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NONTECHNICAL S Y

In recent years countries have invested significant amounts of
political capital in efforts to coordinate trade and industrial policy.
Examples include the recent U.S. - Canada free trade agreement and the
European attempt to complete the EC internal market by 1992. The
design of welfare improving policy reform is complicated by the
presence of policy-induced distortions and by the imperfectly
competitive nature of many industries. This paper examines
complications that arise when reform is carried out under conditions of
imperfect competition.

The principal conclusion of the analysis is that limited
cooperations, as occurs in customs unions, may be worse for members of
the union than no cooperation. This possibility arises because
comparison of welfare in the two situations (with and without
cooperation) amounts to a comparison of two second-best equilibria.

We model the situation where the countries that form the union (i.e.,
cooperate) attempt to coordinate production and export tax policy, and
in that way to alter the incentives faced by imperfectly competitive
firms. By assumption, these firms produce for export only.

The first model considers the case where n firms, each of which is
identified with a single country, choose output, taking their rivals’
output and trade policies as given; the exporters compete for the
market of a third country. Governments have an incentive to subsidize
domestic production to increase the domestic share of oligopoly
profits. Countries that form a union internalize a portion of the
negative externality that their subsidy has on industry profits. The
union members can not credibly commit to using the subsidy that they
would have chosen had the union not been formed. Consequently, a small
union may be worse for the member countries than no union.

In the second model we analyze the case where two large countries
(firms) produce for export to the Rest of World, where the excess
demand is a fixed function of price. The cost of production in each
exporting firm depends on a previous decision, such as investment in
capital or R & D. Prior to selecting the production policy,
governments choose an investment tax or subsidy non-cooperatively; this
affects investment, which is chosen prior to the announcement of the
production policy. Cooperation in setting production (export) taxes
alters the incentives in setting investment policies; this is the
source of the possibility of disadvantageous cooperation.

A third model show that the above conclusions tend to be
strengthened if the excess demand function in ROW is endogenous, as may
occur is investment decisions in ROW depend on whether or not a union
forms.

Movements toward cooperation are achieved by costly negotiations.
These negotiations are entered with the understanding that a completely
cooperative agreement is unlikely to emerge. There is, however,
usually the implicit belief that partial cooperation represents a step
in the right direction. This belief is too optimistic. Partial
cooperation can be worse than no cooperation.
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The -Welfare Effects of Imperfect Harmonization

of Trade and Industrial Policy

Introduction

In recent years several countries have invested significant
amounts of political capital in efforts to coordinate trade and
industrial policy. Examples include the recenti U.S.-Canada free trade
agreement, and the European attempt to complete the E.C. inte_;{‘nal
market by the year 1992. The design of welfare improving policy -
reform is complicated by the presence of a large number of
policy~-induced distortions and by the imperfectily competitive nature
of many industries.

The question of' policy reform in the presence of fixed distortions
when markets are competitive is a well-studied problem in the theory
of the second best. Recent contributions to the literature include
Hatta (1977), Fukushima (1979), and Dixit and Newbery (1985). The
general conclusion is that the nominal reduction of a set of
distorﬁons, holding other distortions fixed, does not necessarily
improve welfare. This conclusion, wl';ich arises because the reform
occurs .— in a second-best _erl}/ironment, certainly survives the
introduction of imperfect compeltition.

This paper examines additional complications that arise when
reform is carried out under conditions of imperfect competition. This
subject, which is of general theoretical interest, is also of immediate
practical interest due to the current attempls lo harmonize European
trade policy.

The principal conclusion of the analysis 1is thal limited

cooperation, as occurs in customs unions, may be worse for members



of the union than no cooperation. This possibility arises because
comparison of welfare under the two situations (ﬁo cooperation and
partial cooperation}) amounts to a comparison of two second-best
equilibria. Such a comparison is, in general, ambiguous. An
equivalent explanation of the result is that different degrees of
cooperation induce different games. A comparison of the equilibria of
these different games is, in general, ambiguous. In view of these
remarks, the possibility that limited cooperation may be
disadvantageous is not surprising. The contribution of this paper is -
to identify circumstances ﬁnder which the possibility is likely.

We restrict attention to partial equilibrium models. This greatly
simplifies the analysis and has the added advantage of allowing us to
concentrate on the role of imperfecit competition in a single market in
determining Lhe welfare effécts of limited cooperatioﬁ among
governments. A general equilibrium model would introduce two types
of complications which would obscure the main point. First,
distortions in other markets would influence the welfare effects of a
policy'change in the market under study. This raises the types of
second-best considerations %’amiliar from the study of competitive
markets‘,ﬂl alluded to above. Second, a general equilibrium framework
makes it necessary to consider the effects on, for example, the factor
markets of imperfect competition in the product market. Although
both of these types of complications are important, it seems
reasonable to begin with a partial equilibrium model. This leads to a
clear understanding of the direct welfare effects in the primary
market,

We consider the case where the countries that form the union

(i.e., cooperate) attempt to coordinate trade policy, and in that way



to alter the incentives faced by imperfectly competitive domestic
industries. By assumption, these industries, each of which is treated
as a single firm, produce for export only. This simplifies the
analysis by making it unnecessary to take into account consumer
welfare. Since export enhancement appears to be an important
objective of many governments, and since relatively little weight is
apparently attached to consumers’ interests, the assumption provides
a reasonable starting point. .

We analyze three wvariations of a partial equilibrium trading
model.{1)  These variatiohs illustrate different reasons why Ilimited
cooperation may be worse than no cooperation for members of a
union. For each of the models, we study complete information
subgame perfect quilibria.

Section 1 considers the case where n firms, each identified with
a different country, choose output, taking their rivals’ output and
domestic trade policies as given. Governments have an incentive to
subsidize domestic production in order to increase the domestic share
of excéss profits [Brander and Spencer, (1985)]. Each country’s
subsidy has a negative externality on other countries. Union
membersﬁ internalize a portion of these externalities, making it optimal
for them to decrease the subsidy; a sufficiently large union will tax
its members. In equilibrium, members’ welfare is non-monotonic in
the size of the union! a small union may be worse for countries than

no union. This is one sense in which partial cooperation may be

(1) This partial equilibriuin model can be interprelted as a simple
general equilibrium model in which each nation’s utility function
is of the form U(x) + 2z, where z is the numeraire commodity.
The exporting nations export x and import the numeraire. In
such a model, income effects arc absorbed by z.



disadvantageous compared to no cooperation.

This conclusion extends the result that horizontal mergers may
be disadvantageous [Salant et al.(1983)]. It may seem that since the
feasible set of actions of a union includes the sets of feasible actions
of Qach member, the agreement to cooperate could not lower welfare.
This reasoning is incorrect, and illustrates why intuition gained from
optimization problems does not carry over to gamés. The equilibrium
in the game without a union is not a perfect equilibrium of the game
with a union. |

In the second sectionA we analyze the case where two large firms
(countries) produce for export to the Rest of World (ROW). The
excess demand in ROW is a fixed function of price. For example,
production in ROW may be 0, or it may be positive but competitively
determined. Since the wunion consists of all non-competitive
producers, the source of disadvantageous cooperation in the previous
model is now ruled out. The cost of production in each firm depends
on a previous decision such as investment in capital or R&D. In this
sectioﬁ we assume that ROW’s investment is exogenous. This
assumption is relaxed in the subsequent section. As in the first
model, c.:—ountries use a production subsidy if they do not ccoperate
and a production tax if they do cooperate. In either case, we assume
that prior to seleclting the production policy, governments choose an
investment tax or subsidy non-cooperatively; this affects investment,

which is chosen prior to the announcement of the production



policy.(z)

This model describes important features of the problems faced by
negotiators attempting to harmonize European trade policy by 1992
[Gatsios and Seabright (1988)]. Considerable progress has been made
in reducing barriers to trade; however, there has been less progress
in reaching agreement on issues concerning state aids and investment
policies. In the context of its 1985 White Paper "Completing the
Internal Market", the European Commission promised to prepare a
special paper dealing wi_th the problem of state aids. This paper was -
to have been published ih 1986. It has not yet been prepared. In
fact, it was not until February 1989 that a comprehensive survey
appeared regarding the extent of state aids in the Communily
[European Commission (1989)]. The problems commonly associated
with reaching agreement on coordination of output tax/subsidies are
even more severe when dealing with investment policies. The latter
policies are difficult to define and to monitor. For example, if an
industry receives a bank loan which is later forgiven, it is nearly
impossible to determine whether this constitutes an investment
subsidy; the question turns on the firm’s subjective probability, at
the timeﬁ the loan was made, of being forgiven the loan.

We show that the failure to choose investment policies

cooperatively can erode the benefits of selting production policies

(2) Spencer and Brander (1983) studied this model, butl they did not
analyze the equilibrium we have described. They considered the
case where a single country chose an investment and then a
production policy sequentially, and also the case where both
countries chose both policies noncooperatively at the initial stage
(before investment by the firms), The timing of the decisions is
critical; for the reasons discussed in the text, we believe that we
have selected the more plausible ordering of decisions.



cooperatively. “Indeed, the countries’ welfare may be higher when
they set p;'oduction policies non-coqperative]y. The reason for this
is that the degree of cooperation in choosing production policies
influences the incentives that the countries have in choosing their
invgstment policies. Cooperation in setting production policies
involves a tax on production. This discourages investment
undertaken by the firm. However, even when production policies are

chosen cooperatively, each nation’s profits increase with its own
2

production, given the level of investment. Therefore cooperation in -

choosing the production ‘policies is likely to cause each country to
subsidize investment. Non-cooperation in choosing production
policies, on the other hand, involves a subsidy on production. This
encourages investment by the firms. In this circumstance Lthe
noncooperaiive choice of investment policy is likely to entail an
investment tax.

For a given level of investment, cooperation in setiing production
policies induces the optimal level of output; this is the obvious
source'of gains from cooperation. However, as suggested above, it is
plausible that cboperation in choosing production policies leads to
larger .x:nvestment subsidies than is the case where production

policies are set non-cooperatively. Moreover, this effect can be so

pronounced that in the former regime the equilibrium level of

investment, as well as the investment subsidy level, is greater than
in the latter. Consequently, it may be the case tLhat the
inefficiencies associated with a larger level of investment outweigh
the benefits associated with choosing produétion policies
cooperatively. We establish this possibility using a linear model.

In the third model we allow ROW, as well as the exporters, to




invest. Therefore the supply function in" ROW and, consequently, the
excess demand facing the two exporters, depends on whether or not
the exporters cooperate in setting production policies. For example,
producers in ROW know that if the countries cooperate in setting
production policies, then they will choose an output tax; in this case,
for a given level of world investment, world output will be relatively
low and world price relatively high. This causes producers in ROW
to increase their own investment, causing the excess demand fac':‘ing
the two countries to _shift in. Pax;tial cdoperation may still be -
disadvantageous, for the same reason as in the previous model. In
the previous model it is clear that . complete cooperation (i.e.
cooperation in setting both producticn and investment policies)
increases the welfare in the wunion, relative to either partial
cooperation or to the complete absence of cooperation. Sux;prisirlgly
enough, in the present model complete cooperation may be worse for
the union than the complete absence of cooperation. (We establish
this result by means of an example.) In this case, monopoly power is
disadvéntageous. The reason is that under either partial or complete
cooperation it is very costly for the countri‘es to discourage
investmént in ROW, since the}f c;‘_annot credibly promise to keep price
low except by investing heavily.

The motivation for studying these three models is thal the
degree of cooperation between nations is not exogenous. Rather,
movements towards cooperation are achieved by long and generally
painful negotiations which involve considerable political risks. These
negotiations are entered with the understanding that a completely
cooperative agreement is unlikely to emerge. There is, however,

usually the implicit belief that partial cooperation represents a step



in the right direction. This belief is too optimistic. Partial
coope‘ration may be worse than no cooperatio_n.

The next three sections develop the models discussed above and
establish the results we have outlined. The conclusion provides our
assessment of the practical importance of the results and elaborates

the connection between this paper and earlier work.

1. A One Period Model

K1)

This section studies av model in which world production is ~
non-competitive and countries use production ' tax/subsidies to
increase the level of profits accruing to the domestic industry. This
attempt to increase national profits reduces aggregate (world)
industry profits. A union consisting of a group of countries
restrains their individually rational behaviour in a manner similar to
that of a group of firms which merge. A merger, if il accounts for
too small a fraction of the market, may leave the merged firms worse
off [Salaht el al. (1983)]. A similar possibilily arises if the union is
too sméll.

Suppose that there are n countries, in each one of which a firm
produce; a homogeneous product. Firms are identical and compete
for the market of an impoyt-ing country. In this siltualion each
government has an incentive to subsidise the exports of its domestic
firm; this increases iits share in the market of the importing
countries and shifts excess profits from its competitors to itself,
[Brander and Spencer (1985)].

In the second stage of the game, firms choose Lheii‘ output levels

X, to maximise profits T, treating subsidies s parametrically. We
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3 m.
1

assume that the second order conditions hold, i.e. a, = — < 0 Vi,
ax;
and that for stability the matrix obtained from totally differen-

tiating the first order condition is diagonal dominant, i.e.
: azni

a; + (n - l)bi < 0 Vi, where bi = -a—<-1-a—\J- .
Now, suppose m < n countries form a union and choose their

common subsidy to maximise joint welfare. The impact of a union’s

subsidy on the output level of its members is given by [see BRixit

(1986)1]
3x
i 1 a+ (n-m-1)b .
Bsm - a->b a+ (n-1)b >0, viem (0

For m = 1 equation (1) gives the effect on output of the subsidy in a
degenerate one-member coalition.
The impact of a union’s subsidy on the output of non-members is

axk mb

5~ a-Ba+r@-De <O Ykelom Y

Hereafter the subscript i indicates a union member and k indicates a
non-union member.

The optimal subsidy of a m-member union maximises joinl welfare

Wm = mwi, ie m, by symmetry, where Wi = ﬂi - s, . Therefore
awm awi
Pl 0 & Fral 0. Hence, for i, j €m and k € (n - m) we have
m m
awi ani axJ ani axp axj
- ’ _ : . . A - -
as (m - 1) 3x. Jds bo{n-m dx, Jds S 3 0
m m k m m
ax . awi
which implies, by noting that 521 = 554 by symmetry, that
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(3)

The sign of s;: depends on the sign of the square bracket, since

am. ax, .
axl < 0 and §;l > 0. After routine manipulations and by using (1)
-i m

and (2) the expression in square bracket becomes (m - 1)a - (n - 1)b.

For m % [a + (n - 1)b]/a we have s } 0. 1If the members of the
coalition exceed a crucial number, the optimal policy of the union is
to tax rather than subsidize exports [see! also Dixit (1984)]. 1In the -
case of linear demand, for instance, export taxes will be used if

m 2 (n + 1)/2, since in such a case a = 2P° and b = P~.

We now show lthat for an arbitrary (common) subsidy by
non-union members, the best response by the union entails a lower
subsidy than the m individual countries, each acting on ils own,
would have chosen. This follows by noting that (see Appendix A for
the derivation)

1 1 ~-~my >0,

aW. am, dx.1-1
i - i i ) .
i [ast (a - b){a + (n - 1)b]

Fr Eg

ils.=s¥
i “m

aﬂi axi .
since Frv < 0, a—s—-?'o, a—-b <0, a+(n-1)b <0 by

diagonal dominance, and m > 1.

[Figure 1 about here]

This implies that the equilibrium subsidy of a union with m > 1

members is less than the common subsidy used by the m members in



11

the equilibrium without thq union. Figure 1 illustrates this point.
The vertical axis gives the common subsidy of the non—members, S0
and the horizontal axis gives the subsidy of the m (potential) union
members. The curve sk(-) shows the equilibrium subsidy of the
non-members. This curve is obtained by finding the symmetric Nash
equilibrium to the non-cooperative game among non-members, for an
arbitrary common subsidy by the m potential ;xnion members. The
dashed curve sm(-) shows the best response of the m~member union
to an arbitrary subsidy by non-members. The curves are downward
sloping since the goods are homogeneous {(and therefore substlilutes);
the stability assxllmption implies the relative slopes of the curves at
the equilibrium. The curve si(-) graphs the symmetric Nash
equilibrium to the non-cooperative game among the m potential union
members, for an arbitrary common subsidy by non-members. By the
previous inequality, this curve lies to the right of the union’s best
response function. Therefore, if the union forms, the new
equilibrium involves a higher level of subsidy set by Lhe non-union
members.

The next step is to show thal the welfare of an m member union
is a decreasing functiorz of th’e subsid;_r set by non-members. -This

follows from the inequality (see Appendix A for the derivation)

3w, 31, 3x.1-1
— DU S i ) 1 ¢ o
LN R S S CEW CEICERCES)

“m~m

The possibility of losses from cooperation is shown in Figure 2.

[Figure 2 about here]
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W; denotes the joint welfare of the m countries, as a function of the
subsidy level set by the countries outside the union when the former
create a union; W:; gives the joint welfare of the m countries when
they do not create a union. By the optimality of s:], W; lies above
W;. Since sli > sﬁc, where ,Sli (respectively sI}:) denotes the
equilibrium subsidy of thé~ countries‘ outside the union when the m
countries form (respectively, do not form) a union, we see that it is
possible that the joinf welfare of the m countries is higher when they
do not cooperate rather than when they do.

To show that this bossibility can indeed exist we need more

structure in the model. Suppose the demand is given by

P = 1-L«x.,
. 1
i

where by the choice of units of hoth prices and quantitics we sel
the demand slope and intercept equal to 1. If m < n couniries form

a union the non-cooperative equilibrium in output space is given by

l1-c+ns -(m-1)s - (n - m)s
. J
m m k

=
4
1
-~
~

17 n+ 1
where i € m and k € (n - m).
The optimal policy of the union (equation (3)) is now given hy

X. + 1 -2
% xl(n 1 m)

*m n-m+1 (5)

L 4
Clearly s* £ 0 .ffm £ ong L . Settingm = 1 in the above

formula gives the optimal policy of each country k outside the union,

s]t - x,n—l > 0 for k € (n - m). (6)

Using (5) and (6) in (4) gives the subgame perfect equilibrium output
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levels,

X; = Inn+2-m) + (1 —m)J(1 - c)/md , for i €m (7)
where A = (n2 + 1)(2+n-m) + 2n(l - m) , and

X, = n(n + 1)(1 - c)/A , for ke (n~-m (8)

For m =.1, Xy = Xpo the equilibrium output levels when there is no
cooperation and each nation acts independently.
Routine calculations using (7) and (8), give the profits net of

subsidy payments received by a firm in a m-member union
c 2 2 2, .2
Wo = oo+ 17+ (m+ D7 (1 -m] - c)/ms (9)

If there were no ccoperation (m = 1) the net profits of the same firm

would be

n 2 2 2 2,2 2
Wi = [nn+ DL - )/ma” = n(l - c3"/(n” + 1)

The joint welfare of the m countries, being the sum of net
profits accruing to their domestic firms, would be given in each case
by WS = mwS and w! = m W,

m i m i

Their difference is a function of m and is given by

f(m) = WS - W
m m

2 2,2 ..2 2,2 2 2
)" [(n+ L)%™+ D" (n+1-m) - mmdA~]/A"(n" + 1)".

= (1 -
This is a cubic function in m. IFor m = 1 we have f(1) = 0. So
m = 1 is one of the three roots of the equation. For m = n, i.e.

when all n countries cooperate, we have
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1 - )% @ -1

> 0
a(n® + 1)@

f(n)

Cooperation by all exporting countries is beneficial. To obtain the

sign of the derivative of f(m) at m = 1 write f(m) as

_._(_%_-_‘?)_; g(m)
(n® + 1)°

f(m) =

B 2, 2 2 2,,.2 .
where g(m) = [(n+ 1)"(n" + 1) (n + 1 - m) - nmA"]/A". The sign of

f(m) equals that of g (m); but

, 2 2 2 . 4, .4
g'm) = - f{(n+ 10" +1)“a[a+2n+1-m]-na"]/a.

For m = 1 the numerator of g (1) is equal to

3

4 , 2 2
~(n+1)" (n"+1)" (n"-1@m-1) <0

Therefore, g (1) < O.

Since f°(1) < 0, f{(1) = 0, f(n) > 0 and f is a conlinuous function
in m, there must be some value of m, denoted m*, lying between 1
and n for which f(m*) = 0. This is unique since f(m) is a cubic
function of m and, therefore, the third root must lie outside the
domain (1, n). (Otherwige ther? would b_e four or, more general]&, an

even number of roots.) The function f(m) reaches its minimum at m.

Figure 3 below depicts the function f{m).
[Figure 3 about here]

We summarise the results of Lhe linear model in the following

Propositions.
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Proposition 1: For m € (1, m*) cooperation is harmful. Cooperation
is beneficial for the member-states only if the number of countries

forming a union is large enough (m > m¥).

Proposition 2: For those wvalues of m beitween 1 and m a further

(small) expansion of an eXisting union makes the situation worse for

its member-states.

2. A Two Period Model Without ROW Investment

We modify the previous model by assuming that there are only
two non—competitive firms and that firm i invests in capital, ki’
in the first period. Firm i’s (variable) cost function is now
ci(xi, ki), which decreases in ki and increases in X - ROW is
assumed to be competitive; in this case, cooperation by Lhe two
exporters represents a union by all non-competitive ageﬁts.
Consequently, the reasons for disadvantageous cooperation cannot be
the same as those in the previous section. Furthermore in this
section we assume that investment in ROW is fixed. This assumption
is relaxed in the next section. These assumptions imply that firm i’s
revenue net of subsidy _(i.e., ':social reYenue") can be wrillen us.
Ri(x); this is the revenue corresponding to NOW’s residual demand.
The ith component of the vector x is Ny - Hereafter we assume Lhat
firms 1 and 2 . are identical, and we consider only symmetric
equilibria.

In period 2 firm i chooses output to maximize gross revenue minus
variable cost, taking subsidies and ils rival’s output as given. This
non-cooperative game induces lhe veclor of outpul functions x = x(s,

k), where k is the vector of investment levels and s the vector of
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investment subsidies. As ‘before, we assume that the firms' best
response functions are downward sloping and ithat the standard
stability condition is satisfied. Therefore an increase in s; or in
ki increases Xy and decreases xj, J # i.

In period 2 country i chooses the output subsidy s; taking k as
given. Non-cooperative behaviour by the countries induces the policy
rule sn(k), and cooperative behavior induces the policy rule sc(k).
The superscripts n and ¢ designate, respectively, non-cooperative and
cooperative behaviour by the governments in_the second period. The
governments’ and the firms’ equilibrium behaviour induce the equili-
brium output fun-ctions xt(k) = x(st(k), k), for t = n, c; these
functious correspond to non—cooperation and cooperation between the
governments in the second period.

It is straightforward to show that s© <0« sn, as in the
previous model. If countries cooperate, they tax their domestic firms
in order to move joint cutput to the monopoly level. If countries
behave non-cooperatively they subsidize the domestic firm, in order
to capture the monopoly rents.

‘E‘ven under the assumptions that the Nash equilibrium is stable
and the countries’ best response functions are downward slopiné; in
subsidy space, the comparative stalics of Lhe model are ambiguous.
The reason is that the effect of k on the equilibrium level of s
involves second derivatives of the endogenous function x(s, k). The
results of this section are based on a linear example, so we make no
claim to generality. Before tlurning to the example we discuss the
intuition behind the results. In order to aveid having to consider
every possibility we adopt the following assumptlions, which make the

effect of an increase in investment on the production subsidy
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unambiguous:
azw. azw.
Assumption la §§T_%§, >0 > gﬁz_%gg , evaluated at sn(k)
2 2
Assumption 1b Eﬂf—g;; >0 > éﬂf—ggg , evaluated at sc(k).

where we define Wi(s, g) = Ri(x(s, k) - ci(xi(s, k)’kl) and

W(s, k) = W1 + WZ‘ Assumption la states that at the non-cooperative
equilibrium in production subsidies, sn(k), an increase in ki causes
an outward shift in the marginal profit to country i of an increase in
its own subsidy, and a decrease in the marginal profit to country j.
Assumption 1b states that at the cooperative cquilibrium in

production subsidies, sc(k), an increase in ki shifts out the marginal
Joint profit due to an increase in 55 and shifts in the marginal joint
profits due to an increase in Sj' It is possible to write the
assumptions in terms of the primitive functions (residual demand and
cosl) but the resull is too complicated to be illuminating. These

assumptions are plausible, hold for the linear modcl we discuss below,

and imply:

Proposition 3: An increase in ki causes an increase in the equili-
brium level of s; and a decrease in the equilibrium level of Sj’
regardless of whether or not the countries céoperate: ki and s, are

"strategic complements'.

Proof: 1If the counlries do not cooperate, the sign of 8ki/asi equals

the sign of [Ji] and the sign of 81(}./35i cquals the sign of |J, 1,
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where

[ 2 2 7 2 2 7
- 3 Wl 7 3 WI [. 3 Wl 3 Wl
aslakl aslas2 asi aslak1

Jl = s Jf) =
2 2‘ < 2 2
- 3 W2 3 Vz 3 W2 - 3 W2
9 =
] aszakl "351 ] ] aslaaz 8528k1 |

This follows from applying Cramer’s Rule to the comparative statics
matrix of the non-cooperative game between the governments in the
second period, and using the standard siabilily condition. By
assumption the best response functions of the governments are
downward sloping in subsidy space, so azwl/asiasj < 0. Using the
second order condition azwi/asf < 0 and Assumption la then implies
that |J1| > 0> |J,l. The proof for the case where the governments

o=

cooperate in setting production subsidies is similar.

An increase in ki causes the marginal cost of firm 1 to decrease.

If the production subsidies were held constant, the increase in ki
could cause output in country i to increase and ocutput in j to
decrease. The two assumplions guarantee thal under either regime,
the equilibrium choice of production subsidies encourages this
tendency.

In the first period firms choose investment levels. The social
cost of investment for firm i is vi<ki)' Firms pay the cost
Vi(ki’ d)i), where o, is the investment subsidy (a tax if negative) in
country i. In the case of constant marginal costs of capital, for
example, we haye v, = ki’ by choice of units, and V.L = (1 - mi)ki.

In the numerical example it is convenient to use a more general
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function.

The investment game between firms induces the equilibrium level
of investment, k = kt(o), for t = n, ¢, where ¢ is the vector of
investment subsidies, and, as before, the superscript denotes

non-cooperation or cooperation in_the choice of production subsidies.

In all cases we assume that the investment subsidies are chosen
non~-cooperatively., If firms’ best response functions are downward
sloping in investment space and if the usual stability condition holds
at the equilibrium, the comparative statics are as expected: an
increase in @i qauses the equilibrium level of ki to increase and
causes kj to decrease.

In period 1 country i chooses ¢i’ taking its rival’s investment
policy as given, and recognizing the effect its own action will have
on the finai equilibrium. That is, country 1 takes the investment tax
or subsidy in j as given, and understands how ils own investment
policy will affect investment levels, and thus indirectly affect
production subsidies and final output.. The non-cooperative
symmetric equilibrium in investment subsidies for the two regimes is
Ot, t = ¢, n.

The timing in the model is important (see note 2). The r;lodel
describes the situation where countries attempt to create institutions
which will permit them to cooperate on the choice of future trade and
production policies, These institutions must be sufficiently flexible to
accomodate future changes; therefore cooperative trade policy must
be conditional on factors which influence demand and supply. The
requirement of subgame perfeclion cnsures that the institutions do
not incorporatg ex post inefficiency. By assumption, the countries

are not able to negoliate an agreement on the choice of investment
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policies. This inability may arise because of monitoring problem's, or
simply because of the piecemeal approach adopted in negotiating
customs unions. Therefore the countries are not able to avoid the ex
ante inefficiencies caused by individualistic investment policies. The
question the model addresses is whether il is likely that a reduction
in ex post inefficiency (cooperation on production  policies)
exacerbates the problem of ex ante inefficiency to such an extent
that welfare decreases.

Designate Jt(k) as the joint social welfare minus the social cost
t t b
1 1~ Vas where Wi s wi(s (), k)

for t = n,c. Once again, we remind the reader that the superscript t

of investment: Jt(k) = W, + W:', - v
indicates whether or not there is cooperation in the second period; in
both cases the countries behave non-cooperatively in choosing
investment policies. Clearly, for any levels of investment, k,

Jc(k) > Jn(k). If countries were to cooperate on investment policies
in the first period they would be in a position to induce the optimal
level of investment by appropriate choice of investment policies. In
that case, second period cooperation would certainly increase joint
social welfare. However, il the countries choose investmenti policies
non-cooperatively, there is no_guarantee that cooperation on 011t:[)ut

policies raises their welfare.
Figure 4 about here

Figure 4 illustrates a situation where second period cooperation
lowers welfare. The borizontal axis gives k, the level of investment
, . e , . n .. C
in a symmetric equilibrium. The function .JJ lies below J°, for the

reason given above. The graphs are drawn as concave in k. Under both
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regimes non-cooperation in setting investment policies leads to- an
excessive level of investment in equilibrium, since each country
maneuvers for a favourable position in the second stage of the game.
Investment in country i has a negative externality on welfare in j.
At the non-cooperative equilibrium in investment policies country i
fails to take this externalily into account and therefore induces a
level of investment greater than the jointly optimal level. Figure 4

illustrates the case where Ec, the equilibrium level of investment

given second period cooperation, exceeds Kn, the equilibrium level of
investment given non-cooperation in the second period. The
increased inefficiency induced by second period cooperation more

than offsets the ex post increase in efficiency.(3)

Example: We show by example that the above discussion, which is
summarized in Figure 4, is quite plausible. Lel the world inverse

demand funclion be lincar: p =1 +8 - (xl + :<2}/2. Variable cost is
c; = [(l - « ki) + Y :<i/2]x.l. A unit increase in investment causes
the marginal cost curve to shift down by «; ¥ gives Lhe slope of the
marginal cost curve. The parameter 8 gives the amount by which the

demand intercept exceeds the marginal cost of the first unit of

production when investment is zero. The social cost of investment is

(3) The figure shows the investment at which J reaches its maximun
lies to the right of the investment that moximizes J". We regard
this as the likely situation, but it is not important to our
argument. If countries do not cooperate in setling the
production policy, a lower level of investmenl provides a partial
substitute for a commitment not to use large subsidies. This is
due to the assumption of strategic complementarity between
production subsidies and investment. This indirect commitment is
not needed when firins know that their governments will
cooperate in setling production policy.



quadratic in k: vy = (1 + p‘ki/Z)ki. There are two interpretations
for this function. The first is that the investment function incor-
porates nonlinear adjustment costs, given by p k?/Z; adjustment costs
are commonly invoked to explain why the level of capital stock is not
in long run equilibrium at every point in time, i.e., to explain why
adjustment is not instantaneous. The second interpretation, which
gives a general equilibrium flavour to the model, is that firms face
an upward sloping cost function of capital.(4) With f,he second
interpretation, @ gives the slope of the supply curve for capital. We
assume that countries use a unit production subsidy/tax and a unit
investment subsidy/tax, so that firm i's cost of investment is

Vi = (1 - ¢i -p ki/z)ki'

These functional forms are chosen for their simplicily, since the
objective is to demonstrate that cooperation in choosing production
subsidies can be disadvantageous. The formulae for the equilibrium
policy rules and the players’ payoffs are sufficiently complicated that
they defy closed form analysis even for these simple functions. This
is because there are four sieps (stages) in the game, and also
because the domain of the parameter values must be such as to
ensure that each agent’s programme is_concave. Fof example, ﬁ 15
necessary to choose ¢ not only posilive, but also sulficiently large to
guarantee concavity; this precludes simplifying the model by

examining the limiting case where p = 0. The equilibrium formulae,

(4) Given Lhe zecond interpretation of Vi the model could be

extended by assuming that there is a world market for investment
goods, so that A would depend on both ki and kj . This exten-

sion would be straightforward, but is tangentisal Lo our main
point. '
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and their derivation, are provided in Appendix B. For the resulis
reported below, Lhe parameters @, & @ and ¥ are chosen so that each
agent’s problem is concave and so that the decisions result in
positive prices and production and positive levels of k less than 1/«

(so that marginal cost of output is everywhere positive(s)).

[Table 1 about here]

Table 1 summarizes the chief results for a range of values of »,
the slope of the marginal. cost of production, and for the para;meter
values @ = 4, ¢ = 2, « = 1. For small values of Y, second period
cooperation is disadvantageous. If the marginal cost curve is very
steep, partial cooperfation benefits the members of the union.

The possibility of disadvantageous cooperation arises because the
incentives to overinvest are very sensitive to the production

subsidies. Whether or not the countries cooperate in the second

(5) This last restriction is unnecessarily strong. It makes sense to
consider levels of investment for which marginal cost is negative
at low levels of production, provided that at Lhe equilibrium level
of production marginal cost and total cost are both positive.
That 1is, since the Ilinear. model can be regarded as an
approximation, it makes sense to consider cases where the linear
marginal cost curve intersects the quantlity axis at a posilive
level. If we choose parameter values to satisfy the weaker
resiriction that marginal and total cost are positive at the
equilibrium (rather than positive for all levels of production),
results much more extreme than those presented in table 1 can
be found. For example, for € = 4, ¥ = .95, ¢ = 2 and « = 1.1
{rather than « = 1 as in Table 1), the equilibrium level of
investment under second period cooperation results in negative
marginal cost for low levels of production. However, alt the
equilibrium level of production both marginal and total cost are
positive. The ratio of social welfare wilh cooperation to social

. . > 1 N ~ .
welfare without cooperation (J*P/J*l) is then .71. Tor this
example, second period cooperation resulls in a loss of welfare of
almost 40%.
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period, the equilibrium production subsidy received by country i is
an increasing (linear) function of ki and a decreasing function of
kj' That is, Assumptions la and 1b are satisfied by the linear
model. In this sense, the governments’ intervention in Lhe second
period enhances the firms' incentive to invest for strategic reasons.
Although the qualilative effects are the same with and without second
period cooperation, there is a considerable difference in degree.

For example, for ¥ = .95 and the base parameler values shown”in
Table 1, when the countries do not cooperate, a $1 increase in ki
causes approximately a .07 (dollar) increase in the production subsidy
for i and a .02 decrease in the subsidy for j; when the countries do
cooperate, a $1 increase in ki causes a decrease of .18 in 1i’s
production tax (i.e., an increase in the negative subsidy) and an
increase of .35 in j's productio‘n tax.(8) The differcnce bet?veen the
two regimes (second period cooperation and non-cooperation}), in the
equilibrium incentives (i.e., the effect of investment on the
production subsidy), decreases with larger values of .

A small value of ¥y (i.e., a relatively flat marginal cost of

production curve) encourages high output; small changes in

(6) Notice that since the equilibrium subsidy rules are linear in k,
the results described in the text imply thatl asi/aki p -asj/aki

in the non-cooperative case. This means that the best response
function of government i intersects that of government j in
(Sj’ Si) space from above; that is, the standard stability

condition is met. Of course, it is not clear that this stability
concition has any relevance in a muliistage game, such as we are
considering. When the governmentis cooperate in the second

stage, the above inequality regarding the partials of s, and Sj is

reversed. However, when Lhe governments cooperate they solve
a maximization problem, so there is no gquestion of invoking a
stability condition at this stage.
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investment, which lead to changes in the marginal cost of production,
cause a relatively large reallocation in the jointly optimal implicit
quota for each firm. Since the firms behave non-cooperatively, this
requires a large change in the production tax (by which means firms
are induced to accept the implicit guota). The sensitivity (to
investment levels) of the production tax rule gives each government
an incentive to subsidize investment. When the governments behave
non-cooperatively in the second period the implicilt quota is anot
jointly optimal; in our example this has the effect of making the -
equilibrium production subsidy received by firm j less sensitive to
the level ‘of investment in firm 1. This lessens the governments’
incentive Lo encourage investment in the [first period. For large
values of ¥ the opti.{mal implicit quota is small and is less sensitive lo
changes in marginal cost caused by changes in investment. This
decreases the incentives governments have to subsidize investment;
in this case, second period cooperation is less likely lo be
disadvantageous.

Fof all the simulations we performed using the linear model,
second period cooperalion causes governments to  subsidize
investméfxt in the first period; second period non-cooperation causes
governments to tax investmeqt in the first periaad(T); that is
¢n < 0 < ¢°. This result is consistent with the previous discussion

on the governments’ incentives to tax or subsidize investment; the

(7) Spencer and Brander (1983) showed that if a single country used
a production and investment policy, they would subsidize
production and tax investment in a perfect cquilibrium. Thus,
our result shows that a non-cooperalive game belween
governments leads to the same type of behaviour, at least for the
linear model.
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result is also due to the fact that second period cooperation leads to
a production tax, whereas non-cooperation involves a production
subsidy. Under cooperation, for example, firms are discouraged from
investing due to the expectation of a production tax; the investment
subsidy offsets this effect.

In all the simulations, the equilibrium level of investment is
higher when there is second period cooperation; this is the case
regardless of whether joint welfare is higher under second pe}:iOd
cooperation. In addition, the output price is always higher under
second period cooperation; that is, the decreased cost, induced by
the higher investment, is not sufficient te cause output to be higher

under second period cooperation. The conclusion is that the

consuming nations are always hurt and producing nations are likely

to be hurt by second period cooperation.

The choice of units allows us to set the demand slupe and the
intercept of the marginal cost, when k = 0, lhoth equal to one.
Changes in 8, which alter the demand intercept, cause the equilibrium
level 6f investment lo change, but do not substantially alter the
relative advantage of second period cooperation.

For " small {ralucs of ¢ the maximization problem of some agent
becomes convex, and the game has no interior equilibrium. For large
values of p investment is very costly. In this case the inr.:em.ii'cs,'
created by second period cooperation, to subsidize investment, have
very little effect on the equilibrium outcome of the game, and sccond
period cooperation is advantageous for all values of ¥. This is ecasy
to see in the limiting casc of @ =+ o, where investment ‘is always zero
and cooperation in sectting production subsidies is equivalent to full

cooperation.



27

An increase~in the parameter « increases the value of a unit of
capital, since for large « an extra unit of capital causes the marginal
cost to shift down more. For small « capital has little value, either
to reduce costs or for strategic purposes. (For small « the subsidy
rule is not sensitive to capital; this is apparent from equation (B.4)
of Appendix B, which shows that capital levels and « interact linearly
in the subsidy rule). Therefore, for small x governments have little
incentive to subsidize investment, and second period cooperatio_gl is
not likely to be disadvantageous. This is easy to see in the limiting -
case where « -» 0; ther‘e, investment is zero and cooperation in
setting production subsidies is equivalent to full cooperation. For
large wvalues of « second period cooperation is more likely to be
disadvantageous s_ince the incentive to subsidize investment
increases. (See footnote 5) However, for very large values of « one
or more agent’s maximization’ problem becomes convex.

Keeping in mind the restriclions on the domain of &« p and ¥
discussed above, we summarize the comparative static results for the
linear 'model in the following proposition:

Proposition 4: TIf a unit of investment is very expensive (large p) or

not very effective in reducing costs (small «) there is little incentive
to invest and cooperation in setting only production policies is
unlikely to be disadvanlageous. If, on the other hand, investment is
either inexpensive or very effective in reducing costs, governments
create large inefficicncies by subsidizing domestic investment; these
efficiencies are exacerbaled by cooperation in sctt{ng production
policies, and such cooperation is likely to reduce welfare. TFor given

levels of p and «, second period cooperation is more likely to be
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disadvantageous “if the marginal cost of production rises slowly.

3. A Two-Period Model with ROW Investment

The previous section assumed that ROW’s investment was
exogenous, which meant that the excess demand funclion facing the
two firms was independent of whether the countries formed a union
which entailed setting trade policy optimally. This seclion assumes
that there is the possibility for investment in ROW, as in the two

"
exporting countries. In this case, the equilibrium level of investment -
in ROW, and hence theb excess demand curve facing the firms,
depends on both the level of investment by the two firms and on
whether the countries will cooperate in the second f)eriod. As in the
previous model, for given levels of investmeni by all producers, the
equilibrium price is higher when the exporting countries cooberate in
the second period; the reason is thal cooperation involves a
production tax. Therefore cocoperation in setting production policies
induces greater investment in ROW, for a given level of investment
by thé two firms: second period cooperation causes the excess
demand curve to shifl in. This effecct compounds the incentive
problemwdiscussed in the previous section, and makes it more likely
that partial cooperation is disadvantageous.

One way to see this is to replace the social payoff functions Jt
graphed in Figure 4 by the functions J*t(k, ki(k)), where ki(k) is
the equilibrium level of investment in ROW for a given common level
of investment, k, by the two firms, for t = c¢,n (which, as before;
correspond to cooperation and non-cooperation in setting production

policies). . Since ki(k) > k:(k), by the argument in the previous
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paragraph, and since BJ*t/akr < 0 (since én increase in kr shifts down
the residual demand curve facing the two exporters), the vertical
distance between J*© and J¥" tends to be less than the distance
between the functions in figure 4.A This tends to make second period
cooperation less advantageoﬁs. It may for example be the case that
for some values of k J*? lies above J*C. (This cannotA occur when
investment in ROW is fixed.) If this occurs where J¥“ reaches its

maximum then it may be the case that the couniries are worse.off

cooperating in _both periods than behaving non-cooperatively in both

periods.

In order to demonstrate this possibility, we take an extreme
example, in which J¥U 1ies above J¥C for all values of k(8). Suppose
that production in ROW occurs at constant marginal cosi, which for
simplicity we take to be 0, up to some capacity level; a unit of
capacity can be purchased by ROW for the constant marginal r:.osL. B.
Production in the two countries occurs under increasing marginal
cost, whiéh can be reduced by first period investment (as in the
previous section). This describes a situation where ROW is capable
of purchasing and storing a commodily at constant unit cost, B, and
where the two countries are'(;:i;pable of producing the good in the

next period.

[Figure 5 about here]

(8) A similar cxample was used by Karp (1988) to show that market
power may be disadvantageous when a dominant firm faces =
dynamic competlitive fringe with rational expectations.
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The only equilibrium price is B. Take an arbitrary level of
investment for the two countries and a corresponding marginal cost,
labelled MC in figure 5; MC is the marginal cost of producing the
total level of exports and thus represents an aggregation of the two
equrters’ marginal cost curves. (That is, MC gives the marginal cost
of a multiplant monopolist). If the countries cooperate in the second
period they will choose a tax to induce production at the point where

marginal revenue equals marginal cost. For this to result in the

2

price B, the excess demand curve must be the curve AB, shown in-

;ig_‘ure 5. If, on the other hand, the countries do not cooperate in
the second period, marginal revenue will be less than

marginal cost, and production will occur at a point like x" in the
figure. The excess demand function A'B° is induced by the
equilibrium level of investment by ROW. The shaded area in the
figure répresents the increase in profits (i.e., producer surplus)
resulting from non-cooperation in Lhe second period. The saine
argument holds for any level of investment in the two exporting
countries. Therefore J¥° lies above J¥©.

We summarize the implications of this example as

Proposition 5: The welfare ranking of regimes for the exporting

countries is as follows: the first hest is to cooperate on setting

investment policies, but not production policies; the next best is to
cooperate on neither type of policies; the third best is to cooperate
on both types of policies; the worst is to cooperate on production
policies but not investment policies.

This section demonstrates that making the model more realistic,

by including investment in ROW, is likely to strengthen rather than
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weaken the conclusion of the previous section.

Conclusion

The principal point of this paper has been to show that limited
international cooperation in setting policies that influence
non-competlitive industries may backfire: partial cooperation may be
worse than no cooperation. This conclusion is very much in the
spirit of the "theorem of the second best", which tells us that 1‘n a
market with many distortions, the nominal reduction of one distortion
does not necessarily increase efficiency. Similarly, in an economy
with many missing markets, the addition of one market may lower the
welfare of all agents [e.g., Newbery and Stiglitz (1934)]. The
contribution of this paper has been to describe situations under
which the possibilily of disadvantageous international coopération is
likely.

This paper brings together several strands of literature. Section
1 extends the Salant et al. (1983) paper to a trade setting. Section 2
uses ﬂhe basic Spencer and Brander (1983) model, but examines a
different equilibrium and addresses a very diffcrent guestion.

The‘_ basic point of the pa_pef‘, however, is closely related {o many
other papers; this is most evident in the third section., The logic of
that section is similar to that of Maskin and Newbery (1938), who
show that monopsony power may be disadvantageous in a two period
game with a nonrenewable resource. Okuno et al. (1981) show that
mergers may be disadvantageous in a gencral equilibrium framework;
this paper also discusses previous work on disadvantageous monopoly
and disadvantageous syndicates. Xarp (1987) shows that monopsony

power may be disadvantageous in a reproducible good model with



adjustment costs. Lapan (1988) uses a two period general equilibrium
model to show that the optimal tariff is time inconsistent, and that
both the importer and exporter are worse off at the perfect
equilibrium than at the inconsistent equilibrium.(g) Farrell and
Gallini (1287) show that a monopolist who sells a product that
recquires consumers to incur a "start-up cost" may benefit from
future competilon; if we think of future competiiion as being like
failure of a group of firms to cooperate, their result is similar to the
others discussed here. Rogoff (1985) shows that int.ernat.i;nal -
monetary coordination may be disadvantageous. Kehoe (1985) shows
that international fiscal cooperation in a two period game may be
disadvantageous; the reason has to do with the effect of cooperation
on the savings decisions of individuals. This list, although certainly
not complete, demonstrates g1*oWing recognition that the inability to
make commitments may alter a problem to such an extent that
conclusions which might once have seemed obvious are now seen to
be incorrect.

Deﬁeckere and Davidson (1985} demonstrate that the
disadvantageous merger result of Salant et al. doeg not hold if firms
play a A—price setting ruther’ t}‘}an a quantity setling game. We
conjecture that the customs wunion is less likely {o  be
disadvantageous if firms r;huésr;: price rather than quantity.

Perry and Porter (1985) show that the disadvantageous merger
result is less likely to hold if a merger leads to a decrease in the

marginal cost of production; Parrell and Shapiro (1988) provide a

(9) Lapan does not mention the possibility of disadvantageous
monopoly power, although the general cquilibrium properties of
the model do not rule out that poasibility.
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more general treatment of this issue.  This consideration is also
relevant to the international trade model of Section 1. If the
marginal cost of the union’s production lies below the marginal cost
of a single nation’s production, the imperfectly compelitive nature of
riva\_ls is less likely to make cooperation amongst a subset of nations
disadvantageous. In this sense, taking capital into account, as in
Perry and Porter, leads to the conclusion that cooperation is unhkely
to be disadvantageous. However, their modification accommod_?.tes
capital in a restricted manner: viz, aggregate capital is assumed to
be fixed, so that a mergef can be viewed as a reallocation of capital.
As section 2 of our paper shows, making the aggregate level and not
simply the distribution of capilal endogenous introduces a powerful
force that may makg cooperation disadvantageous.

The critical assumplion in seclion 2 is that nations may be able
to cooperate on certain clearly defined policies, such as production
and export lax/subsidies, bul find it difficult to cooperate on more
fundamental policies which directly affect investment. This appears
to be .a reasonably accurate descriplion of international attempls at
cooperation, such us those between the U.S. and Canada and among
the EC Wnations. In these si_t.u_ziiﬂtions the common belief that partial
cooperation is a step in Lhe ;'ight. direction may be wrong.

Section 3 contains the starkest example of disadvantageous
cooperation; this is based on an extreme form of supply response in
ROW. This example shows that Lhe resulls of Seclion 2 are
strengthened if capital in ROW is made endogenous.

In negotiating bilateral {irade agrecments, nations have paid
insufficient attention to the possibly adverse incentives created by

partial cooperation. We interprel the results of this paper as an
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encouragement for more comprehensive agreements rather than

indictment of previous attempts to foster cooperation.

an



Appendix A
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By using (1) and (2) and after some calculations we finally get the

expression in the text.
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After routine manipulations and

the expression in the text.

by using (1) and (2) we finally get
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Appendix B: Sketch of Eguilibrium for Linear Model

Inverse demand is given by p = 1 + 6 - (q1 + q,)/2; variable
cost is c; = ({1 - & ki) + ¥ qi/Z]qi; investment cost is v, =
(1 +p kj/ﬁ)/ki. The solution to the non-cooperative quantity setting

game between firms is

q = Ao(s +axk + 0 2) " (B.1)
1+y .51-1
where AO = } , 27 =(1, 1)
.5 1+y
and s and k are vectors. The payoff to firm 1 in the second period

is the quadratic form

Moo= Byt B(stak) -3 (5 & K)By(s + k) (B.2)

-

This expression uses the following definition:

1+y .5] [1 0]

A = A A ’ I =
1 0| o o) 70 o o
co-
91 (1, 0)

IO SO
BO = (91 AO - §‘ A1 Ye
Rl' - (Q]AO'F Q AOIl - 2 Al)e
B2 = A] - I]AO - AOT]. .

If the governments behave non—cooperatively, governmeni 1°’s

. . . .
objective is to choose $1 to maximize 7" minus the cost of the
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subsidy. Designate this function as Wl, given by

. 1 2. . . |
wl = BO + Bla k - 5 & k sz + Bgs + a k B4s -5 S Als s (B.3)
where B4 = IIAO—AI .

Government 2 has a similar maximization problem. Define the
permutation matrix P = [g" é] The first order condition for
government 1 is

’ ‘It - sl =
91 [B3 + B4k AluJ 0.

The system of first order conditions is then

CO + & Clk = Cz“,
where CO = QiBBQ
[91 B4
Cl = |-
9B P
QA ]
c. - [_1_1_
91A1FL
o -1 | ey s o
Define C, = C, Co , C4 = C2 C‘1 , so that the equilibrium subsidy is
] -
s = C, +« C4k (B.4)

If the governments do cooperate, the joint payoff (firm profits

less subsidy costs) is W = wl + W,
*4 1 2:* *¢ '* 1 ,".
W 2B0 + Bj ok -5k sz + 33 s +ak B&s -5 s Ais s 0.5

which uses the definitions



X = K " A
A A; + PAD
b - \p
P,1 (T + P,P1
¥ = B, + PB,P
n% = (1 PE,
* - 3 ES )
e} L, + PE,P

Maximization with respect to & require

R I (z.6)
where c¥ = A*_lg* . \*_13*'
o 3 1 "3 4 “1 “a

We now step back to period 1, and first consider the cases where
governments do not cooperate. Substituting (B.4) into (B.2) gives

firm 1’s equilibrium payoff as a function of k, as

™= Dy o+ Dk - 2 KDk (B.7)

Substituting (B.4) into (B.3) gives the payoff to government 1 as

a function of k,

n o _ U U _
Wl = D3 + D4k 5 k Dsk {(B.8)

The definition of Di’ i =20,1,...,5 are obtained by performing the
substitutions.

Firm 1’s problem is to choose kl to maximize U? given by (B.7),
less the private cost of investment, [(1 - ¢1) - p k]/Q}kl. Firm 2
faces an analogous problem. Their equilibrium decision results in a

linear system
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¢ = En 0t ’ - (E.
! FO Elm (B.9)

whoere EO and H] are obtained from the parameters of the firms maximi-—
zation problem, described above.
.. 'y . .
Government 1 chooses @1 to maximize Wl given in (B.8), less the

social cost of investment, (1 - @ k1/2)k Nsing (B.9) to eliminate k

-~ ] |
gives government 1’s maximand as a function of ¢®. We follow a
parallel procedure to obtain government 2’s maximand. The equili-
brium of the resulting non—cooperative game gives the equilibrium
value of o.
When the governments cooperate in setting s, the procedure is

exactly as ahove, except that the rule given by (B.6), rather than

(B.4d), is used.



Table 1

Parameter value © = 4, x=1, p =

(a)

(b)
(c)
(d)
(e)

40

Comparison of Equilibria under Second Period Cooperation Vs
Non-cooperation
(a) {b) {c) (d) (e)

y J*C/J*n ke /kn ¢ C/¢ D pC/ph sC/gh
.95 . 9256 1.931 -3.18 1.082 -3.4
1.1 1.0002 1.706 -2.59 1.081 -3.59
1.3 1.0253 1.564 -2.32 1.071 -3.91
1.5 1.0297 1.500 -2.26 1.061 -4.26
1.7 1.0288 1.481 -2.30 1.052 -4.63
1.9 1.0263 1.504 -2.39 1.045 - ~5.005

(5]

Ratio of equilibrium social payoff under cooperation and
non—-cooperation

Ratio of equilibrium investment levels

Ratio of investment subsidies

Ratio of equilibrium consumer prices

Ratio of production subsidies
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Fig. 1 ’ e -

Formation of the custom union increases the equilibrium
subsidy of non-members

Fig. 2
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The equilibrium payoff to potential union members may be
lower when the union is formed, due to the increased
subsidy by non-members.



Fig. 3
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Welfare comparisons for the linear model.
_ Fig. 4
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The possibility that second period cooperation is disadvantageous
when investment is endogenous.



Fig. 5
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The welfare loss due to second period cooperation when
investment by ROW is endogenous.
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