monopoly profits.

Social welfare on [0,T] is the cumulative value of consumer surplus, home

profits, and tariff revenues from forelign imports:

* A second market could be introduced under the assumptions of Section V,

without changing the results. The critical assumption for the analysis in this
section is that intervention is unilateral.

Y If the government uses production subsidies instead, a similar suboptimality

result obtains due to the lack of commitment power, and the possibility of
reversal also arises, depending on the order of the critical points. However,
under production subsidies, the effect on the market life can go either way,
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(3.4) W(0,T) = fg [£(r) (u(o(r))-P(o(r)In(r) + *(m(r),n(r))+ralr))-k ldr

x(r) y(r)
where m(r) = X(t) for n(r) = 0 ; and o(r) = m(r)+n(r)
0 Y(r)

As in the pure production case, however, the government is unable to influence
the participation decisions of the two firms directly because it lacks the
power to precommit. Thus, the optimal policy is to set tariffs to maximise
instantaneous welfare, so that in equilibrium monopoly and duopoly tariffs are

iy . A * *
time-invariant. The equilibrium tariff is T3 under duopoly and T under

menopoly:
(3.5) ry =037 (B-c)-4(B) 24 [16 (B 32" (B-c))2-12(p" ) 20" (B-e)) /2 y2pr ¢
(3.6) 1 = (B (B-c)- (@) 2 (e 221 2o 1Becy | /2y spe s

As above, the order and timing of exit in the intervention equilibrium
depend on the order of the critical points adjusted for the tariffs. Call
firm i's tariff-adjusted critical point under market structure b ;?. It lies
at the intersection of the equilibrium tariff level and the tariff level for
which firm i’s instantaneous participation constraint just binds under market
structure b at that instant. Define r?(t) as the level of tariffs that gives
firm i profits of exactly 0 under market structure b at time t:

(3.7) r?(t) _ f]f(t)ﬂ?(f)-ki if such a value exists
0 otherwise

There are five relevant tariff levels in all:

TARIFFS Monopoly Duopoly
Home zero-profit ri(t)
. m d
Foreign zero-profit rf(t) rf(t)
11ibri * *
Equilibrium ™ T4

Figure 3.1 illustrates the relationship between the tariff levels and the *

critical points. The assumptions made above on demand imply that the home
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firm requlres a rising level of tariff protection in order to break even over
time, while the foreign firm’s monopoly and duopoly zero-profit tariff levels
must decline over time. r?(t) lies everywhere above rg(c) because foreign's
monopoly profits are higher than its duopoly profits by a constant factor.

The zero-profit tariff levels Intersect the x-axis at the free market critical
points of the associated firms because these are the points at which the firms
break even under a tavriff of zero. MHome’s tariff-adjusted duopoly critical

~ *
point, t:, lies at the intersection of the eguailibrium duopely tariff, Tq
with home’'s zero-profit duopoly tariff, ri(t); the home firm just breaks even

* *
under Ty at this point. Similarly, the intersection of rg(C) with T4 defines

and the Intersection of r?(t)

the tariff-adjusted foreign ducpoly point, tg,

and r: defines the tariff-adjusted foreign monopoly critical point, ;?. Note
that the instantaneous incentive constraints are compatible up to the time
defined by the intersection of the two zero-profit constraint lines, é, and
mutually exclusive beyond 1it.

There are four possible configurations of the tariff-adjusted critical
points, which are illustrated in figures 3.1 through 3.4, The effect of the
tariffs may be strong enough tc reverse both duopoly and monopoly critical
points (case RB), as In figure 3.1. The tariffs may reverse the order of only
one pair of critical points and narrow the gap between the second pair;
monopely reversal (case RM) is shown in figure 3.2, and duopoly reversal (case
RD), is shown in figure 3.3. Lastly, the tariffs may narrow both pairs of

critical points without reversing either (case N), as in figure 3.4.

“m m o _ ‘m
CASES Cf < Eh th < Cf
“d _7d
Cf < th RB RD
TP o ;

As was established in the pure production game of Section II, the
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equilibrium order and timing of exit hinge on whether the equilibrium tariffs
reverse the order of either or both pairs of critical points. When the order
of the critical points is the same under both market structures, the firm that
is profitable longer prevails. Thus, if the tariffs reverse the order of both
pairs of critical points (RB), the order of exit in equilibrium also reverses.
If the tariffs do not reverse the order of either pair (N), the foreign firm
maintains the monopoly position, but duopoly is prolonged, and the foreign
firm abandons its monopoly position earlier. When the tariff reverses the
order of only one pair (RM and RD), either outcome is possible, depending on
the relative magnitudes of each firm’'s cumulative monopoly rents in the final
period relative to the cumulative duopoly losses leading up to it.

There are thus two equilibria in total. In both, the effect of
intervention is to terminate the life of the market prematurely and to prolong
the life of the home firm relative to the free market equilibrium, In one,
the order of exit is reversed, while in the other it is maintained,

To see this, consider case RB shown in figure 3.1, in which both pairs
are reversed. Between ;? and tﬁ, home has a positive value to remaining in as
a monopolist, while foreign anticipates losses if it plays in. An instant
before ;?, home can credibly threaten to play in because its instantaneous
duopoly losses will be offset by anticipated cumulative monopoly profits of
VE(;?’CE)' With anticipated profits of 0, foreign cannot credibly threaten to
take duopoly losses, so it must play out. Working backwards, the same
reasoning applies back to ;g, where the optimal tariff first satisfies the
foreign zero-profit constraint. Thus, the intervention equilibrium entails
reversal of the order of exit: duopoly persists until foreign leaves at ;f’
followed by home monopoly until t:.

The same result is possible in case RM, in figure 3.2, where only the

monopoly critical points are reversed, depending on the relative values of the
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two firms. Working backward from tﬁ, home is profitable as a monopolist and
foreign is not under the tariff. Thus, foreign stays out, and home earns
monopoly profits, This reasoning works back as far as tg, where foreign is
profitable under both market structures, and thus plays in. Continuing

, . “d m
backwards, if the home firm’s anticipated monopoly profits, h(tf,th), swamp

x ~g "
duopoly losses on the interval leading up to it, Vg(rd;t:,tg), then home will
stay in as a duopolist on (tg,tg) despite losses, foreign is forced out at tg,

and home then monopolises the market until t The order of exit is reversed.

m
X
. ipiqs . v d .o

However, there is a second possibility in case RM, where h(tf,th) <

~

~ ~

d, * 7d °d
. { t
|Vh(rd,th,tf)|. In this case, home cannot absorb duopoly losses on (th, f),

“d
since they swamp its anticipated monopoly profits on (tf,tﬁ). Thus, home

drops out at tg,

The same two equilibrium outcomes are possible in case RD, where only the

and foreign monopolises the market until t?.

duopoly critical points are reversed. The arguments that were used to
determine the equilibria in case RD in the pure production game of Section II
apply here, with the sole difference that the foreign firm's monopoly critical

point is reduced under the tariff. Thus, if foreign’s duopoly losses,
d, * "d "d * °d ‘m
Vf(rd,tf,th), swamp anticipated monopoly profits of v2(1m’th’tf)’ foreign must

drop out at t the order of exit is reversed, and home monopolises the market

£
“d m . d "d %4 m, ¥ °d ‘m .

on (tf,ch). I1f instead ]Vf(rd,tf,th)| > Vf(rm,th,tf), foreign is able to

absorb duopoly losses on (tg,tﬁ), in anticipation of monopoly profits on

~ ~

(tg,t?). In equilibrium, home drops out at t:, and foreign monopoly prevails
until t?. Here, the order of exit is preserved, but home stays in later and

foreign leaves earlier than in the free market equilibrium.
The no reversal outcome, with home exit at tg and foreign monopoly until
t?, is the sole equilibrium in case N, shown in figure 3.4. Since neither

pair of critical points is reversed, the free market order of exit is

preserved, but home leaves later and foreign earlier than in the free market
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equilibrium.

To summarise, there are two equilibrium outcomes. In one the order of
exit is reversed: the foreign firm exits at ;g and home secures the monopoly
position until tg. In the second, home stays in as a duopolist until ;g and
foreign prevails as a monopolist on (;g,;?). In both equilibria the life of
the market is truncated relative to the free market equilibrium, and home
stays in beyond its free market exit time under the tariff’s protective

umbrella. In the no reversal equilibrium, duopoly production is extended,

while in the reversal equilibrium, it may be either extended or curtailed.

IIT.2. Comparative Statics

Clearly, the likelihood of reversal is greater the more are foreign's
critical points foreshortened by the tariffs relative to those of home. In
this section, I turn to comparative statics to examine the effect of various
parameters on the relative positions of the firms' critical points, and
thereby on the order and timing of exit.

There are two sources of asymmetry in the firms' critical points and, by
extension, in their strategic positions: the differential between the firms'
fixed costs and the (specific) tariff, which acts like an increase in
foreign's marginal cost relative to heme. A reduction in the difference
between kh and kf, or an increase in the tariff shortens foreign's critical
points relative to home, and thereby diminishes foreign's strategic advantage.

Changes in the demand-side parameters push both firms’ critical points in
the same direction, so that the relative effect on the critical points
depends only on their initial positions and the shape of the demand function.
An increase in the constant in either the instantaneous demand function or the
time component of demand prolongs the viability of both firms. An increase in

the elasticity of the demand function associated with a decrease in the slope
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of either the inverse instantaneous demand function or the time component of
demand lengthens the productive lives of both firms.

Starting with the production parameters, consider an increase in the
difference between the firms’' fixed costs. Total differentiation of the home
and foreign profit functions about the critical points yields:

(3.8) dgs/d(kh-kf) - dkh/[d(kh-kf)xxf’(gﬁ) <0 u-m,d
(3.9) dg?/d(kh—kf) - dkf/[d(kh-kf)x;f’(gz) >0 u-m,d

A

where cg-c:. An increase in the fixed cost differential extends foreign's
tariff-adjusted critical points relative to those of home, strengthening the
strategic position of foreign, and making reversal less likely.

Turning to an increase in the level of the tariff, differentiation of the

profit functions about the critical points yields:

-0 for u=-m

u u, _u . u
(3.10) dth/dr - »f(th)xhr(r)/((f (t)nh) > 0 for u=d

(3.11) d;?/dr - -f(;?)x;r(r)/((f’(;?)w;(r)) <0 for u-m,d

An increase In the tariff works precisely like an increase in foreign's
marginal cost relative to home. Thus, under monopoly, an increase in the
tariff decreases the foreign critical point and leaves the home monopoly
critical point unchanged, weakening the strateglic position of the foreign
firm. Under duopoly, the effect on the critical points is more extreme, since
the tariff raises home profits as well as reducing foreign profits:

Changes in the parameters of the instantaneous demand function affect the
two critical points of both firms in the same direction, but in different
degrees, depending on their initial positions and the shape of the time
component of demand. With linear demand of the form P(Q/f(t))=-a-bQ/f(t), a
decrease in the slope and an increase in the intercept raise the critical
monopoly and duopoly times of both firms. Differentiating with respect to a
yields:

(3.12) dcz/da - -2f(t:)/((f'(cz)(a-c)) >0 1-h,f; u-m,d
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A shift upward in the level of demand lengthens the productive lives of both
firms under both market structures. The effect on the relative positions of
the firms' critical points depends on the elasticity of f(t) and on the i
initial critical points.

Differentiating with respect to b yields:

(3.13) d::‘;/db - f(;‘i‘)/(bf'(;‘i‘)) <0 i=h,f; u~m,d

which are egual when the initial critical points are equal. Thus, an increase
in the slope of the (Inverse) demand function (a decrease in the elasticity of
instantaneous demand) shortens the viability of both firms under both market
structures. Again the effect of the change on the differential between the
two firms' critical points under each market structure depends scolely on the
shape of f(t) and on the initial critical times.

Changes in the time component of demand also move the critical points of
both firms in the same direction, but to differing degrees, depending on the
initial positions of the critical points. Upward shifts in the time component
of demand raise the firms’ tariff-adjusted critical points, while increases in
the slope of the time component shorten the flrms' viable production periods,
Take f(t) = A+e-rt, Then an increase in A raises the eritical points by an
amount that depends on their initial positions and the discount rate:

(3.14) d;lil/dA - exp(rg‘i‘)/r >0 i=h,f; u-m,d

The effect is more extreme the larger the Initial critical point. An iIncrease
in r lowers the critical points by an amount that depends on their initial
positions:

(3.15) d;‘i‘/dr - -tA:li‘l/r <0 i=h,f; u-m,d

As demand declines more rapidly over time, the monopoly and duopoly critical

points fall, and by more the higher the initial critical point,

III.3. Suboptimality of Policy
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In the pure production equilibrium of Section II, it is clear that
reversal is the welfare-maximising outcome, since welfare includes only
producer surplus. When Iinterventlion {n the absence of commitment fails to
achieve reversal, it may actually reduce welfare. 1In contrast, with the
addition of consumer surplus, welfare may be higher when the free market order
of exit is maintalned, due to the value of consumer surplus and tariff
revenues under foreign monopoly on the interval (t:'t;]' This is more likely
the more gradually demand declines over time and the greater the fixed cost
differential between the two firms. But here again, just as in the pure
production case, govermment intervention in the absence of commitment power
may not achieve the welfare-maximising order of exit and does not achieve the
domestic welfare-maximising timing of exit

Although there is no general expression for the first-best path of tariffs
that maximises W(tg,m), it is straightforward to establish that the no
commitment equilibrium is not generally first best by showing that the
government could do better under full commitment. This is most obvious in the
equilibrium where the imposition of tariffs curtails the monopoly exit time of
the foreign firm without reversing the free market order of exit. Here the
government could raise welfare simply by precommitting to a tariff of rm<r:

f
that allows the foreign firm to continue producing between t; and t?.
Higher welfare can also be achieved in the equilibrium where the tariffs
reverse the order of exit, if the cost of keeping the foreign firm in under a
m
- "d m thk .
prohibitive tariff on (tf,th], f g 1is offset by the value of foreign
°d
e
m o m m, m m
monopoly profits on (th,tf], Vf(th’tf)' The foreign firm can be persuaded to
stay in under a prohibitive tariff on (tg,ti], with the promise of a path of

*
tariffs below the lesser of - and r;(c) on (tﬁ,t?] that gives it sufficiant

monopoly profits to offset its earlier ducpoly losses. The prohibitive tariff
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results in welfare equal to that in the no commitment equilibrium up through
tg, and additional surplus is generated by foreign production on (t:,t;].
Thus, in both equilibria, the no commitment policy achieves
lower welfare than that achievable with full government precommitment power.
Comparison of no commitment equilibrium welfare with first best welfare
requires specification of the utility function and the parameter values., 1In
the next section, I compare first best policies that maximise welfare over the
entire horizon with equilibrium no commotment policies for a specific case
with linear demand.

IV. Numerical Simulation

This section presents results from a numerical simulation that measures
the effects of intervention on welfare under varying degrees of government
commitment, The simulation compares welfare in the no commitment intervention
equilibrium, the free market equilibrium, and the full commitment intervention
equilibrium. It examines the sensitivity of the three welfare levels to
changes in several key parameters for the case with consumption at home. It
also examines the sensitivity of welfare to changes in the fixed cost
differential in the pure production case, because of the centrality of this
parameter in the analysis in Sections II and III.

The simulation suggests that the welfare loss from the government’s
inability to precommit is high. For a range of parameters it is preferable to
avoid intervening altogether in the absence of commitment power. Welfare in
the no commitment intervention equilibrium is a distant second and sometimes
third best for all parameter ranges, with one exception. As the fixed cost
differential goes to 0, welfare under no commitment approaches that under full
commitment, since both entail reversal in the order of exit.

In the range of parameter values in which no commitment intervention

actually reduces welfare, the fixed cost differential is sufficiently large
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that the free market order of exit is preferred, but not large enough that the
protected home firm drops out. Given consumption in the home market, the
first best full commitment policy preserves the free market order of exit for
a broad range of parameter values, except as the fixed cost differential
approaches 0. In contrast, the no commitment policy always reverses the free
market order of exit, except as the fixed cost differential gets very large,
This corresponds to the case RD in figure 3.3, 1In the pure production case,
no commitment intervention similarly reduces welfare when the fixed cost
differential exceeds a critical level, but in this instance the reduction
occurs because intervention prolongs the life of the domestic firm without
reversing the order of exit. This corresponds to the case RD in figure 2.3,

In addition, the periods of both duopoly and monopoly production are
significantly reduced relative to the free market equilibrium under no
commitment intervention for a broad range of parameter values. In contrast,
under full commitment the period of duopoly production is prolonged and that
of monopoly production is preserved in all cases.

The simulation characterises the firms' value functions as follows:

t
.1 V?(r;to,cl)-ftl(f(r)aw?(r)-ki)dr for i=h,f and u-m,d
0

where the instantaneous profit functions for the two firms are given in
equations (3.1), (3.2), and (3.3) above, and a can be interpreted as a
population size parameter that multiplies & unit demand function. The
instantaneous demand function is assumed to be linear:

(4.2) P(M) = a-bM

The time component of demand is assumed exponential:

(6.3)  £(t) = A+e C

The welfare function is given in equation (3.4) above, adjusted for the
population parameter. The equations for the optimal instantaneous tariffs, r;

*
and T, are given in equations (3.5) and (3.6), and those for the zero-
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profit tariffs r?(t), rg(t), and fg(c) are given in equation (3.7).

The parameter values for the base case are:

a-100 b=t e=15 k=30 k=10 a=l  A=.022 r~.3
yielding critical points:
e - 6.9 -0 ed =119 c‘;-z.a
5\“‘ - 1.4 c;‘; = 11.4 c‘f“ - 29.5 t‘f“ - 11.9

The critical points are shown in figure 4.1. Table 4.1 summarises welfare
levels, the equilibrium order of exit, and exit times for changes in each of
the parameter values under the three regimes.

In the base case, the free market order of exit entails duopoly until ;g,

;—29.5, yielding total welfare over the

followed by foreign monopoly until t
interval of 741. In the no commitment equilibrium, the duopoly critical

points are reversed, while the monopoly critical points maintain their free
market order (case RD). In equilibrium, foreign monopoly profits on (gg,;?)

A

are swamped by its duopoly losses on (tg,gg), so that foreign drops out at
22-2.8, and home prevails as a monopolist until t:—ll.&. Total welfare is
749, slightly above the free market level,

The first-best full commitment path of tariffs is derived by optimising
over the three market structures on the interval (tg,w), taking into account
the incentive constraints of the two firms. It entails duopoly under fg up to

é; followed by duopoly under rs up to the point where cumulative foreign

duopoly losses just offset its anticipated monopoly profits; followed by

m

£
?—29.5. The home firm is protected as long as is feasible without sacrificing

foreign monopoly under r; up to ;?; and foreign monopoly under r_ until
t
surplus from the foreign firm's production in the later periods by making the
foreign firm just indifferent between exiting and staying in over the

interval. Thus, in equilibrium, duopoly lasts until tﬁ-9.3, substantially

longer than in the free market equilibrium, but the free market order of exit
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and market life are preserved. Total welfare is 928, roughly one-quarter
higher than under no commitment.

The equilibrium path of tariffs under full commitment and no commitment
is shown in figure 4.2. The no commitment equilibrium path is flat at the
optimal instantaneous tariff level until the exit of the foreign firm, while
the first best path is highly irregular (and somewhat implausible).

Qualitatively, the results are robust for a broad range of parameter
values. Table 4.1 compares the equilibrium order of exit under the three
regimes in the base case for changes in each of the parameter values. In all
cases, the home firm leaves at tg, and foreign prevails as a monopolist until
t? in the free market equilibrium. In all cases, there is reversal under no

N
: : . : d
commitment intervention, such that the foreign firm leaves first at t and

£

the home firm prevails as a monopolist until t And, strikingly, the full

o
h
commitment equilibrium maintains the free market order of exit in all but one
case: the home firm leaves first at ;g, long after its free market exit time,
followed by foreign monopoly until C?A The sole exception is where the fixed
cost differential becomes very small; here, the full commitment equilibrium
entails home monopoly following foreign exit at §.

The duopoly and monopoly terminal points for each of the parameter values
under the three regimes are illustrated in figure 4.3. Note that under no
commitment intervention both duopoly and monopoly production are truncated
relative to the free market outcome, while under full commitment the period of
duopoly production is extended, and the period of monopoly production is
preserved, with the one exception noted above. The truncation of the market
under no commitment relative to the free market and full commitment is
particularly strong for a low discount rate.

Figure 4.4 compares welfare levels under the three regimes for changes in

the parameter values. The welfare differential between the full commitment
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and no commitment intervention equilibria is similar in magnitude to that
between the no commitment intervention and free market equilibria for many of
the parameter changes. However, a decrease in the time rate of discount
raises the value of full commitment relative to no commitment
disproportionately. This is because the consumer surplus associated with
foreign monopoly production on (:z,t?) rises as demand declines more gradually
over time, so that the value to keeping the foreign firm in is high.
Similarly, as the ratio of home to foreign fixed costs rises from 1.5 to 3 in
the base case, the value of full commitment rises, while the welfare gain from
no commitment intervention over mnenintervention goes to O.

The sensitivity of welfare to changes in the fixed cost differential is
worth examining in greater depth. Figure 4.5 shows the sensitivity of the
welfare differential between full commitment and no commitment intervention
(FC-NC), and between no commitment intervention and the free market (NC-FM) to
increases in the size of the fixed cost differential.

When the firms’ fixed costs are very similar, the welfare gain from
intervention is high regardless of the government’s commitment power because
reversal in the order of exit is welfare-enhancing and easily achieved. The
reduction in market life from reversal and the corresponding consumer surplus
loss are small, while home monopoly profits are high. As the size of the
fixed cost differential rises, the increase in welfare from no commitment
intervention over nonintervention falls, eventually going below 0, while the
value of commitment rises significantly. Between 1.5 and 4.5, the fixed cost
differential is sufficiently large that the first-best policy is to retain the
foreign firm as a monopolist in the final periods, but it is not large enough
that the home firm is induced to drop out in the no commitment equilibrium.
Notice that in the region between 3.2 and 4.5, no commitment intervention

actually reduces welfare. As the ratio of home to foreign fixed costs

34



approaches 4.5, the net welfare gain from no commitment intervention rises,
and the additional benefit to full commitment declines. In this region, the
fixed cost differential is sufficiently large that the home firm is forced out
in the no commitment equilibrium, and the no reversal outcome is first best.

There is a similar switch in the pure production case, although here
reversal is always welfare-maximising, so that no commitment intervention
reduces welfare whenever the fixed cost differential is sufficiently large
that reversal is not attained. The welfare differentials are shown in figure
4.6. When the fixed cost ratio is below 1.7, intervention under no commitment
reverses the order of exit, so that the home firm secures the monopoly
profits. The welfare gain over the free market equilibrium is high, and there
is no additional value to commitment power. As the fixed cost ratio rises
past 1.7, and the home firm’'s subsidy-adjusted duopoly critical point declines
relative to foreign, the anticipated cumulative monopoly profits of the
foreign firm offset its duopoly losses under the no commitment subsidy level
on the shortened interval, so that the foreign firm is able to stay in and
secure the monopoly position. Thus, for a fixed cost ratio above 1.7, no
commitment intervention lowers welfare, and by an increasing amount. The
value of full commitment is rising in this range because the fixed cost
differential is still sufficiently small that a government with full
commitment could force the foreign firm out with a prohibitive subsidy. The
value of full commitment begins to fall when the fixed cost ratio reaches 2.5,
because the home firm's monopoly exit time is sufficiently early that the
foreign firm is viable under any subsidy level.

In sum, the simulation makes clear that the home firm receives more
protection than is socially optimal in the absence of government commitment
power. In the home consumption case, the effect of the protection is to

secure the monopoly rents for the home firm at the expense of higher social
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surplus associated with foreign monopoly in the final periods, when the fixed
cost differential is large but not enormous. In the pure production case, the
effect of no commitment intervention may be to reduce welfare when the fixed

cost differential is sufficiently large that reversal is not achieved.

V. Exit with Reciprocal Intervention

So far the analysis has focused on unilateral intervention, but an
essential feature of trade disputes in many declining industries is that they
take place in a multimarket setting with intervention by more than one
government. Accordingly, this section considers the effect of reciprocal
intervention in a two-market setting, where there is production, consumption,
and a potentially interventionist government in each market.

The inclusion of a second market and reciprocal intervention introduces a
direct link between the distribution of and each govermment's ability to
influence the firms' relative strategic positions. Accordingly, the analysis
assumes that the instruments and the commitment power of both governments are
the same, in order to focus attention on the effect of differences in demand
shares.

Several interesting conclusions emerge. The equilibrium order of exit
depends significantly on the relative demand shares in each market, as well as
on the firms' fixed cost differential., When tariffs are imposed reciprocally,
a large share of demand in a firm's export market relative to its own market
weakens its strategic position; the tariffs are used by the rival government
to extract rents from the firm in return for access to the demand in the
export market. In equilibrium, both governments always intervene, and, as in
the single market case, the effect of tariff intervention is always to
truncate the life of the market. It may also reverse the free market order of

exit, but reversal is less likely to occur under reciprocal than unilateral
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Intervention, all else equal. This {s because the government's dynamic
inconsistency problem caused by its lack of commitment power vis-a-vis the
local firm is lessened by the countervailing intervention of the second
government.

When the governments intervene using export subsidies, relative demand
shares contlnue to play a strategic role, but it is opposite to that under
tariffs. Since export subsidies provide privileged access to the export
market, a large relative demand share in the export market confers a strategic
advantage. Here again, the equilibrium order of exit may be reversed under
reciprocal intervention, but it is less likely than under unilateral
intervention. When there is reversal, the 1ife of the market is truncated,

and the free market 1life is preserved otherwise.

v. 1. Free Market Equilibrium
First the free market equilibrium with two markets is derived under the

following assumptions:

Al" Demand is divided between the home and foreign markets. The demand
function in each market is multiplicative in the level of demand:

i i i i -1, 1,1 i,1
(5.1) Q7 (p,t) = a £(t)g(p) ====> p"(Q",t) = g (Q /a £(t)) = B(Q /a f(L)),

where i=h,f, and ai denotes the level of demand in market 1.

Al2 There are mo transport costs for the firms, but the marginal cost to

consumers of reselling the good in the other market is prohibitive.17

By assumption 12, there is no interdependence between the two markets in the

17 Assumption 12 implies there is perfect arbitrage on the production side and
perfect segmentation on the consumption side. This can be interpreted as a
significant sunk investment in market-specific distribution networks.

37



ocutput decisions of each firm. The sole interdependence is in the
determination of the firms’ exit times. Thus, the firms choose quantities to
maximise profits in each market separately.

The multiplicative form of the demand function ensures that the
profit-maximising output choice can be normalised for the market level of
demand, ai, in addition to the normalisation for time that was used in the
single market case. Call x the normalised equilibrium duopoly output produced
by a firm for sale in its own market. Thus, home's normalised equilibrium
duopoly output for the home market, and foreign’s normalised equilibrium
duopoly output for the foreign market are:

(5.2)  x=qi /D) - [e-p@/talE())) ] /p for 1-h,f
where qgj denotes firm i's ducpoly sales in market j. Similar expressions
define the normalised equilibrium levels of output produced for export by each
firm under duopoly, y; total output in each market under duopoly, z; output
produced for local consumption under monopoly, X; and output produced for
export under monopoly, Y.

The level of profits is then multiplicatively separable into three parts:
a normalised instantaneous unit profit function, a market size parameter, and
the time component of demand. Firm i's normalised duopoly profits in its own
market are:

(5.3) x?i- n(x,y) = = (qii,qji,t)/(uif(t)) for i-h when j=f and conversely
and normalised duopoly profits in firm i's export market are:

(5.4) xgj- x(y,x) = x(qgj,qﬁj,c)/(ujf(t)) for i=h when j=f and conversely
Similar expressions define normalised monopoly profits in firm i’s own market:
(5.5) x?i- x(X,0) = x(q?i,o,t)/(uif(c)) for i-h when j=f and conversely
and normalised monopoly profits in firm i's export market:

(5.6 AMa xr,0) - 7(@,0,6)/(ad£(t))  for i-h when J=f and conversely

Firm i's total variable profits at time t are (ain§i+ajx¥j)f(t), for u-m,d.
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Perfect arbitrage on the production side ensures that the variable
monopoly profits of the two firms are equal in the free market equilibrium,
and likewise for their variable duopoly profits. Firm i's critical point
under market structure b, T?, is defined by the time at which its joint
variable profits from both markets just cover its fixed costs. As in the
single market exit game described in Section III, the sole determinant of the
free market equilibrium order of exit is the firms’' relative fixed costs.
Given kh>kf, home’s critical points precede those of foreign under both

and

monopoly and duopoly. Thus, in equilibrium, home leaves first at Tg,

foreign monopolises the market until monopoly profits go to 0 at T:.
v. 2. Intervention with Tariffs

Next a government is introduced in each country. As in assumption 10‘,
each government may levy a specific tariff, r, on imports. The governments
are assumed to choose tariffs simultaneously each period, after the firms’
participation decisions but before their output decisions.

These assumptions are sufficient to solve for the tariff-adjusted
critical points of the two firms. I proceed by defining the equilibrium
profit and tariff levels. Solving for profit-maximising quantities under
reciprocal intervention yields two normalised variable profit levels under

duopoly - the profits of a firm in its own market where it is protected by a

tariff, xf(r), and the firm's profits in its export market, where it pays a
tariff, x9(r):

(5.7)  7h(r) = [B(z(r)-clx(r) = (c-B(z(r))’/p’

(5.8) %) = (BGa(r)-corly(r) = (ctr-(alr)) /-

Similarly, a monopolist exporting to a protected market earns normalised
variable profits of RT(T)Z

(5.9) AN(r) = [B(Y(r))-c-r]Y(r) = (e+r-B(Y(r))2/P"
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and a monopolist selling to its own market earns normalised variable profits
of wi(r), which are just its free market profits:

The welfare function for each country is the same as (3.4), multiplied by
the level of demand, with the addition of profits from the second market.
Again, since the governments have no precommitment power, and cannot influence
the exit decisions of the two firms directly, they set tariffs to maximise
instantaneous welfare rather than welfare over the entire horizon. The
equilibrium tariffs,in each market are the same as those defined in equations

(3.5) and (3.6), 1~

*
a and rm; they are invariant to the addition of a second

market, due to the multiplicative nature of demand and the independence of the
firms’ output choice in each market.

The normalisation of the profit functions and the equality of the tariff
levels simplify the comparison of the critical points. Differentiation of the
monopoly profit functions with respect to r establishes that:

(5.1 AT > ARG

Assuming that the good is a strategic substitute so that reaction functions
are downward sloping, differentiation of duopoly profits yields:

5.12) e > 2eh

Recall that whenever the order of both pairs of tariff-adjusted critical
points is the same (as in cases RB and N), the firm with the lower critical
points exits first at its duopoly critical point, and the remaining firm
prevails as a monopolist from that point until its monopoly exit time. When
the order of the pairs differs (cases RD and RM), the equilibrium order of
exit depends on the cumulative value of duopoly losses relative to anticipated
monopoly gains, as well as on the relative positions of the critical points.

Call firm i's critical point adjusted for tariffs under market structure
u, ;?. The monopoly critical points are determined by the equations:

(5.13) f(T:)[ahxf(r:)+afx?(f;)1 -k
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f(r?)[afxf(1:)+ahxf(1:)1 -k,

Notice that in the two-market case, there are two key parameters determining
the order of the critical points: the relative demand shares and the fixed
cost differential. To focus on the relative demand shares, take the case

where the two firms are symmetric in their fixed costs. With equal fixed

f

A A
costs, the sign of T:~T2 is the same as that of ah-a . If, for instance,

a"<af, then by (5.11) and (5.13)
(5.14) kh/f(§§) - [ahxf<r:)+afxT<r:)] < [afxf<r:)]+ath<r;) - k/E(TD

m
h

function. The same relationship between the relative demand shares and the

~ ~
which implies T, < T?, since fixed costs are equal, and f(t) is a decreasing
order of exit times obtains under duopoly when fixed costs are equal,
Briefly, if ah<af, then from equation (5.12) we have:

h d, * f

(5.15) kh/f(T:) - [ahxf<r;)+afx?<r§>] < (@' () a ni(r:)] - kf/f(Tg)

Ag A

which in turn implies T:<T2A

Under reciprocal intervention the firm in the market with the larger
demand has larger monopoly and duopoly variable profits. Given equal fixed
costs, the firm in the market with the larger demand is viable longer under
both market structures, and therefore secures the monopoly position in the
restricted trade equilibrium. The privileged access to the larger market
confers a strategic advantage.

When both the fixed cost wedge and the demand shares work to the
advantage of the same firm, the outcome is similarly determinate and
favourable to that firm. Again the firm in the larger market prevails, and
again the free market order of exit is preserved. This outcome also obtains
when demand shares are equal and the fixed costs alone differ. With equal
demand shares, the profits of the two firms are affected symmetrically by the
tariffs, so that fixed costs are the sole determinant of strategic advantage.

In the case where the larger fixed cost firm is located in the country
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with larger demand, the advantage on the demand side may outweigh the
disadvantage on the cost side, so that in equilibrium the order of one or both
pairs of the critical points is reversed. Whether the order of each pair of
critical points is reversed depends on the relative magnitudes of the
difference in the fixed costs, demand shares, and profits of the protected and
the tariff-paying firms in a complicated way. The reversal of one pair of
critical points by the imposition of tariffs does not necessarily imply the
reversal of the other pair, sc that the equilibrium order of exit may also
depend on the cumulative value of duopoly losses as against monopoly profits.
Thus, the effect of the tariffs could fit any of the four cases described in
Section III (RM, RD, RM, and N), and either of the two associated equilibria
(reversal and no reversal) is possible.

Thus, in the presence of reciprocal intervention, the effect of an
increase in the relative demand share in a firm's own market is to strengthen
the firm’'s strategic position by raising its critical points relative to its
rival. The intuition is quite simple. In a state of excess capacity, the
viability of a firm depends on access to demand. The govermment, by
discriminating among firms in granting access to the demand in its market,
confers a strateglc advantage on the firm in its market. Loosely, when
tariffs are imposed reciprocally, the firm in the country with larger demand
benefits relatively more from the restrictions.

The introduction of a second interventionist govermment also tends to
lessen the likelihood of reversal of the free market order of exit, since the
profit-shifting effect of tariffs in one market is at least partially offset
by the tariffs in the other market. Only when the larger concentration of
demand coincides with the lecation of the larger firm does the possibility of
reversal arise. And even then, reversal is less likely than under unilateral

intervention, all else equal, because the relative benefits of protection are
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smaller when intervention is reciprocal.

Whether or not there 1s reversal of the order of exit, 1t is true in any
reciprocal tariff equilibrium that the monopoly exit time is curtailed
relative to the free trade time, since by equation (5.11), both firms’
monopoly profits are lower:

(5.16)  alx(r)+ada(r)<x (1) (a Lol an®(0) (alvad) —_— T‘:d":

for i=h when j=f, and the reverse. As in the single-market case, equilibrium
policy is suboptimal relative to that which would prevail with full government
precommitment. At minimum, both governments could do better by precommitting

to the zero-profit tariff level on the segment between the rival firm's

monopoly restricted and free-market exit times.

v. 3. Intervention with Export Subsidies

If both governments intervene through export subsidies rather than import
tariffs, a large demand share in a firm’'s export market confers strategic
advantage. As with tariffs, there may or may not be reversal with export
subsidies, depending on whether the demand share advantage reinforces or
countervails the fixed cost advantage. When there is reversal, the market
life may be truncated relative to the free market equilibrium.

Just as for import tariffs, I solve for normalised quantities and profits
in equilibrium under export subsidies. This yields two normalised variable
profit levels under duopoly: the profits of a firm in its own market when
imports from the rival firm are subsidised, x?(s), and the subsidised profits
of a firm in its export market, xi(s). Under monopoly, a firm selling to its
own market earns the normalised free market level of profits, x?(s)-xm(O),
profits from subsidised exports are *T(S)-

Agaln, since the governments cannot affect the firms’ exit decisions

directly, they set subsidies to maximise instantaneous welfare each period,
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The equilibrium subsidies are those derived in equation (2.15), s; under
duopoly and 0 under monopoly. Due to the stationarity of the subsidies and
the multiplicative nature of demand, the optimal duopoly subsidy is the same
in both markets. Assuming the good is a strategic substitute, differentiation
of the duopoly profit functions with respect to s establishes that:

5.120) <3 > s

Again, 1t 1s useful to isolate the effect of demand shares on the firms’
critical points. Since the equilibrium monopoly subsidy is 0, the free market
order of the monopoly critical points is maintained, Define gi as firm i's
duopely critical point adjusted for the equilibrium subsidy. Suppose kh-kf.
Then the monopoly critical points are equal, and the order of the duopoly
critical points is determined by the equation:

(5.15%) f(gg){ahx‘_i(s;)+afnf(52)] - ke f(g‘;)[afr‘_j(s’;)+ahxf(s;)]
Together equations (5.12') and (5.15') imply that the positions of the duopoly
critical points are inversely related to the relative demand shares.

In direct contrast to tariff intervention, strategic advantage 1is
conferred by a large relative share of demand in the export market when export
subsidies are imposed reciprocally. This is because export subsidies give
privileged access to demand in the export market, in contrast to tariffs,
which give privileged access to local demand. Thus, when the firm with
smaller fixed costs is located in the market with a smaller demand share,
rneither pair of critical points is reversed (case N), and the free market
order of exlt and terminal time are preserved.

When the firm with the smaller fixed cost is located in the market with a
larger demand share, there are two possible cases (N and RD). If the demand
disadvantage outweighs the fixed cost advantage, the subsidies reverse the
duopoly critical points (RD). The order of exit will be reversed if the value

of the cumulative monopoly profits of the small fixed cost firm on the
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interval following its rival’s duopoly critical point is swamped by its
cumulative duopoly losses on the interval between the two firms’ duopoly
critical points. The free market order of exit is preserved otherwise. Where
the subsidies narrow the gap between the duopoly critical points without
reversing them (case N), the free market order of exit and terminal time are

preserved.

VI. Conclusion

In this paper I have offered an explanation for the proclivity of
policymakers to protect marginally profitable firms in markets with declining
demand and excess capacity. In an industry where fixed costs are significant
and declining demand ensures that eventually only one firm will be viable, the
anticipation of monopoly rents stimulates protectionist pressures from the
disadvantaged, high fixed cost firm. As long as the government cannot
credibly precommit to allow the disadvantaged firm to fail in the future, the
firm will persist, confident that if it does so the government will find it
optimal to erect protective barriers when the future date arrives.

I model this phenomenon in a duopoly exit game, and find that the
government always intervenes to protect its firm in equilibrium, and that the
equilibrium policy is not first-best. In the most transparent case, where
firms export to a third market, unilateral intervention may reduce welfare by
prolonging the duopoly tenure of the strategically disadvantaged home firm
without in the end securing the monopoly position.

When consumption is concentrated in the home market, the path of tariffs
chosen by the government in the absence of precommitment power is similarly
suboptimal relative to that under full precommitment, and may reduce welfare.
The effect of the tariffs is to reverse the equilibrium order of exit in many
cases, and to truncate the period during which production takes place and

prolong the home firm’s productive life in all cases. Reversal is more likely
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the smaller is the fixed cost differential, and truncation is more severe the
more rapidly demand is declining and the more extreme is the reduction in
foreign profits from the optimal tariff, all else equal.

When there is reciprocal intervention, the precommitment problem is
overlaid by the strategic interaction of the governments. The net effect is
that both governments always intervene in equilibrium, and the market declines
faster than it does in the free market equilibrium. However, reversal of the
free market order of exit is less likely than under unilateral intervention,
all else equal, because the presence of countervailing intervention lessens
each domestic firm’s commitment power vis-a-vis its own government. The
intreduction of a second gevernment highlights the importanceof relative
demand shares in determining the order of exit, in addition to the fixed cost
differential. With reciprocal tariffs, it is strategically advantageous to be
located in the larger market, since tariffs give privileged access to own

market demand, while with export subsidies the reverse is true.
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