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This paper uses recursive methods to characterize the payoff frontier of self-enforcing trade
agreements between countries of asymmetric size. We show that at points on the frontier where only
one country’s incentive constraint binds, the efficient agreement will be a non-stationary one that starts
with a positive trade distortion but eventually reaches free trade. Our analysis illustrates how (i) relative
country size, (ii) consumption smoothing incentives, and (iii) sunk investments affect the form of efficient
trade agreements. In contrast to previous work on gradualism, our results are obtained from a model in
which the economic environment is stationary.

1. INTRODUCTION

One of the prominent features of free-trade agreements between countries is that they do not
specify immediate elimination of tariffs, but instead typically have a phase-in period during
which tariffs are reduced in two or more steps to free trade. For example, the North American
Free-Trade Agreement spreads tariff reductions between the U.S. and Mexico over a period of
15 years, and the accession agreement between the EU and the U.K. eliminated internal tariffs
over a 5 year period. Similarly, GATT negotiations proceeded by a series of negotiating rounds,
with tariffs being reduced in each round. As pointed out by Mussa (1986), immediate elimination
of tariffs will be optimal when countries can commit to tariff rates and there are no distortions in
goods and factor markets, because the decisions made by factor owners (even in the presence of
adjustment costs) will be socially efficient.!

One approach that has been taken to explain gradual tariff reductions is to assume that trade
agreements must be self-enforcing, and that the minimum sustainable tariff declines over time
in response to changes in an economic state variable. For example, Staiger (1995b) examines
a model in which the minimum sustainable tariff level in a trade agreement is related to the
quantity of labour with skills specialized to the import-competing sector. In Staiger’s model, the
departure of workers from the import-competing sector as a result of trade liberalization in each
(symmetric) country relaxes the incentive (i.e. no deviation) constraint, allowing for additional
liberalization in each country over time.?

1. Mussa (1986) examines the optimal policy in the presence of various distortions, and notes that there is no
presumption as to whether adjustment is too fast or too slow relative to the social optimum. The socially efficient optimal
trade policy could thus be either a gradual elimination of tariffs or an initial tariff reduction that overshoots the long-run
value.

2. A similar result is obtained by Furusawa and Lai (1997), who consider a repeated game model where workers
incur adjustment costs when moving out of the import-competing sector. Devereux (1997) analyses a two-country growth
model in which growth increases the degree of specialization. He obtains gradual tariff reduction in the dynamic tariff
game between the countries in some cases.
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The purpose of this paper is to show that “gradualism” in tariff reductions can be a feature
of efficient self-enforcing trade agreements between countries in models where the economic
environment is stationary. The essential feature of the gradualism result in our model is an
asymmetry between the two countries: the initial payoffs under the agreement are such that the
incentive constraint of only one country is binding. Given this initial asymmetry, the efficient
trade agreement will be non-stationary and will promise the country whose incentive constraint
is binding a rising payoff over time.? In addition, the agreement will generally utilize a positive
tariff for one country that is incentive-constrained in the initial stage to make deviation less
attractive. As the payoff to the incentive-constrained country rises over time, its incentive
constraint becomes less binding and the tariff can be reduced to (or asymptotically toward) zero.
If the trade agreement were constrained to be stationary (i.e. constant tariffs and transfers), the
no-deviation constraint would have to be relaxed using a permanent tariff, which would create
a permanent reduction in world welfare. The efficient non-stationary contracts we examine uses
a combination of tariffs and intertemporal incentives, which allows the tariff distortion to be
reduced over time when the incentive constraint is binding.*

We make this point by characterizing the Pareto frontier of self-enforcing trade agreements
between a large and small country, utilizing a recursive formulation that treats the payoff to
the large country as a state variable in the problem. We show that the payoff frontier can be
divided into three regions. For trade agreements offering sufficiently low (high) payoffs to the
large country, immediate free-trade agreements are not incentive compatible for the large (small)
country. These regions where one party is incentive constrained bound a region of intermediate
payoffs to the countries in which an immediate movement to free trade is incentive compatible.
In the region of the frontier in which the incentive constraint of only the large (small) country
is binding, the optimal agreement will involve an increase over time in the payoff to the large
(small) country until it reaches the region of the frontier where free trade is sustainable. Along
this path, tariffs are reduced to zero. Our recursive formulation of the problem highlights how
changes in the promised payout to the large country over time allow the agreement to evolve
from the region of the frontier where production is inefficient to the region where it is efficient.

Asymmetries between countries are an important feature of many trade agreements,
particularly in recent trade negotiations that Ethier (1998) describes as the “new regionalism”.
A common feature of the new regionalism is that small countries sign agreements with
large countries in order to assure themselves access to the large-country markets. The North
American Free-Trade Agreement, the Euro-Med Agreements between the European Union
and Mediterranean Countries, and trade agreements between the EU and Eastern European
countries all represent examples in which relatively small countries signed agreements with a
large country (or customs union). The objective of the small countries in these agreements is to
obtain reductions in tariffs and exemption from antidumping duties and other forms of contingent
protection, which have the potential to lead to substantial terms of trade gains. For the large
countries, on the other hand, the gains in terms of reduced foreign tariffs are often quite small.
The main benefits to the large country from these agreements are concessions on protection of

3. This “backloading” of payoffs to the incentive constrained party is also a feature of the Thomas and Worrall
(1994) model of “tax holidays”, where countries cannot commit to a tax rate on the investment of a multinational firm.
Tax payments by the multinational firm rise over time in the efficient contract, with the promise of higher future taxes
being used to deter the host country from imposing confiscatory taxes on sunk investments. Similarly, Lazear (1981)
examines a model in which wages of workers rise over time in order to relax the worker’s no shirking constraint.

4. Models of trade agreements with symmetric countries (e.g. Bagwell and Staiger, 1990) have typically focussed
on symmetric trade agreements where the incentive constraints of both (or neither) country are binding, in which
case stationary agreements will be optimal. However, we show that non-stationary agreements may be optimal in the
symmetric country case as well if there are asymmetries in the bargaining powers that yield asymmetric payoffs to the
countries.
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intellectual property, laws regarding foreign investment, or other domestic policies by the small
country. We model these side agreements as lump-sum transfers between the parties.

Our problem is to characterize the efficient patterns of tariffs and transfers over time, subject
to the constraint that the trade agreement be self-enforcing. In particular, our emphasis is on
how the tariffs and transfers are used to relax incentive constraints over time. Section 2 of
the paper presents a two-country trade model with linear demands and supplies and a simple
parameterization of relative country size that allows us to treat cases ranging from that of
symmetric countries to the case of an infinitesimally small country. We show that for the range of
payoffs in which first-best agreements are not sustainable, the efficient contracts will necessarily
involve a “two-step” adjustment in which the trade agreement specifies a positive tariff for one
country in the first period followed by free trade in all subsequent periods. We derive results on
how the direction of the transfer and the choice of tariff will depend on the relative size of the
countries and the level of payoffs promised to the countries. We also show that the tariff is used
as a substitute for the transfers in this basic model.

Section 3 of the paper extends the basic model to consider the case in which an
infinitesimally small country has a payoff function that is strictly concave in the level of surplus
received from trade and transfers in each period, which introduces a consumption smoothing
motive. We show that this consumption smoothing motive results in a many step adjustment
process in which the large country has a positive tariff that is reduced gradually over time.
Free trade is achieved asymptotically in this case. Since the tariff is being used as a transfer
mechanism in the models of Sections 2 and 3, the gradual tariff reduction we obtain will involve
an asymmetry between countries in that only one of the countries will have a positive tariff along
the adjustment path.

Section 4 of the paper extends the analysis to consider the case in which supply decisions
are made prior to the choice of tariffs. This introduces the role of sunk investment decisions in
the small-country case that has been analysed by McLaren (1997), who argues that the existence
of sunk investments that are specialized to the large-country market will worsen the bargaining
position of the small country.> We show that the existence of sunk costs introduces an additional
role for tariffs in relaxing incentive constraints in our model, since a positive tariff by the large
country will result in less specialization by the small country and a lower deviation incentive
for the large country. This expands the role for gradual tariff reductions in the region where the
large country’s incentive constraint is binding by introducing the possibility that the large country
imposes a tariff at the same time that it is paying a transfer to the small country, a result which
cannot occur without sunk costs.

In the various cases we present in this paper, efficient agreements involve changes in the
level of transfers and gradual reductions in tariffs imposed by one country over time. However,
the tariff of the other country is always eliminated immediately. This contrasts with many
observed trade agreements, where the tariffs of both countries are reduced gradually over time.
In the conclusion we indicate how the model can be extended to generate gradual reductions in
the tariffs of both countries.

5. McLaren assumes that transfers are determined in a Nash bargaining game that takes place after the investment
decisions have been make. Since the sunk investment worsens the position of the small country in the subsequent
trade negotiations over the size of transfers, the small country may actually be worse off than in the non-cooperative
Nash equilibrium. In our model, the small country can never be worse off under the trade agreement because the trade
agreements are self-enforcing equilibria of a repeated game and must yield payoffs no worse than those in the one-shot
non-cooperative game. Park (2000) extends McLaren’s model to analyse the case of an infinitely repeated game between
the two countries. That analysis is limited to trade agreements where the tariff rates are constant for all time periods, and
examines how the efficient frontier of self-enforcing trade agreements is affected by the existence of sunk costs and the
form in which transfers are made (lump sum vs. import subsidies).
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2. THE BASIC MODEL

In this section we present the basic trade model. We consider a two good, partial equilibrium
model of trade between a small country, S, and a large country, L. We begin by deriving
the preferences of the respective countries over trade agreements under the assumption that
governments choose trade policies to maximize national welfare. We then characterize the
efficient payoff frontier for the countries where trade agreements must be self-enforcing in a
repeated tariff-setting game between the countries.

Demand for good i in S is Dis =A- Bpf and the supply of good i in S is Xls = af + ﬁpf,
where pis is the price of good i in S. For L, demand and supply are given by D[‘ =AMA-B pi")
and X IL = k(aiL + B piL), respectively, where A > 1 is a measure of the relative size of country L.
Letting p] A A- a!)/(B + B) be the autarky price of good i in country j, we assume
ozf‘ — af = ag — aé‘ > 0 and alL = ag . This parameterization ensures that S will import good 1
and export good 2, and that the countries will be symmetric if A = 1. By varying A on [1, 00), we
can consider the range of relative country sizes from symmetric countries to the case in which §
is a price taker in world markets.

We assume that each country can impose specific tariffs on its importable, with ¢; denoting
the tariff imposed by country j = S, L. Domestic prices are pls = p{‘ + ts and p2L = pf + 1
and national welfare can be expressed as

A/B J

. P;
Wi(tj, i) = Zi:l,Z[Lj D,.’ (w)du +/

x/ (u)du] +1;(Dh(ph) — X (ph)), (1)
—a/p

where j,k = S,L(j # k) and m = 1(2) when j = S(L). The following properties of the
national welfare functions follow from differentiation of (1), using the market clearing prices:

Lemma 1. For non-prohibitive tariffs, tr, ts € [0, (af — a5)/(B + B)),

(@) Wj(tj, 1) is concave in tj for j,k = S, L(j # k), with the welfare maximizing tariffs
given by

N = Mo — e) N _ (@f — o)
L=a+206+8" 5~ Q+MB+B)
(b) W;(tj, &) is decreasing and convex in ty for j, k = §, L(j # k),

2

() Ww(ts,tr) = Zj:S.L W;(t;, tr) is strictly concave and decreasing in tj for j, k = S, L
and j # k.

Equation (2) describes the optimal tariffs of the respective countries. Due to our partial
equilibrium specification and choice of instruments, these tariffs will be dominant strategies for
the respective countries and hence are the Nash equilibrium tariffs of the one-shot tariff setting
game. Parts (b) and (c) illustrate the standard prisoner’s dilemma of the one-shot tariff setting
game: increases in one country’s tariffs reduce the welfare of the other country by worsening
its terms of trade, so world welfare is maximized at free trade. Lemma 1 also illustrates the
effect of relative country size on the level of Nash equilibrium tariffs. ti" is increasing in A and
approaches the revenue maximizing tariff as A — oo, while tév is decreasing in A and approaches
OasA — oo.

A trade agreement is a sequence of tariffs #;(i) > 0 and side payments s;(i) > O to
be paid by country j at time i(i = 1,...,00). The transfers can be thought of as being the
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value of concessions made in side agreements that accompany the trade agreement.% Letting 8
be the market discount rate and ¢, = {(t; (i), s; (D)), (¢;( + 1), s;(i + 1)), ...} the sequence

of future actions for country j from period i onward, the payoff to country j is V; (ci, cg) =
Yomo(Wi(tj(i + m), (i + m)) + sg(i + m) — s;(i +m))8™ for j,k = S,L and k # j.
We do not explicitly model the bargaining game that determines the choice of a particular trade
agreement between countries, but instead assume that the bargaining game results in the choice
of a trade agreement that is individually rational and is not Pareto dominated.” Therefore, we
can characterize the potential trade agreements by characterizing the agreements that are Pareto
efficient.

As a benchmark, suppose that countries can make binding commitments to tariff rates. The
set of Pareto optimal trade agreements can be obtained by maximizing Vs, for given V. These
first-best agreements will specify an immediate elimination of tariffs between the countries,
which maximizes world welfare, with lump-sum transfers being used to obtain the desired
distribution between countries. The first-best frontier, denoted by Vs = Q*(VL), is then

2wy =0y, )
We assume that in the absence of a trade agreement each country chooses its optimal tariff
according to (2), so individually rational agreements will be those with payoffs V; > V}V =

W]’.V (tJ’.V , t,ﬁv )/(1 — 8) for j = S, L. This payoff frontier is illustrated by £2* in Figure 1, where the

origin represents the payoffs (VV, VSN ) obtained in the absence of an agreement. An agreement
that yields L a payoff of V,, can be achieved by a free-trade agreement with any sequence of
transfers that generates a net wealth transfer to S of (Ww (0, 0) — Ws(0,0))/(1 —8) — VL.

In view of the lack of mechanisms to enforce contracts between countries, it is now
a well established technique to treat trade agreements as being contained in the set of
self-enforcing agreements that can be sustained in an infinitely repeated game between the
countries (e.g. Staiger, 1995a). Repeated interactions between countries on trade policy issues
create the potential to use the (credible) threat of future trade wars to deter countries from
deviating from trade agreements. International trade organizations, such as the WTO or regional
trade agreements, can then be thought of as mechanisms that allow countries to coordinate
punishments and to coordinate on which of the sustainable agreements are to be chosen. Our
objective in this section is to characterize the agreements that are on the incentive constrained
Pareto frontier, which identifies the agreements that yield the maximum payoff to S, given VL
and the requirement that the agreement be incentive compatible for both parties.

We assume that the agreement specifies permanent reversion to the static Nash equilibrium
tariffs {tfgV , t,’j’ } with s = sg = O for all future time periods following a deviation by either
country.? If country j deviates from the agreement, it will set its tariff optimally and will not

6. Side agreements between countries frequently play a significant role in bilateral negotiations. For example,
Whalley (1998) notes that Canada and Mexico made implicit side payments to the U.S. as part of NAFTA by adopting
policies on energy and investment that were favourable to U.S. interests.

7. With symmetric countries, the symmetric agreement is a natural one to focus on. When countries are
asymmetric, however, there is no natural candidate for an agreement. One approach is to choose a particular type of
bargaining solution (e.g. the generalized Nash bargaining solution as in Bond and Syropoulos, 1996) to choose among
the agreements. Since our focus is on how dynamics of the agreement can be used to relax incentive constraints, rather
than on predicting the payoffs that will result from an agreement between a particular pair of countries, a less restrictive
approach requiring only Pareto optimality seems appropriate.

8. The Nash punishments are adopted here for simplicity. Optimal punishments of the type characterized by
Abreu (1988) would yield higher payoffs, since they would expand the set of incentive compatible contracts. However,
the primary concern here is with the form of the contracts (i.e. how the tariffs and transfers vary over time) and these
intertemporal aspects do not depend on the the level of the punishment payoff. Thus, the use of the term “efficient”
contract here is relative to the use of the static Nash payoffs as punishment.
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pay any transfers as required by the agreement (although it still receives any transfer paid by the
other country). Incentive compatibility for the agreement at time i then requires that

(Cj)  Vj(cp,cs) = Wi}, 0(@)) +sx(@) + 8V} andfor j, k=S, Landk # j. (4)

A trade agreement will be incentive compatible if it satisfies (4) for all i > 1. The constrained
efficient frontier €2(V) will be the solution to the following optimization problem:

P) Q)= Sup,i L Vs(cy, ¢),

subjectto  (ICL), (ICS), and Vi (c},c}) > Vp.

2.1. Stationary and incentive compatible first-best agreements

We begin our analysis of (P) by showing that for § exceeding a critical value, denoted €, there
will exist an interval of payoffs [V, V/*] for which the free-trade agreement with constant
side payments (i.e. first-best trade agreements) will be incentive compatible. In models with
symmetric countries (e.g. Bagwell and Staiger, 1990), it is well known that a free-trade agreement
with no side payments will be sustainable if § is sufficiently large. Our results extend this
literature to show how the relative size of countries affects the direction of transfers that can be
observed in an incentive compatible free-trade agreement. The interval [V}, V*] s of particular
interest because we will show below that when § > €, all trade agreements satisfying the
problem (P) will eventually achieve a payoff in this interval.
With stationary transfers, (4) becomes

(Cj) ;= b5k < 8(W;(0,0) — W) — (1 = §)(W; Y, 0) — W;(0,0)), )

where WJN = Wj(tjl.V , t,f" ) for j,k = S,L and j # k. The asymmetry between the transfers
on the left-hand side of (5) arises because when j deviates it does not pay the transfer s;,
but it receives the transfer s;. Note that the payoffs of the countries depend only on the net
transfer sg — s, but an increase in s; will tighten the incentive constraint of country j. Therefore,
an agreement with s; > s; > 0 will be weakly dominated by the agreement with transfers
s;. =s; — s and s5; = 0, so we can limit attention to agreements in which min(ss, s;.) = 0.
We can use (5) to define the maximum net transfer that country j is willing to pay, 7, for a
free-trade agreement,
Hj(é,k) iij > 0,
Tf(‘s’x)z{ﬂj(s,x)/a if Hj <0, ©

where H;(8, 1) = 8(W;(0,0) — W}") -1 - 8)(Wj(tjl.v, 0) — W;(0, 0)).

This transfer will be a constant side payment per period made (received) by country j if
T; > O(< 0). There will exist a sustainable free-trade agreement with constant side payments iff
Ts(8,A) + T (5, 1) = 0.

The following properties of the maximum transfer functions can be derived from (1) and (6):

Lemma 2. For A € [1, 00)
(a) T;j(8, A) is increasing in 8, with T;j(0, 1) <O0and Ts(1,1) + Tp(1,1) > 0,
(b) Ts(8, A) is increasing in A for A > 1 and~Ts(l, A) >0, 5
(c) Tr(8, A) is decreasing in \. There exists A > 1 such that Tp (1, 1) < O iff A > A.

Part (a) reflects the standard result that a free-trade agreement will be sustainable for § sufficiently
large. Parts (b) and (c) reflect the role of relative country size on the maximum transfer functions.
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Increases in A raise the amount that the small country is willing to pay for a free-trade agreement,
since an increase in the relative size of L reduces the gains of deviating for S relative to the cost
of the punishment phase. For § = 1, the small country will always be willing to pay a positive
amount to obtain a first-best agreement because its payoff in the Nash equilibrium must always
be less than that under free trade. In contrast, the amount that the large country will pay for a
free-trade agreement is decreasing in A, because an increase in the relative size of L raises the
gains from deviation relative to the cost of punishment. The large country “wins” the tariff war
for A > A, in the sense that it is better off in the Nash equilibrium than under free trade, so the
small country will have to make a positive transfer to buy access to the large-country market
for all § in this case.” If A < A, the large country will be willing to pay to obtain a free-trade
agreement if § is sufficiently large.

Lemma 2 can be used to derive the following result on the sustainability of first-best trade
agreements with constant transfers:

Proposition 1.  There will exist a critical discount parameter §€ € (0, 1) such that if
8 > 8€,

(a) a free-trade agreement with ss € [max(—Tg (8, 1), 0), Ts(8, A)] and s;, = 0 is incentive
compatible, where Ts(5, 1) > 0,

(b) if TL(8, 1) > O, a free-trade agreement with s; € [0, T; (8, )] and ss = 0 is incentive
compatible. If . > X, then no free-trade agreement with sy > 0 is incentive compatible,

(c) these agreements sustain payoffs to the large country in the interval [V}, V[*], where

Vi = (WL(0,0) — TL(8,))/(1 = 8), V* = Ww(0,0)/(1 —8) — Ws(tY,0) - sV}

Proposition 1 illustrates the relationship between country size and the direction of transfers in
sustainable agreements. If A > A , then all incentive compatible free-trade agreements must have
ss > 0 because the large country must be compensated for the fact that it wins the tariff war.
If A < X, there will exist some discount parameters for which there are incentive compatible
free-trade agreements with s; > 0. Finally, we can substitute from (6) into (7) to show that
lims 1 (1 — 8)V} = WY and lims_, 1 (1 — 8)Q*(V;*) = WJ. This illustrates the standard Folk
Theorem result that for § sufficiently large, any of the first-best agreements that give countries
payoffs tl(l)at are no less than the Nash equilibrium values can be sustained with this punishment
scheme.!

2.2. The incentive-constrained Pareto frontier

Proposition 1 establishes that efficient trade agreements with payoffs to L in the interval
[V{, V}*] can be sustained by free-trade agreements in which transfers are constant over time.
For VL < V/(VL > V), the payoff to L(S) under the first-best agreement is sufficiently
low that the stationary first-best agreements are not incentive compatible. In this section we
characterize the constrained efficient trade agreements in these regions. In particular, we show

9. This phenomenon is common in trade models. Kennan and Riezman (1988) use an endowment model with
Cobb Douglas preferences and show that large countries generally win tariff wars.

10. These results can be extended to the case of costly transfers, where a side payment that has benefit s; to the
recipient country j has a cost of (1 + ¢)s; to country i, with ¢ > 0. This case can arise when side payments are benefits
in kind, or where they are financed by costly tax collection. It can be shown that the first-best frontier, 2*, for this case
will involve the use of tariffs to transfer income between the countries up until the point where the marginal deadweight
loss of the tariff imposed by the transferor is ¢. If larger transfers are required, side payments will also be used. A result
analogous to Proposition 1 can be established showing that for § sufficiently high, an interval of the first-best frontier
will be sustainable.
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that the optimal trade agreements are necessarily non-stationary in the region where one incentive
constraint is binding.

To characterize the solution for the incentive-constrained Pareto frontier, we will analyse
the following dynamic programming problem which corresponds to the problem (P):

QUVL) = supy, 5., o5y Ws (L, 15) + 51 — 55+ 8Q(), 7
subject to

(PL) Wir(tL, ts) —sp +ss + 6y =V,
(ICL)  WL(tL,ts) + 55 —sp + 8y = WL(t), ts) + 55 + 8V},
(ACS)  Ws(ts, t1) + 51 — ss 4+ 8Q(y) = Ws(t¥ , 11) +s1 +6VY,  1,15,55,50 > 0.

The variable y introduced in the programming problem is the value of the agreement to L at the
end of the current period. This approach treats the payoff to L as a state variable, and a non-
stationary trade agreement is one for which the value of y changes over the life of the contract.

The following result establishes that 2 exists and is the solution to (P) and derives some
useful properties of the solution.

Lemma 3. The optimization problem (P) has a solution Q which is attained. This
solution is continuous, concave, and non-increasing.

The proof of existence involves an application of a result in Rustichini (1998) for problems in
which the value function enters the incentive constraint. The result that the second-best frontier is
concave will be useful in characterizing the optimal contracts below. The fact that €2 is monotone
ensures that it will be differentiable almost everywhere, so we can characterize the optimal
contract terms by analysing the necessary conditions for the Lagrangian associated with (7).
We will establish below that 2 is differentiable in the present case.

Letting 4 ; be the multiplier associated with the incentive constraint for country j and o the
multiplier associated with (PL), problem (8) yields the following necessary conditions for choice
of 7 and s7:

ow, oW, oW,

(ur+o - D+ (25 4+ 225 ) <0, with equality if £ > 0, (82)
aty, ory, oty
l1—purp —o <0, withequality if s; > 0. (8b)

Note that ¢; has no effect on (ICS) in this case because W is additively separable in the tariff
rates. It follows from the envelope theorem that o = —/(Vy) is the shadow value of an
increment of payoff to L under the agreement. For V € [V}, V[*], first-best agreements are
incentive compatible and o = 1. From the concavity of the frontier established in Lemma 3, a
necessary condition foro > 1(o < 1)is Vp > V* (V, < V}'). From Lemma 1(c), an increase
in 7 reduces world welfare so the second term in (8a) is negative for t; > 0. It follows from
Lemma 1(a) that Wy, is increasing in ¢, forz; < t,{v and world welfare is maximized at t;, = 0, so
a necessary and sufficient condition for #; > Ois that u; + o > 1. With uz + o > 1, the gains
from transferring income to country L through the use of a tariff exceed the negative impact on
world welfare. Note from (8b) that this condition will never be satisfied when s;, > 0, since it is
always more efficient to transfer income to L by reducing the size of the transfer it pays rather
than imposing a tariff. Note also that the 7;, will never exceed tﬁ’ , since both terms in (8a) will
be negative. A similar argument using the necessary conditions for choice of sg and g yields the
following result:
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Lemma 4.

(@) Ifsj > Oattimei, thent; =0.Ift; > Oat time i thens; =0 for j =S, L,
(b) ifo > 1, thenty > 0. Ifo < 1, thents > 0.
© 1 <ty

Lemma 4(a) shows that a country will never simultaneously make a transfer and impose a tariff,
which can be interpreted as saying that tariffs serve as a substitute for the use of transfers
when incentive constraints are binding in this model. If country i were simultaneously making a
transfer and imposing a tariff, a reduction of both the tariff and the transfer that left i’s welfare
unaffected would be both feasible and welfare-improving for j. Part (b) shows that tariffs must
arise in the region of the Pareto frontier where first-best agreements are not incentive compatible
(ie.o #1).

We will briefly sketch how Lemma 4 and the necessary conditions for the optimization
problem in (7) can be used to characterize the optimal contract terms for V;, € [V}, V[*], witha
formal proof being provided in the appendix. For V; > V;**, (ICS) is binding and (ICL) is slack,
sous > 0,ur =0,and 0 = 1 + pug. This yields r; > 0 by Lemma 4. L’s tariff is used to
relax (ICS) in this region because S can avoid the payment of the transfer sg by deviating from
the agreement, but it cannot avoid a transfer effected through #7. The dynamics of the contract
can be seen by taking the necessary condition for choice of y and substituting from the envelope
theorem to yield

pr — (VL)

-Q(y) = Tras )

For Vi > V}*, the fact that 0 = 1 + us and uy = O implies that —fz’(y) = 1. Referring to
Figure 1, suppose that the agreement negotiated between S and L calls for an initial payoff to L
exceeding V;*. These results indicate that in the second period, the payoff to L will jump to a
value of y < V;* where free trade is sustainable in the second (and all subsequent) periods. This
agreement will exhibit “gradual reduction” in tariffs for L because ¢, is reduced from the Nash
level to t7.(1) € (0, t,{v ) in the first period, followed by f; = 0 in all subsequent periods. The
frontier will be strictly concave in this region, with higher values of 77 (1) being associated with
larger initial values of V.11

For Vi < V/, the payoff to L is sufficiently low under the stationary agreement that the
first-best agreement violates (ICL). If the countries are sufficiently similar in size that 7, > 0,
then uy > 0, us = 0,and o0 = 1 — uy. The derivation of the optimal contracts is very similar
to that above in this case, with the frontier for this case illustrated in Figure 1(a). Utilizing (9),
we see that if the countries negotiate an agreement with the initial payoff to L below V/, the
agreement will call for the payoff to L to jump to y € [V}, V/*] in all subsequent periods.
The agreement will exhibit gradual reduction in tariffs by S in this region, with #5(1) > 0 and
ts(i) = O fori > 1, and the frontier will be strictly concave and differentiable in this region.

If L is sufficiently large that 71, < O, then the argument is slightly modified because S is
paying a positive transfer to L at V. In this case, (ICL) can be relaxed by lowering s in the first
period transfer. For V, € [WL (t,’j’ ,0)+ SVLN , V1), a first-best payoff level can be obtained by
setting ss = V, — W, (¢, 0) —8V}¥ and y = V}. This is illustrated by the linear segment of the

11. Since (ICS) binds in this region, we can use (8) to obtain the payoff to S as a function of ¢,
Vs(tp) = Wy (tév ) +8 Vév . Assuming WLOG that y = V}*, we have from the definition of T's and the separability of
W that sg = Ts(8, A) and V(1) = W (1, 0)— W (0, 0) + V/*. The properties of Wg and W, imply that the frontier
will be differentiable and strictly concave for V> V/* as illustrated in Figure 1. Defining V"™ = sup{VL |6 < oo}, it
follows from the construction that Vi“ax =V (tiv ) and Q(Vi““) = V_év .
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(2) Incentive-constrained frontier with T, (8,4) > 0 {4 = 100, B = g = 1,8 = 065, of = of = —40,
ozzL = a‘f = —60, » = 1.1}, Q—second-best frontier—solid; S*—first-best frontier—dashed; €25—stationary

incentive-constrained frontier—dotted. (b) Incentive-constrained frontier with 77 (§, 1) < 0 {A = 1.5 and § = 0-7}

frontier to the left of V' in Figure 1(b). In this region, the agreement is non-stationary but tariffs
are eliminated immediately. For V; < W, (tiV ,0 446 VLN , ts > 0is required to relax (ICL) and
the frontier will be strictly concave. The agreement will exhibit both non-stationarity and gradual
reduction of tariffs in this region. Note finally that as A — oo, W, (z‘iV ,0) + SVLN — V,f’ and
the frontier will become linear on the interval [V, Vil

The following result summarizes the optimal contracts on the second-best frontier where
the incentive constraints are binding.

Proposition 2. If 8 > 8C, the optimal agreements have the following form in the regions
where the incentive constraint binds:

(@) if Vi > V;™*, then (ICS) is binding and (ICL) is slack. {t;, > 0,ss > 0,ts = s; =0} in
the first period followed by free trade in all subsequent periods,
(b) if VL < V[, then (ICL) is binding and (ICS) is slack:

(1) ifTL(5,1) >0, then {ts > 0,51, > 0,1y = ss = 0} in the first period followed by free
trade with 'y € [V}, V[*] in all subsequent periods,

@{i) if TL(6,A) < O0and Vi, € [W (tiV ,0) + 8VN, V), the optimal contract will have
{tt = ts = sp = 0and sg > 0} followed by free trade with y € [V}, V*]. If
Tr(6,)) <O0and Vi, < Wi, (tiv ,0) + SVLN , the contract will have the same form as
in (i).

These results illustrate the non-stationary nature of the optimal contracts when incentive
constraints are binding. It is shown in Bond and Park (1998) that if one restricts attention to
stationary agreements, then the incentive-constrained stationary trade agreements will call for
a constant tariff pair {tf > 0,ts = 0,ss > 0} for V, > V/*, and a constant pair with
either {f = 0,25 > 0,5, > O} or {ry > 0,t5 = 0,55 > 0} for V, < V/ to relax the
respective incentive constraints. These stationary agreements require a permanent reduction in
world welfare below the free-trade level. In contrast, the non-stationary agreements characterized
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in Proposition 2 use intertemporal incentives. Promises of higher payoffs in the future to the
incentive-constrained country allow the agreement to achieve the efficient level of world welfare
in all periods after the first. The inefficiency of stationary agreements is illustrated by the
frontier Q5 in Figure 1, which is the (third-best) frontier obtained when agreements must be
both incentive compatible and stationary. The ability of stationary agreements to relax incentive
constraints through the use of permanent changes in tariffs is limited, as reflected in the fact that
Q9 is horizontal (vertical) for much of the region below V' (above V™).

The essential element giving rise to the use of non-stationary contracts is the fact that the
payoffs are such that one country’s incentive constraint is binding and the other country’s is not.
Specifically, the country whose incentive constraint is binding accepts a lower payoff in the first
period in return for a higher payoff in subsequent periods. One source of asymmetry in incentive
constraints is a difference in the size of the countries. However, non-stationary agreements could
arise in agreements between countries of equal size if the bargaining power of the two countries
is not the same. A stationary free-trade agreement without transfers will always be sustainable
between equal size countries for 8§ > €, but if there is an asymmetry in bargaining power of
the countries they might end up with an agreement whose initial payoff lies outside the range
[VZ’ VZ*]'IZ

There are two features of the contracts derived in Proposition 2 that we will focus on in
extensions of this basic model. The first is the fact that the transition to free trade involves only
two steps, regardless of the value of the tariff in the initial period of the agreement. One possible
explanation of this one-step adjustment is the assumption of a linear relationship between first
period and future payoffs, which means that there is no cost to the countries of having large
differences in consumption levels between the first period and future periods. A natural way to
address this issue is to make a country’s utility in each period a strictly concave function of the
level of consumption in the period. We examine this extension in Section 3.

A second feature of the contracts is that the tariffs of the two countries serve primarily as
substitutes for the transfers in order to relax the incentive constraints, as noted in the discussion
of Lemma 4. In Section 4 we assume that suppliers must make their output choices prior to the
government’s choice of tariffs, and show that tariffs have an additional role to play in that case.

3. OPTIMAL CONTRACTS WITH A CONSUMPTION SMOOTHING MOTIVE

In this section we show that the introduction of a consumption smoothing motive results in multi-
step reductions of tariffs in the region where only one country is incentive constrained. In light
of the additional complexity introduced into the problem by the assumption of strictly concave
utility functions, we will focus our attention on the version of the trade model in which S is
infinitesimally small. Since S is unable to affect its terms of trade through the use of its tariff in
this case, s = 0 in any optimal contract. This simplifies the maximization problem by reducing
the number of contracting terms that must be solved. The consumption smoothing motive is
introduced by assuming that the payoff for country S in a period is Us(Ws(ts, 1) + 5L — ss),
where Us is a strictly concave and twice differentiable function. Since the impact of the small-
country policy on large-country welfare is infinitesimal, we maintain the assumption that the
payoff to country L is linear.!?

12. A result similar to Proposition 2 would be obtained for the case of costly transfers discussed in footnote 10.
In the region of the efficient frontier where one country is incentive constrained, the optimal contract will call for a jump
to a contract on the portion of the frontier where a first-best contract is attainable. The difference from Proposition 2 is
that the first-best contract will not necessarily involve free trade because the tariff may be used as a transfer mechanism
in the first-best contract.

13. A strictly concave utility function is likely to arise in situations where the small country has imperfect access
to capital markets. An example of a trade agreement which suggests the presence of a strictly concave utility function
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The properties of the payoff functions for the infinitesimally-small-country model are the
limiting values of the functions derived in Lemma 1. As A — oo, the free-trade prices pif )
approach the autarky price of the large country, pF* = (A — «})/(B + B). The payoff to S is
obtained by evaluating (1) using pf = p{““‘ + tg and pg = pé"‘ — t1,, s0 Wsl(ts, t) will satisfy
Lemma 1(a) and (b) with tgv = 0. Since domestic prices in the large country are unaffected by
the tariff policies of either country, the payoff to L can be simply represented as tariff revenue,

WL(tL) = tL(X5(p3) — D3 (p5)). (10)

Wy is strictly concave in ¢;, and achieves a maximum at t,{v = (af - ozzL) /2(B + B), which is the
limiting value from Lemma 1(a) as A — oo. Ww (¢, ts) = Ws(ts, t) + Wi (tL) is concave and
decreasing in tariffs and is maximized at t;, = ts = 0. In the case where the small country has a
strictly concave utility function, first-best agreements will also involve immediate elimination of
tariffs. The first -best frontier for this case is

Vs = Q*(Vy) = Us(Ws(0,0) — (1 = §)Vp)/(1 —6), an

which will be strictly concave in Vy, from the strict concavity of Ug. The first-best agreements
will necessarily be stationary in this case, because the presence of the consumption smoothing
motive in S will result in constant transfers.

For purposes of comparison, the following corollary to Proposition 2 characterizes the
optimal contracts for the infinitesimally small country when both countries have linear payoffs:

Corollary to Proposition 2. If S is infinitesimally small and § > §C, Vi = VI{V /8 and
Vi* =8(Ws(0,0) — Wé")/(l —8).If VL > V[, then {t, > 0,55 > 0, 15 = 51, = O} in the first
period followed by free trade in all subsequent periods. If V|, € [V,fV , V1) first-best payoffs can
be attained by a free-trade agreement with sg(1) < W£’ /8 and ss(i) = WII‘V /8 fori > 1.

Since the small country has no ability to influence its terms of trade in the limiting case, its
tariff will never be used to relax the incentive constraint for V, < V. These agreements will be
non-stationary but will not involve gradual tariff reduction when the utility functions are linear.
Two-step tariff reduction in ¢;, will arise for V, > V}*.

We begin our analysis of the strictly concave utility case by deriving the range of payoffs for
which the first-best contracts are incentive compatible. The maximum transfer that S is willing to
pay for a free-trade agreement is the one at which (ICS) holds with equality at free trade, which is
the value Ts(8) that solves Us(Ws(0,0) — Ts) — (1 —§)Us(Ws(0, 0)) — dUs(Ws(0, ti")) =0.
The existence of a consumption smoothing motive for S raises the maximum amount that §
is willing to pay for a free-trade agreement, because a free-trade agreement involves a smooth
income stream whereas the deviation path does not. For the large country, 71 (§) = —W{V /8 as
in the Corollary. It is straightforward to show (using an argument similar to that in Proposition 1)
that there will exist a critical value € € (0, 1) such that for § > 8€, there exists a non-empty
interval [V}, V[*] for which first-best agreements will be incentive compatible.

for small countries is provided by the 1975 Lomé Convention, an agreement between the EU and 46 African, Caribbean,
and Pacific (APC) countries. As part of the agreement, the EU agreed to a stabilization of the export earnings scheme
to insure that the export earnings from particular commodities of the APC countries achieved minimum specified levels
(Babarinde, 1994). The fact that this trade agreement bundles an insurance scheme with trade liberalization is consistent
with the a strictly concave utility function for the APC countries arising from their inability to insure against commodity
price shocks using international capital markets.
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The optimal contracts for the regions where the incentive constraints bind can be derived by
solving the following dynamic programming problem:

Q(VL) = supy, 45 5, 55y Us(Ws(tL, ts) + 5L — s5) + 8Q(y), (12)

subject to (ICS) Us(Ws(ts, tL) + 5L — ss) + 8Q(y) > Us(Ws(0, 1) +s) + 8V, (ICL),
(PL), and the non-negativity constraints given by (7). Note that in writing (ICS) we have made
use of the fact that té" = 0. Furthermore, g = 0 in any efficient contract because a reduction tg
will be both feasible and Pareto improving from a feasible contract with t5 > 0.

We first characterize the optimal contract for an initial value V. < V; where (ICL) is
binding. The following proposition shows that the optimal path will involve a positive tariff by
the large country that is gradually reduced over time as the large country’s payoff rises toward
V.

Proposition 3. Suppose § > 8€ and Uy is strictly concave in the case where S is
infinitesimally small.

(@) § is concave on [V,fV VD).

(b) For Vi € (V,fv, Vi) uL >0, us =0, t5 =0, ss > 0and s;. = 0. The payoff to L will be
increasing over time and will satisfy VL <y < V[ with lim; o VL(i) = V}. 11 will be
positive and decreasing over time with lim;_, o t1 (i) = 0 and ss will be increasing over
time.

A detailed proof of the proposition is given in the appendix. Here we briefly sketch the
arguments and provide some intuition behind the result. First, note that (ICL) binds with ; > 0
when Uy is strictly concave. In the linear utility case described in the corollary, 7 = 0 in
this region because a first-best payoff level was attainable by giving S a contract with a non-
stationary consumption level. However, when Ug is strictly concave, a non-stationary contract
with the same present value of consumption as the first-best contract must yield Vs < Q*(Vy).
Therefore, we must have Q(V;) < Q*(Vy) for Vi < V' and py > 0. With a binding (ICL), the
transfer paid by S must be sg = V — VLN > 0forV; € (Vlf’, V).

To see why ¢;, > 0 in this region, we can refer to the necessary conditions for the remaining
contract terms.

[Ug(Ws — ss +sL)(1 + us) — Ug(Ws +s.)us — ur — o155
+(ur + a)m <0 with equality if ¢ > 0, (13a)

3t
—(1+ /,Ls)Ug(Wg(ts, ) +LsL —s5)+0 <0, with equality if s¢ > 0, (13b)
Usg(Ws —ss +sp)(1+ us) — Ug(Ws + sp)is
—urp —o <0, with strict equality if s; > 0, (13¢)
—(0 + pr)/(1 + pus) € Q). (13d)

Since Q may not be differentiable at all points, 3S2(y) denotes the set of subgradients of Q at
y in condition (13d). With ss > 0, (13b) ensures that the bracketed expression in (13a) will
be negative when w1y > 0. It then follows from (13a) that z; > 0, since dWs/dt; < 0 and
the second term will be zero when evaluated at 1, = 0. This expression illustrates that it will
be useful to trade some reduction in world welfare in order to obtain some relaxation of L’s
incentive constraint in this region. The result that #; > 0 combined with the fact that (ICL) holds
with equality at V; € (VIfV , V) yields 6(y — V) = —W_(t,) < 0. Therefore, the payoff to L
will remain in the region where (ICL) is binding for all time periods i.
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Using (13d) and the Envelope Theorem, it can be seen that o (i) must be rising over time,
which implies a strictly decreasing per-period payoff to S over time from (13b). The intuition
here is similar to that obtained in (9) for the linear case, where a promise of higher payoff
in the future to L is used to relax (ICL). Note however that in the case with strictly concave
utility there is a trade-off between static distortions and intertemporal distortions when there is a
consumption smoothing motive. The requirement that V, rise over time in the optimal contract
introduces an intertemporal distortion because the consumption profile of S is not stationary.
Since W (t1)+38y = VI{V when (ICL) is binding, a positive tariff can be used to slow the increase
in V; over time. The optimal trade agreement gradually reduces both of these distortions over
time, with the agreement moving along the frontier toward the first-best level and the incentive
constraint becoming less binding. Gradual adjustment did not arise with linear utility because
there was no efficiency loss associated with a rapid increase in y. Note also that in contrast to
Proposition 2 and its corollary, Proposition 3 shows a case where #;, > 0 when (ICL) is binding.

A similar gradualism result can be established for the region V; > V/*. In the case with
linear utility, this region exhibited a positive first-period tariff followed by a jump to a first-best
contract. With strictly concave utility, we obtain a gradual reduction of tariffs for this region of
the frontier as well.

Proposition 4. Suppose & > € and Uy is strictly concave in the case where S is
infinitesimally small.

@ IfVp e (V/*, V"), up =0, us > 0,25 =0, >0, s >0ands, =0.

(b) The payoff to L will be decreasing over time and will satisfy VL, > y > V;*. The large-
country tariff will be positive and will decline over time, and the transfer paid by the small
country will rise over time. Free trade will be reached asymptotically.'*

Propositions 3 and 4 illustrate that with § > &€, the region where stationary free-trade
agreements are sustainable is bounded on either side by regions on which the incentive constraint
of one of the countries is binding and the efficient agreements are non-stationary. This feature
of the frontier is similar to that obtained in Proposition 2 for the case with linear utility. The
efficient trade agreements with strictly concave Ug will involve a monotonic adjustment of
country payoffs along the frontier that reaches the first-best region asymptotically, rather than
a one-step adjustment as obtained in the linear utility case. Proposition 3 also introduces the use
of 77, in the case where (ICL) is binding, which did not happen with linear utility. Note however
that Propositions 3 and 4 still have the attribute that a country that is imposing a tariff will never
pay a transfer, as in Lemma 4.

4. TRADE AGREEMENTS WITH SUNK INVESTMENTS

In this section we investigate how the results of the previous sections are altered if producer
decisions about output supplies are made prior to the choice of tariffs by the government. Sunk
costs are potentially an important element in agreements between small and large countries, as

14. The major difference between this result and the one obtained in for the case where (ICL) binds is that it is not
in general possible to prove that 2 is concave in the region. For the large country, the deviation payoff is convex in 17,
which allows concavity to be proven for the interval where (ICL) is binding. On the other hand, the deviation payoff to S,
Us(Ws(t1)) + BVSN , is not necessarily a convex function of 77 Since Wy is convex in 77, the deviation payoff will be
convex in ¢; when Usg is linear (or not too concave) and we obtain concavity of €2 as in Lemma 3. This result will not
necessarily hold when the degree of risk aversion is high. However, it is possible to show that the payoff to S must be
rising over time under the agreement even if 2 fails to be concave.
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emphasized by McLaren (1997), because small-country investments that have been committed
with an eye toward the large-country market are potential hostages to changes in the trade
policy of the large country. In order to maintain tractability and to focus on the role of sunk
investments, we maintain the parameterization of demand and supply as in the previous section
for the infinitesimally small-country case but simplify intertemporal preferences by returning to
the assumption that Uy is linear. Thus, we again use the corollary to Proposition 2 as a benchmark
against which the role of the timing of decisions can be illustrated. We show that the existence
of sunk investments introduces a new role for tariffs in efficient trade agreements. In the model
without sunk costs, the role of tariffs is to relax incentive constraints by serving as an alternative
transfer mechanism between countries. In contrast, we will show that in the model with sunk
investments the tariff has the additional role of deterring deviation by reducing the degree of
specialization by the small country, and thus reducing the deviation incentive of the large country.
In particular, we show the existence of efficient trade agreements with s; > 0 and t;, > 0. This
possibility cannot arise without sunk investments, as illustrated by Lemma 4(a).

Each period is assumed to be made up of three stages. In the first stage, resource owners
choose their allocation of resources between tradeable goods and the rest of the economy.
Countries choose their tariff rates in the second stage, and consumers then choose their
consumption bundles in the final stage. For S, the demand schedule is identical to that in the
previous section. The supply schedule for good i(i = 1,2) in Sis X ,S = ais + ﬂpfe, which
differs from that in the previous section only in that suppliers base their decision on the price
expected to prevail at the end of the period. For L, we again analyse the limiting case in which L
is arbitrarily large relative to the small country, so its internal prices are unaffected by S and are
given by piLA = (A - oz,.L) /(B + B).1 Since world welfare is maximized at free trade in this
model and payoffs are linear, the first-best frontier will be linear as in (3).!6

4.1. Non-cooperative equilibrium in the one-shot tariff game

We begin by deriving the subgame perfect Nash equilibrium of the one-shot tariff-setting game
with sunk investment decisions. To solve for the subgame perfect Nash equilibrium, we first
derive the Nash equilibrium of the second-stage tariff game, given the output levels chosen by
agents in the first stage. We then derive the supply decisions of agents in the first stage, given that
they correctly anticipate the tariffs imposed by the governments in the second stage. Letting a
“A” over a variable denote a best response to a given output level, the large-country optimization
problem can be expressed as

WL(X35) = max, 1. (X3 — A + B(p:* —11)),

. X5 — A+ BplA awL . (14)
LX) = 22— 3X§=tL(x§)>o.

15. Note that the case we examine is the limiting case as A — oo of the model of Section 2 when firms in both
countries make investments prior to the realization of the tariff vectors. Since small-country policies do not affect large-
country prices in the limiting case, expected and realized returns to large-country producers will be the same regardless
of the values of tg and ¢;, that are chosen.

16. Although the investments in this model are irreversible at the time tariffs are set, the economic environment is
still stationary in that these investment levels do not affect the production set in subsequent periods. In contrast, Lockwood
and Thomas (2002) study a model in which two players are choosing the level of an irreversible investment in a repeated
prisoner’s dilemma game, with the current period investment level affecting the production set in subsequent periods.
In their model, irreversibility prevents a player from punishing deviations because investment levels cannot be lowered
to the non-cooperative level. Deviation is deterred in their model by promises of future cooperation, which results in
gradual increases in investment levels over time. Chisik (2001) examines a trade model with irreversible investments of
this type with symmetric countries.
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The greater is the commitment of resources by S to its export sector, the higher is the tariff
imposed by L and the higher is the payoff to L. Similarly, the best response for S can be derived
from
A/B

Ws(rz, X7, X3) = maxe;y 2[[
2 ),

+15(D{ (1" +15) — X7),

Xiy —qof
DS wydu + pSX$ —/0 5 : vdu]

tg=0, — =p> — - L. =D —-t)—X 0. (15
s ox’ p; i oL > (D3 L)—X; <0. (15)

The optimal tariff for S will be 0, regardless of the initial level of X S , because S obtains no terms
of trade benefits from raising its tariff.

In the first stage, resource owners choose their output levels based on their expectations
of second-stage prices. In the small country’s importable sector, a zero tariff is anticipated
and supply will equal the free-trade level, X 15 =a1+ 8 p{“A. In the exportable sector, the
expected price is szA - fL(Xg) and the equilibrium output level is the solution to Xg =
ag + ﬂ(pZLA -1 (Xg)). Solving this equation yields the following characterization of the
subgame perfect Nash equilibrium tariff and welfare levels:

AN _ @ -y N_0: VN = WL(ip) ON — WS(O”AII‘V)‘ (16)
L= p+2B"’ § LT o —g § 1-6

Note that tA,{V will exceed the tariff rate that would result if the large-country tariff could be set
before the values of X; were chosen by producers (i.e. tl’Y from (2)). This reflects a cost to the
large country associated with its inability to commit to a tariff rate when there are sunk costs in
each period.

4.2. Incentive compatible trade agreements with sunk investments

The objective functions in (14) and (15) can also be used to derive the payoff to the respective
countries if they make the optimal deviation from a trade agreement which specifies a tariff
pair (tr, ts). First consider a deviation by L. Since firms in the S export sector choose their
output level anticipating the trade agreement will hold, their output choice can be denoted
X5(t) = o5 + B(pfA —t1). The optimal deviation for L will then be fL.(X3 (1)) as defined
in (15), which yields L a deviation payoff of W,f) (tL) = WL X g (t1)). For S, (16) indicates that
an optimal deviation will always involve the choice of a tariff of 0. The deviation payoff to S is
then WSD (ts, tr) = Ws (tr, X f (ts), X g (t1.)). The following results follow immediately from the
definitions and the results in (15)—(17).

Lemma 5.

(a) L’s deviation payoff is a convex function of tp, with a;:/LLD = —BiL(Xa(ty)) <O.
WP (1) — Wi (tr) is convex in tr, with WP (1) — W () = 0.

(b) S’s deviation payoff is convex in t; and concave in ts, with 8WSD /ots = —Bts <0 and
AWP /o1, = D3 (P2 — 1) — X5 (1) < 0.

The payoff functions for L are illustrated in Figure 2. The W, (1) function is from (11), which
denotes the payoff to L in the case in which supply is variable. Note that the only tariff at
which W and Wl? are equal is fﬁ’ , because that is the level at which the anticipated tariff is
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FIGURE 2
Payoffs with sunk investments

L’s optimal tariff. In the previous section, the deviation payoff for L was WY = W, (t,’dV ) for any
initial #;, because firms were assumed to observe a government’s tariff choice before making
their supply decisions. With investment decisions made prior to the tariff choice, there will be
more specialization by the small country the lower the value of ¢, specified by the agreement is
and hence a greater incentive for L to deviate. Lemma 5(a) shows that a higher value of z;, will
reduce the incentive for L to deviate from a free-trade agreement, which will play an important
role in the subsequent analysis.

It is straightforward to show, using an argument similar to that in the case of Proposition 3,
that s = 0 in any optimal trade agreement. Since an optimal deviation by S involves ts = 0, it
follows that WSD 0, 1t) = Wg(0, t1). Therefore, we can write the incentive constraints for this
problem as

(ICL) Wi (1) +ss— s +8y > WP () + 55+ 8V},
(ICS) s —ss +8Q(y) > s, + 8V, (17
An efficient trade agreement will be one that solves the dynamic programming problem

Q(VL) = suptL,ts,SL,ss,yWS(tLv tS) + SL — S§s + 5{2(}’), (18)

subject to (17), (PL) and the non-negativity constraints in (8).

Using arguments similar to those of the previous sections, we can establish the existence
of a critical discount parameter € such that for § > 8, there will exist an interval of payoffs
[V}, V;}*] for which stationary first-best agreements are incentive compatible.!” For values of V.

17. The upper bound of the interval is defined by the maximum transfer that S is willing to pay to maintain
a free-trade agreement, which solves (Ws(0,0) — Tg)/(1 — 8) = Wg(0,0) + 8‘7§V , yielding VZ* = §(Ws(0,0) —
Ws(0, t‘i" ))/(1 — 8). The maximum transfer S is willing to pay will exceed the value without sunk investments (defined
in the corollary to Proposition 2) because the Nash equilibrium payoff to S is lower when investment decisions are made
prior to the choice of tariffs. The lower bound of the interval is defined by the minimum payoff that L must receive
to maintain a free trade agreement, which yields V} = Vliv + Wf (0)5~ L. This value may be either greater or smaller
than the value without sunk costs, because the existence of sunk investments makes deviation more attractive but also
makes the punishment more severe. By showing that the punishment strengthening effect dominates as § gets higher,
Park (2000) emphasizes the potential role of sunk investment in improving the small country’s bargaining position.
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below (above) this interval, (ICL) will be binding ((ICS) will be binding) and non-stationary trade
agreements will be optimal as in the previous cases. The characterization of these agreements is
obtained by solving the optimization problem (18), which yields:

Proposition 5. Suppose that S is infinitesimally small and supply decisions are made
prior to the choice of tariffs. There exists a 8€ such that if§ > 8C, first-best payoffs are attainable
ifVi € [V}, Vi*], where Vi = VN + WP(0)87! and V;* = 8(Ws(0, 0) — Ws(0, 7)) /(1-8).
The efficient agreements outside that range have the following properties:

(@) if Vi > V¥, then (ICS) is binding and (ICL) is slack. {t;, > 0,ss > 0,ts = s =0} in
the first period followed by free trade in all subsequent periods,

) if VL € [WLD ) + sVY, V[), first-best payoffs can be attained by a contract with
{tt = ts = si = 0andss > 0} followed by free trade with y € [V}, V/*] in all
subsequent periods,

() if VL € [VN , WLD ©0) + SVZV ), then t;, > 0 and sp > 0 in the first period followed by free
trade with 'y € [V}, V] in all subsequent periods.

Parts (a) and (b) of Proposition 5 yield trade agreements that have the same form as in the
corollary. Sunk investments play no role in the form of the contract for V, > V;* because S is
too small to have an impact on the terms of trade, and hence it cannot benefit from exploiting
sunk investments in L. If V; < V}, (ICL) will bind and V| = W,f) (tL) +ss + 5\7LN . For
VL € [WLD ©) +8VY, V), (ICL) can be relaxed by lowering the first-period transfer paid by S
as in the corollary. Reductions in s are a more efficient means of relaxing (ICL) than increases
in 77 in this region, because they involve no reduction in world welfare.

The role of sunk investments is illustrated by part (c) of the proposition. For V; <
WLD 0 + SVLN , free trade is not sustainable in the first period. However, (ICL) can be relaxed
by having 7z > O in the first period of the agreement, because a positive tariff results in
less specialization by S and hence reduces the deviation incentive of L. In this region, t; is
chosen to satisfy V; = WLD (tp) + 8{7LN . The efficient contract can then be achieved by setting
y =Viand s, = W) + W,f) ) — WLD (t) > 0. The payoff to S under this contract
will be Wiy (1) + WP(©0) — WP (1) + 8Q*(V}), where Wy (1) = Ws(0, 1) + W, (r2). This
expression makes clear the trade-off introduced by an increase in #;, since it allows a higher
payoff to § by relaxing (ICL) but also lowers world welfare.'® This contrasts with the case
without sunk investments, where the deviation payoff of L was unaffected by ¢ .

Proposition 5 illustrates that efficient trade agreements will offer higher payoffs in the future
to the incentive-constrained countries, so that payoffs will move along the frontier toward the
first-best region as in the previous cases analysed. The difference obtained with sunk investments
is that the large country is less likely to deviate when its own tariff is raised, because the lower
level of specialization by the small country makes deviation less attractive. Note that the trade
agreements in Proposition 5 are characterized by two-step adjustment in the region where one
of the incentive constraints binds. We show in Bond and Park (1998) that multi-step adjustment
similar to those in Propositions 3 and 4 can also be obtained in the case with sunk investments if
Us is strictly concave.

18. The maximum payoff attainable to S occurs at 1]"** = argmax Wy (t) — WLD (L) < ?2’ , which yields
Vi"i“ = WLD (™) + 68 VZV > VLN . The second-best frontier would then be horizontal in the interval [‘72, R Vi“i“].
This difference from the case without sunk investments arises from the role of the tariff in reducing the amount of
specialization by S.
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5. CONCLUSIONS

This paper has focussed on how the variation of payoffs over time may be used to relax incentive
constraints in trade agreements between asymmetric countries, and how this leads to a gradual
reduction in the tariff rates over time. The introduction of an intertemporal distortion is used to
reduce the static trade distortion over time, with both the intertemporal and the static distortion
being reduced asymptotically in the case of strictly concave utility for the small country if the
discount parameter is low enough.

The explanation of the evolution of payoffs over time in a trade agreement between
asymmetric countries differs from that offered by McLaren (1997). In McLaren’s model, the
agreement between the small and large country is renegotiated once the small country has made
its resource allocation decision. The small country’s bargaining power has been reduced by the
fact that it has sunk resources that are specialized to the large-country market. In the model
presented in this paper, no renegotiation takes place over the life of the agreement because the
payoff of the two parties is always on the utility possibility frontier. However, the particular point
on the utility possibility frontier evolves over time in an optimal fashion. Thus, what might appear
to be a shift in bargaining power between the two parties to the agreement is really an attempt to
use variations in transfers and payoffs over time to reduce deviation incentives. Furthermore, the
evolution of payoffs over time could favour either party, depending on which country’s incentive
constraint is binding.

One example of a trade agreement whose features are consistent with this model is the
“Interim” Agreement signed in 1992 between Poland and the European Union. This agreement
spelled out a process of gradual trade liberalization to be completed over a 10 year period.
Since the transformation of the Polish economy from central planning to a market system
would presumably involve a significant reallocation of resources toward goods that would be
marketed in the European Union, the potential for exploitation of these sunk investments by
changes in EU commercial policy would be large. An important feature of this agreement is the
timing of concessions under the agreement. European concessions were primarily made early
in the agreement, in order to stimulate the liberalization process in Poland. In contrast, the
side payments to be made by Poland were primarily made late in the agreement. For example,
concessions by Poland on intellectual property rights, the extension of national treatment to
European companies, and liberalization of financial and insurance services were postponed for
periods varying from 5 to 10 years. This pattern, with Poland the primary beneficiary in the early
stages of the agreement and Europe benefitting more in the later stages, is consistent with a case
in which the incentive constraint is binding for Europe.

Similar issues concerning the time profile of payments arose in the accession agreement
between the U.K. and the European Community in 1971. It was generally agreed that the
mutual tariff reductions associated with U.K. membership would yield a relatively greater gain
to the U.K. than to the Community, because the U.K. (whose GNP was approximately 14% of
Community GNP in 1973) was gaining access to a larger market. These reductions took place
over a 5 year phase-in period during which both parties reduced tariffs at the same rate. However,
in return for market access the U.K. would have to make a significant side payment under the
agreement, because its contribution to the EC budget was expected to be substantially larger than
its benefits from EC spending. Under the formula existing at the time, Britain’s contribution to
the budget was estimated at being 31% of the total budget for the expanded Community of
10 countries, while Britain’s share of repayments from the Community was estimated to be
only 6% of the community budget (Young, 1973). This disparity resulted from the nature of
the contribution formula and the fact that the majority of budget payments were for the common
agricultural policy, of which Britain received little because of its relatively small agricultural
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sector. The negotiations resulted in a transition period in which Britain’s contribution would be
gradually raised from a fixed percentage of 9% of the Community budget in 1973 to 19% in
1977. In the following years, the contribution would rise to the full share under the Community’s
allocation formula. The formula for calculating budget contributions was subsequently revised
somewhat in Britain’s favour when the terms of entry were renegotiated in 1974. The design
of this transition agreement suggests an agreement in which Britain’s incentive constraint was
binding over the entry period, with gains from increased market access being accompanied by
increases in transfers to the EU. The anticipation of rising benefits over time for the U.K. is
reflected in the comments of Young (1973, p. 211) who noted that in subsequent negotiations
“the original Six will no longer hold what is their strongest card in the entry negotiations—the
ability to deny admittance to a British government plainly very anxious to enter”.

The model we have presented has focussed on isolating the effects of country size,
intertemporal preferences, and sunk investments on the form of efficient trade agreements. This
work can be extended to analyse the characteristics of efficient trade agreements when there
are interactions between these cases. For example, our analysis of the sunk investment case has
focussed on the infinitesimally-small-country case, where the small country’s tariff will never be
used. In the case of finite A, it may be optimal to have gradual reductions in both tariffs in this
case, since tariffs have a role for relaxing incentive constraints through transferring income and
through reducing the degree of specialization to the partner market.

APPENDIX

Proof of Lemma 1. Letting M ,ﬁ ( p,{ )= D,{ ( p,{ )—X ,i ( p,{ ) denote net imports of good k by
country j, we can differentiate (1) to obtain the standard decomposition of the effects of tariff
changes into terms of trade and trade volume effects:

AW, : 3pi IML\ [ 3p;
—1 =M,{l(1 - —’-’ﬂ) +t,-(—.ﬁ)(—p'ﬁ) for j = S, L; m =1(2) when j = S(L),
31‘]' 3tj 3p'fn 3tj

Jj
W, — _Mj(apx
oty oty

) for j,k=S,Land j # k; x = 1(2) when j = L(S). (A.1)

Substituting market clearing prices into M,{ yields MIS = A(a{“ — af — (B + B)ts)/(1 4+ X) and
M2L = A(azs — azL — (B + B)tr)/(1 + 1). Differentiating the equilibrium price conditions yields
ap;/dts =A/(1+ 1) =1+ dpL/dts and dpk /a1, = 1/(1+ 1) = 1 + dp5 /31, Substituting
these results into (A.1), we obtain

Ws _ Maf —af —(B+PQ+Mts)  aWL _ Maf —af — (B +B)ts)

ats (14 1)2 dts (14 1) ’
WL _ M~y —(B+AG +2n)  aWs _ A —ef — (B+ )
ot 1+ 1)? L (14 1) '
(A2)
The results of Lemma 1 follow immediately from (A.2). ||
Proof of Lemma 2. Since 3>W; /1,35 = 0, we can define
F 0w,
[0 = WY (), 0,3) = W;(0,0,4) = / iy (A3)
0 j
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N
Differentiating (A.3) and using the envelope theorem yields F;. \) = f(;’ (32W]~ /9tjor)dt;.
Differentiating (A.2), we obtain 3?W /31,91 > O for t;, € [0,1)'] and 3>Ws/dt5d1 < 0.
This yields I'; (A) > 0, T'5(A) < 0.
Similarly, we can define

0w,
®;(A) = W;(0, 1) (M), 1) — W;(0,0,1) = / —Lan, (A4)

0 otk
N
with @, (%) = [& ¥ @?W;/anan)ds; + (@W;/01) (1Y /83) for j.k = S.L and j # k.
From (A.2) and (2) we have 32WL/3tsak > 0,0W./dts < 0, and 3t§v/3A < 0 which ensures
@/, (A) > 0. For the small country, we have 32Wg/d1,9A < 0, d3Ws/dt, < 0, and 3t /o1 > 0
which yields ®(1) < 0.

Since W; is additively separable in the tariffs, W;(t),s¥,1) — W;(©0,0,2) =
@ () + T'j(4). It then follows from the definition that H; (8, A) = —(I'j(*) + 6P (1)). Part (a)
of the lemma follows from the fact that H; is increasing in §, that I';(A) > 0, and that world
welfare is maximized at free trade. Ts will be increasing in A because we have shown that I'g
and ®g are decreasing in A. Ts(1,1) > O results from the symmetry of countries at A = 1
and the fact that world welfare is maximized at free trade. Tg(1,A) > O then follows from
the fact that Ts is increasing in A. For part (c), again note that ®; (1) + 'z (1) < O from
the symmetry of countries at A = 1. 71, will be decreasing in A because we have shown that
@) (1) > 0and I'; (A) > 0. Since lim; _, o tg’ (A) = 0, we have lim; _, oo @1 (1) = 0. This yields
lim) 500 ®L(A) +TL(A) > 0. |

Proof of Proposition 1. From the definition in (6), H;(8, A) is continuous and increas-
ing in § for § € [0,1] and A € [1, 00), with H;(0,A) < 0. From the definition of T;(5, A)
and the properties of H;(8, A), T, (8, 1) and Ts(8, 1) are both continuous and increasing in 8
with lims,0 77 (8, A) + Tg(5, 1) <0 and T (1, 1) + T (1, A) > 0. Therefore, there will exist
a 8€ € (0, 1) such that T (8, ) + T5(8C, 1) = 0. It follows from Lemma 2 that Hg(8, 1)
is increasing in A and Hp (8, A) is decreasing in A, so Tp(8,1) < Ts(8,)) for A > 1.
This implies that for § > €, there exists a non-empty interval [—T7 (8, A), Ts(8, A)] > for
any x € [-TL(8,A), Ts(8,M)], {ss = x,sr = O} is incentive compatible if x > 0 and
{ss = 0,5, = —x} is incentive compatible if x < 0. Lemma 2(c) ensures 77 (8, A) < O for
all A > X, and hence s; = 0 in any first-best contract.

This establishes parts (a) and (b) of the Proposition. Part (c) follows from the substitution
of the payoffs 77 (8, 1) and Tg(8, A) into the definition of V. ||

Proof of Lemma 3. In order to establish this result, we introduce the operator T which is
defined on the cone of upper semicontinuous functions:

THVL) = SuptL,ts,sL,ss,yeB[f](VL)WS(tLa ts) +sL —ss +3f(y), (A.5)

where B[ f1(VL) = {tL,ts,ss,sL, Y|(PL), ICL), (ICS), and t;, tg, sg, s > O are satisfied}.
It is straightforward to show that this problem satisfies assumptions (A.1)—(A.5) of Rustichini
(1998), so that the problem (P) will attain a maximum on the feasible set. It then follows that
Q; = T*Q* forms a decreasing sequence of upper semicontinuous functions whose pointwise
limit, 2, will be upper semicontinuous. The fact that Qoo = TQe = Q and that Q@ > QO if
Q0 is a fixed point of T are established in Theorems 3.3 and 3.4 of Rustichini (1998).!° Since the

19. Existence results for specific incentive problems where the value function enters the incentive constraint have
been provided by Abreu et al. (1990) and Thomas and Worrall (1994). Rustichini’s result is a general one that is readily
applied to the present problem.
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set B[ f1(VL) is non-increasing in Vi, Q will be non-increasing in Vy and hence differentiable
almost everywhere. ||

The proof of the concavity of 2 is obtained by an induction argument using the following
result:

Lemma A.1. If f(VL) is concave, then T[f] as defined in (A.5) is concave in V.

Proof. Consider Vi, Vi such that B[f] # ¢, and let a = (t,ts,5L,5s,Y)
and a’ = (t;,15,57,55,y") be the values that maximize (A.5) at V. and V;, respec-
tively. Define y* =xy+(1—2)y, Vi=AVe+A =NV, 1} =4+ (1 —A)j, and
7l = Wj(tj).‘, 1) — AW, t) +se —sj) — (1 — MW, 4) + s, —s) for j,k =L, S and
j # k. Note that ZS + ZL > 0 by the concavity of world welfare in tariffs.

We have three cases to consider: (i) Z5, ZL > 0, (i) ZL > 0, Z5 < 0, and (iii) Z5 > 0 and
Z; <0.

(i) Define s§ = s} = 0. We first show that a* = (¢}, 1§, s}, s¥, y*) € B[f1(V}). (PL) is
satisfied because WL(tI’},t§) + s§ - s,f + 8y > AM(Wp (tr,ts) +ss — s +8y) + (1 —
MWLy, 1) + s5 — s, +8y) > V} by ZL' > 0 and the feasibility of a and a’. By the
separability of the payoff functions, W;(t;, ) = Sj.” )+ Sf (t), where Sj."’ is a concave
function representing import sector surplus and Sf is a convex and decreasing function
representing export sector surplus (utilizing the results of Lemma 1). Using this decomposition,
(ICL) can be expressed as

S r) + 8yt — 8Pty — 8V = A(SP L) — sp +8y) + (1 — M)(ST(tp) + 8y’ — s7)
—sMaNy-sv} >0, (A.6)

where the first inequality follows from the concavity of S}‘" and sz, s; > 0 and the second

equality follows from the feasibility of @ and a’. A similar argument establishes that a* satisfies
(ICS). The non-negativity of the elements of a* follows immediately from the definition.
This establishes that a* is feasible. The payoff to S with this contract is

W15, 17) + 57 — 5§+ 8f (") = M(Ws(ts, 1) + s — 55 +8f (1)) + (1 = M)W (e, 17)
+s1 =g +8F ),
where the inequality follows from the concavity of f and Z5 > 0. This establishes T'[ f ](Vlf‘) >

AT[f1(VL) + (1 = V)T f1(V]) for this case.

(i) Choose s} = ZL > 0 and s} = 0. The fact that a* satisfies (PL) follows immediately
from the definition of s,’: and the feasibility of a and a’. The non-negativity of the elements of a*
follows from the definitions. Since s§ = 0, the fact that (ICS) will be satisfied by a* follows
from writing the constraint as in case (i). Using the definition of s}d, (ICL) can be written as

MWLz, 15) + 55— s1) + (1= W(WL(t] 1§) + 5§ — sp) +8y* = Wil 1d)
— 8V > A(WL(tp, ts) + 55 — s+ 8y — WLt 15) — 8V)Y)
+ (1= MWL), t5) + 55 —sp + 8y — Wr (e, 15) —sV}¥) > 0.
The first inequality follows from the convexity of Wy, in ts and the second inequality from the
feasibility of  and @’. This establishes that a* € B[ f ](Vz‘).



BOND & PARK GRADUALISM IN TRADE AGREEMENTS 401
Substituting s,): in the payoff to S yields

Ws(th, 1)) + sp —s§ + 80" = WY (e}, 1§) — MWL (1L, t5) + 55 — 51)
— (1= A (WL(ty, t) + 55 —s7) +8f M)
> M(Ws(ts, 1) + 5L — 55 +8f () + (1 — M) (Ws(t§, 1])
+s;, —sg+8F ().

The inequality follows from the concavity of world welfare in the tariff rates and the concavity
of f. This proves the concavity of T'[ f] for this case.

(iii) This case follows by defining sé = Z5 and s,’: = 0 and using the same arguments as
for case (ii). ||

The first-best frontier Q* is concave in Vi, so it follow§ from Lemma A.1 that T"Q* i~s
concave in Vy, for all n. Therefore, the pointwise limit Q, = €2 will be concave. The fact that Q
is concave and bounded will also imply continuity.

Proof of Proposition 2. (a) Suppose V; > V**, which requires (V1) < €( Vi*). We
first establish that #; > 0 and s; = 0 in this region. The fact that (ICS) binds at V;* implies
Q(Vlf*) = Ws(t§V ,0) + 8VSN . In order for (ICS) to be satisfied at V it follows that we must
have W(t_éV JtL) +sp < W(t_éV , 0). In light of Lemma 4 and the fact that Wy is decreasing in ¢,
we must have 1, > 0 and s, =0 for V; > V[*.

We next show that we must have 0 = 1 + ug in this region. The necessary condition for
choice of sg ensures that 0 < 1 + pug, so we prove the result by assuming 0 < 1 + s (which
requires ss = 0) and showing a contradiction. The fact that (ICL) is satisfied at V;* ensures
that V;* > W (), 0) + Ts + 8V}Y, so (ICL) cannot be binding for V;, > V;* with ss = 0.
Substituting £, = 0and o < 14 s in (9) yields the requirement that —o /(14 5) be contained
in the subgradient of Q at y (which we denote by 3S2(y)), since we have not established that
is differentiable everywhere. It then follows that y < V/ by the concavity of Q. Since (ICL) is
slack in this contract it must be the case that (ICS) is binding. However, y < V/' is not consistent
with the fact that (ICS) is binding at V; with sg = 0. To see this note that (ICS) binding implies
0 = Ws(rs, 1) — Ws(tg, 1) + 8(Q(y) — Vi) < Ws(0,0) — Ws(1g', 0) + 8(Q(V;™) — V),
where the inequality follows from the fact that (ICS) binds at V;/* with Ts > 0. By the
separability of Ws and the fact that Wy is increasing in g over the feasible range, this inequality
implies Q(y) < Q*(V[™*). However, this contradicts the requirement that y < V. Therefore, we
have established that o = 1 + pg. Substituting this result in the necessary condition for choice
of tg, it can be seen that we must have tg = 0.

The fact that 0 = 1 + g can be substituted into the necessary condition for choice of y to
obtain the result that —(1 + 1) € BQ(y). We now show that ©; = 0, which ensures that y will
be in the efficient region of the frontier with - (y) = 1. Suppose to the contrary that u; > 0,
which requires that (ICL) bind at V- The fact that (ICL) binds at V; and is satisfied at V;*
implies 0 = Wy (t,0) — W, (tN,0) + 8(y — VN) < WL(0,0) — WL (tN,0) + 8(V;* — V).
Since Wy is increasing in ¢, for the relevant range this requires y < V* and hence x > —1 for
all x € 3Q(y). However, the necessary condition for choice of y requires that the subgradient
of  contain an element less than —1 if 47 > 0. This yields a contradiction so we must have
wr =0and - (y) = 1.

These results allow us to characterize the optimal contracts for V;, > V/* in the manner
discussed in the text.
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(bi) Suppose V. < V; and Ty > 0. In this case the argument proceeds exactly as
in the previous case to establish that the optimal contract will have t; = sg = us = 0,
ts > 0, uy +0 = 1, and - (y) = 1. An explicit relationship between V; and tg in this
region can then be attained from (ICL), which requires that V;, = W, (t,’dV ,ts) + SVZV . Using
the separability of Wy, it follows that (sr,y) must satisfy s, > 0, y € [V}, V/*], and
—sL+8y = WLt} ts) — WL(0,t5) + 8V = W, (t),0) — W(0,0) + 8V = —T;, + 8V

(bii) If T, < 0, then V;} = Wy (tN,0) — Ty + 8VN. For Vi, € [W (t),0) + 8V, V}),
a first-best payoff level is attainable by setting sg = V;, — W, (ti" ,0) — ¢SVIfV and y = V}. The
former condition ensures that (ICL) is satisfied with equality, and the latter yields the desired
payoffto L.

For V;, < W, (t,{v ,0) + 8V satisfaction of (ICL) will require ts > 0 and ss = O.
The argument then proceeds as in (bi) to establish that t; = s¢ = us = 0, ur + o0 =1,
and —fZ’(y) = 1. As in (bi), the terms (s., y) must satisfy s, > 0, —sp + 8y = &V, and
y e VL VE*L I

Proof of Proposition 3.  For the case of concave Ug, we introduce the operator T which is
defined on the cone of upper semicontinuous functions:

(Tf)(VL) = 8UPy, sosp.55,veBLAIV) US(Ws (L, ts) + s — ss) + 8f (), (A7)

where B[ f]1(VL) = {tL, ts, ss,sL, Y|(PL), ICL), (ICS) and t, ts, ss, s > O are satisfied)}.
The argument in Lemma 3 can be used to establish that Q is a fixed point of T, and that € will be
upper semicontinuous. Since the set B[ f1(V.) is non-increasing in Vy, Q will be non-increasing
in V; and hence differentiable almost everywhere. Furthermore, we show in Bond and Park
(1998) that 2 is differentiable at V;* and V;* with (V) = Q¥ (V}) and ' (V;*) = Q¥ (V}*).

The following result, which uses the operators T and B[ f1 defined in (A.7), will be useful
in establishing the properties of 2:

Lemma A.2. Suppose that f(VL) is an upper semicontinuous, non-increasing function
with the following properties:
D) Q < f < Q* for all Vi, such that B[f1(VL) # ¢. (II) f concave on [V,f", Vil If Us is
strictly concave, then

(A) The solution to the optimization problem (A.7) has the properties that (ICL) binds on
[VN, Vi), (ICS) is slack on [V,f", Vi)sL =0t >0,andy < V.
®B) T f (VL) is an upper semicontinuous, non-increasing function that satisfies properties (I)—

an.

Proof. (A) We prove (A) by showing that these properties hold for the solution to the
optimization problem T, where g = f for V., < V' and g = Q* for V; > V. Since we will
show that y < V}* for the problem f'g, the contract terms that solve f‘g will also solve f’f because
f <gforVy >V}

(ICS slack). If s; = 0, the fact that f"[g](VL) > fZ(V,f*) > Us(Ws(tL))+8VSN
implies that (ICS) is slack for V, < V. Suppose that s;, > 0 and (ICS)
is binding, which requires g(y) = VSN . It follows from (13c) and (13d) that
Ug(Ws(tL) + s1)/(1 + ps) = —g' (71 (Vg")) = Ug(Wy'), and hence Wis(11) + 51 < W¢' by
the strict concavity of Ug. This would imply f"[g](VL) < V¥, which is a contradiction since
T[el(VL) > QV™).
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(ICL binds). If (ICL) is slack, then the necessary conditions for optimization (given
by (13a)—(13d) with 5 = p = 0) require that 1; = 0 and

~Ug(Ws(0) — 55 +51) € 3g(y)- (A.8)

If (ICL) is slack with 17 = 0 we have —s; + 8y > W,iv +8Vh=5 V7, where the equality
follows from the fact that (ICL) holds with equality at V;*. This implies y > V] . The payoff to
L will satisfy Vi = ss —sp +8y < V[ = =T +8V[,s0s5 —sp + T< 8(V]—y) <0and
Ug(Ws(0) — 55 +51) < Us(Ws(0) + Tp) = —gr7(V[). Therefore, for (A.8) to be satisfied we
must have y < V; by the concavity of g. However, this contradicts our result that y > V" if
(ICL) is slack. Therefore, (ICL) must bind.

(s = 0). Suppose s;, > 0. This will require #;, = 0, as can be seen by substituting (13c)
into (13a). With (ICL) binding, V; = VI{V + ss and s;, > O implies V = VLN . Substituting
this result into (PL) yields sy = §(y — V[). The payoff to S under this contract is given by
Us(Ws(0) +s.) + 8g(V} + 5. /8). However, the payoff under this contract is maximized by
choosing s, = 0, since Ug(Ws(0) +s)< Ug(Ws(0) + Tr) < —g'(V} + s1/8) by the strict
concavity of Us, the definition of g, and y > V. Therefore, we have a contradiction with the
assumption that s; > 0.

(tL> 0,y < V7). From (13a) and (13b), it follows that ss > 0 and p; > O are
sufficient to ensure t; > 0. If sg¢ = O, the fact that (ICL) is binding requires that the
choices of ¢; and y satisfy VLN = Wi (t) + 8y. Substituting this result into the payoff for
S yields Us(Ws(t1)) + 8g((V,fV — Wir(z1))/8). Differentiating this expression with respect to
11, and evaluating at 1, = 0 yields Ug(Ws(0))(dWs/dt) + Ug(Ws(0) + Tr)(dW/d11). This
expression must be positive from the fact that dWw /07, = 0 att;, = 0, Us is strictly concave,
and Ty < 0. Therefore, we must have 7, > 0. The fact that (ICL) binds at V; and V;' yields
8(y — V{) = —Wr(tL) < 0. Therefore, y < V}.

This establishes that the solution to T[g] satisfies (A) of the Lemma. It then follows that the
solution to T'[ S has the same properties by the above argument.

(B) T f satisfies (I): From the definition of T f, the fact that it is non-decreasing in f, and
the fixed point property of 2, we have Q* > TQ* > T f> T = Q.

f’f satisfies (II): Choose V., Vi € [VLN, VZ] and let a = {tz,ss,5.,y} and @’ =
{t} 5%, s, y'} be the associated actions that maximize the objective function. Defining V} =
AVL + (1 — A)V], we define the action a* to be y*= Ay + (1 — 1)y, 3= rtp+(1 — V)i,
sy = max(0,—Z), and s} = max(0, Z) where Z = Wr(t})— A[WL(tr) + 55 —sL] —
(1 — M[Wr(tp) + 55 —s;]. It can then be shown that a* is feasible and yields a payoff
exceeding AT[f1(VL)+ 1 —MT[f ](Vi) using an argument identical to that in the proof of
Lemma A.1. ||

Since the first-best frontier is continuous, decreasing, and concave it satisfies the conditions
of Lemma A 2. It then follows by induction that the function 7" Q* is concave on [V}, V}) for
all n by Lemma A.2. The limit of this sequence, which is Q by Lemma 3, will also be concave
on [ VI{V , V'), which proves part (a) of the proposition.

Since  satisfies the conditions of Lemma A.2, Lemma A.2 (A) yields uy > 0,1 > 0,
us =ts =sL =0,and y < V}. (ICL) will be slack with ss = 0 for V,, > VN, soss > 0. With
y <V}, wemusthave pup (i), ur (i +1) > Oand us(i) = us(i + 1) = 0. Since (13b) must hold
atiand i+ 1, it follows that g (i) = Ug(Ws(tL(i 4+ 1)) — ss( + 1)) — Ug(Ws(tL (i) — ss())
> 0. By the strict concavity of Ug, Ws(z1 (i)) — ss(i) is a decreasing sequence. It then follows
that Vg(i) is a decreasing sequence on the interval [Q(vy), Q*(V})), and hence will have a
limit in [$(VL), Q*(V{)]. Note that VL (i) will then be an increasing sequence on [V, V}),
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since €2 must be decreasing in V; for Vp > Vi“i". The sequence Ws(tp(i)) — ss(i) must be
bounded below by Ws(0) + T and will be convergent, so the sequence U g(WS (tL(@)) —ss@@))
will be bounded above by U _/9( Ws(0)) + T1) and will be convergent. Since this sequence must
be a Cauchy sequence, it follows that lim; o ur (i) = U_/g(WS(tL(i + 1)) —ss@+1)) —
Ug(Ws(tL(i)) —s55(i)) = 0.Since up > Oforall Vp < V/, we must have lim; o V. (i) = V.

Since (ICL) binds ati and i + 1, ss(i + 1) —s5(})) = V(i +1) — V(i) > 0. A binding
(ICL) also implies that Wy (¢ (i)) + éy(i) = Vg , which when combined with the previous result
yields Wy (tp(i)) — Wr(tr (i + 1)) =8(y(@ + 1)) — y(i)) > 0 and #;,(i) will be a decreasing
sequence. Rewriting (13a) using d Wy /0ty = —t; (B + B) and dWs/0dt; = —ag + a{‘ + (B +
B)tr, we obtain t;= puy (@5 —as)/[(B + B)(o +2u1)]. Therefore, lim; _, oo 2 (i) = O implies
lim; 500tL(i) = 0. |

Proof of Proposition 4. (ss > 0). Suppose ss = 0. (ICS) requires fZ(y) > V]SV in this case,
so (ICS) must be slack if fZ(y) > VSN . Suppose Q(VL) < VSN . (ICS) can only be satisfied in this
case if 11 > tg’. However, (13a) can be rewritten as [U&(Ws —ss+sp)( + ps) — Ug(WS +
sp)usl(@Ws/ot) + (up + o)(@Wr/dty) < 0. This expression must be strictly negative when
evaluated at t; > tiv because the first term will be negative and the second term will be non-
positive with & > 0. Therefore, we must have t; < tf’ in the negatively sloped region of
the efficient frontier and hence Q(Vf‘a") > V_év . This establishes that (ICS) is slack if sg = O.
Similarly, (ICL) requires Vy > VLN + s5, which must be satisfied if s¢ = 0. With us = u; =0,
(13a)—(13c) implies t;, = 0 and (13b), (13c) imply Ug(Ws(O) + s1) = o. Denote the time at
which s¢ = 0 as time 1, and let time i denote the first time { > 1 at which sg(i) > O.
Since us(j) = ur(j) = 0 for j < i, repeated application of (13d) yields o (i) = o(1). We
have from (13b) that (1 + us(i))Ug(Ws(tr) — ss(i)) = Ug(Ws(0) + s.(1)), which requires
Ws(t (i) — ss(i) > Ws(0) + sp(1) by the strict concavity of Us. This yields a contradiction
since Wy is decreasing in #;, = 0, so ss(i) = O and ¢7,(i) = O for all i > 0. However, such an
agreement would imply a first-best outcome with a payoff to L of at most VLN , which contradicts
VL > V*. Therefore we must have sg(i) > O for all i.

(y > V;/* and up = 0) with sg > 0, we can use (13b) and (13d) to obtain

KL
1+ us

Ug(ws — s5) + € —3Q(y), (A.9)
where (A.9) allows for the possibility that Q is not differentiable at y. Suppose that
Us is strictly concave and y < V™. Q is concave on [VZV , V/*] and differentiable
at V;*, so (A.9) yields Ug(Ws(rL) —ss) < —Q(V:*) = Ug(Ws — Ts). With Ug strictly
concave, Us(Ws(t) — s5) > Us(Ws(0) — Ts). Furthermore, y < V;* yields Q(y) > Q(V;*).
Together these inequalities imply $2(Vy) > €( V/*), which is a contradiction because
Q(Vy) < Q%(Vp) < Q(Vf*) for Vi > V;* from the properties of the first-best frontier.
Therefore, y > V/*. With sg > 0, (ICL) requires that W (¢1) + 8y VLN . The fact that (ICL)
is satisfied at V;* with 1, = 0 yields V™ > VIfV ,$0y > V* and the fact that WL (¢1) > Ois
sufficient to ensure u; = 0 and ¢; > 0.

(us > 0). Suppose that s = 0, which would require ¢;, = 0 from (13a)—(13c). The fact that
(ICS) binds at V;* yields Q*(V;*) = Us(Ws(0) — Ts(8)) + 8Q* (V™) = Us(Ws(0)) + 6VSN.
For Vi, > V** we have QVp)< Q*(Vp) < Q*(V;*) which would be a violation of (ICS) with
t;, = 0. This yields a contradiction, so s > 0.

With sg > 0 and u; = 0, the necessary condition (13b) for choice of sg at time
iis (1 +u5(i))U§(WS(tL(i)) — s5(i)) = o). Since y(i) > V;*, we must also have
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A+ ps@ + DHUG(Ws(tL (@ + 1)) — ss@ + 1)) = o(@ + 1). Since —o(i+1) € 88~2(y)
by the envelope condition, it follows from (13d) and these two necessary conditions that
A4+ pug+ 1))U§(W5(tL(i +1)—ss@+1)) = Ug(Ws(tL(i)) — s5(i)). With strictly concave
Uy this implies that Ws (s (i)) — ss(i) < Ws(tL (i + 1)) — ss(@ + 1). Since this holds for all
i, we have Q(i) < Q(i + 1). The fact that (ICS) binds at i and i 4+ 1 with sg > O implies
Us(Ws(tL (i + 1)) > Ug(Ws(¢£(i)), so tr (i) will be a decreasing sequence. A binding (ICS)
also implies that 8 +2)—QG+1) = (Us(Ws(tr.(i + 1)) — Us(Ws(tr. G + 1) — ss(i+
1)) — (Us(Ws(tp(i))) — Us(Ws (L (@) — ss(i))) > 0, which requires ss(i) be an increasing
sequence.

The sequence Ws(tp(i)) — ss(i) is increasing and is bounded above by Ws(0) —
Ts(8), so it must achieve a limit, as will the decreasing sequence U g(Ws(tL @) — ss@)).
Since Ug(Ws(tL(i)) — ss(i)) is a Cauchy sequence, the sequence Ug(Ws(tL(i)) — ss(i)) —
U_’g(WS(tL G+1)—ss@+1) =us@+ l)Ug(Ws(tL(i + 1)) — sg(i+1)) must converge to zero,
which requires that u s converge to zero. The necessary condition for choice of ¢; in (13a) can
be expressed as 1,.(i) = (s (O U§(Ws (1. (D)) (@3 — aD))/[(0 + usOUEWs(tL))(B + B)),
which will converge to zero as ws(i) converges to zero. ||

Proof of Proposition 5. The major difference between the optimization problem in (18)
and that in (7) for the infinitesimally-small-country case is that the deviation payoff for L is a
function of ¢ . It is straightforward to prove Lemma A.1 for this case. Specifically, the fact that
WLD (t1) is convex in t; (Lemma 5) ensures that inequality in (A.6) will hold in this case. This
result can then be used to prove that  is continuous, concave, and non-increasing as in Lemma 3.

Since  is differentiable almost everywhere, we can characterize the contract terms by
forming the Lagrangian for (18). The necessary conditions for 77, and s;, become

2143 IWs oW 3WLD . I
—1 - <0, th lity if ¢ 0,
(up +o ) o1, +(8tL + o ) L o = with equality if 17, >
(A.10a)
1—pup—0 <0, with equality if s; > 0. (A.10b)

Since BWf /oty < 0, we have both u;, > 0 and 1 + o > 1 as sufficient conditions for ¢;, > 0.
Note that in contrast to the result of Lemma 4, s; > 0 is not sufficient to ensure t; = 0. It can
be shown using the same arguments as in the proof of Proposition 2(a) that for V;, > V;*, we
willhaveo =1+ us > 1, uy = 0,55 > 0, and ¢;, > 0. This yields a two step adjustment as
in Proposition 2a, and the frontier in this region can be derived as in footnote 11. Part (b) can be
proven by noting that if V;, € [W{’ ©) + SVLN , V), a first-best payoff level can be constructed
by setting ss(1) = Vi, — WP(0) — 6V} and y = V.

For V; < WLD 0 +4 IA/I{V , (ICL) will be violated for any agreement with 77 = 0 and
payoffs to S must be below the first-best level. It then follows from the concavity of Q that
o < 1 in this region, which can be substituted into the necessary condition for choice of ss to
establish that ss = 0. Condition (A.10b) requires o + p; > 1, so ur > 0 and (ICL) will hold
with equality in this region. We will derive the remaining contract terms under the assumption
that us = 0, and then show that (ICS) is slack in the resulting contract. With sg = 0, we
must choose #7,3Vy, = WP (t1) + 8V} for (ICL) to be satisfied. Let V""" = inf{V,|o > O for
allo € —9Q(Vy)}. For Vi € (Vl’f‘i“, Wz) 0) + 8‘75’ ), (PL) and (ICL) will hold with equality
which requires s;, = Wr(t1) — W,f) (tp) + 8(y—VIfV ) and s; > 0. In this region, we can find
the optimal contract by substituting this expression for s; into Vs and choosing y to maximize
Vs. The necessary condition for choice of y yields —Q'(y) = 1 if s; > 0. This necessary
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condition is satisfied for y € [V[, V}*], since these contracts are first-best and will satisfy
si > 0. WLOG choose y = V} and sp = W (1) + WP(0) — WP(t) > O forzp > 0.
This contract satisfies (ICS) because Q*(V}) > VLIV . The payoff to S under this agreement is
Vs(tL) = Ws(tL)+Wo(tL)— WP (1) — 8(V w(0)— V), where Vi (0) = Ws(0)/(1 — 8) is the
discounted world surplus under free trade. Since ¥ (1) = Ws(tp)+Wr (1) — Wf’ (tL) is concave
in 7, with ¥'(0) > O and y/(7}) < 0, there will exist a value V" € (VN, WP (0) +5V}) at
which the payoff to S is maximized. For V; < V™", (PL) will be slack and hence Q(Vy) =0.

Thus, for V; € [VN s WI? ©0) + SVIIY ) the optimal contract will have a positive tariff in the first
period followed by a jump to a payoff in the first-best region in subsequent periods. ||

Acknowledgements. ~ We have benefited from comments from seminar participants at the University of Maryland,
EPRU, Michigan State University, University of Windsor, Midwest International Economics meetings, and Stanford
Institute of Theoretical Economics Workshop on Recursive Dynamics. We also thank Mark Armstrong, Alexei Deviatov,
Neelam Jain, Kala Krishna, John McLaren, and anonymous referees for comments on an earlier draft.

REFERENCES

ABREU, D. (1988), “On the Theory of Infinitely Repeated Games with Discounting”, Econometrica, 56, 383-396.

ABREU, D., PEARCE, D. and STACCHETTI, E. (1990), “Toward a Theory of Discounted Repeated Games
with Imperfect Monitoring”, Econometrica, 58, 1041-1063.

BABARINDE, O. (1994), The Lome Conventions and Development: An Empirical Assessment (Aldershot: Avebury).

BAGWELL, K. and STAIGER, R. (1990), “A Theory of Managed Trade”, American Economic Review, 80, 779-795.

BOND, E. W. and SYROPOULOS, C. (1996), “Trading Blocs and the Sustainability of Inter-regional Cooperation”,
in M. Canzoneri, W. J. Ethier and V. Grilli (eds.) The New Transatlantic Economy (Cambridge: Cambridge
University Press).

BOND, E. W. and PARK, J. (1998), Gradualism in Trade Agreements between Asymmetric Countries (Penn State:
Manuscript, Department of Economics).

CHISIK, R. (2001), Gradualism in Trade Agreements: A Theoretical Justification ((Manuscript, Department of
Economics, Florida International University).

DEVEREUX, M. (1997), “Growth, Specialization, and Trade Liberalization”, International Economic Review, 38,
565-585.

ETHIER, W. J. (1998), “Regionalism in a Multilateral World”, Journal of Political Economy, 106, 1214-1245.

FURUSAWA, T. and LAI E. (1997), “Adjustment Costs and Gradual Trade Liberalization”, Journal of International
Economics, 49, 333-361.

KENNAN, J. and RIEZMAN, R. (1988), “Do Big Countries Win Tariff Wars?”, International Economic Review, 29,
81-85.

LAZEAR,E. (1981), “Agency, Earnings Profiles, Productivity, and Hours Restrictions”, American Economic Review, 71,
606-620.

LOCKWOOD, B. and THOMAS, J. (2002), “Gradualism and Irreversibility”, Review of Economic Studies (forthcoming).

MCLAREN, J. (1997), “Size, Sunk Costs, and Judge Bowker’s Objection to Free Trade”, American Economic Review,
87, 400-420.

MUSSA, M. (1986), “The Adjustment Process and the Timing of Trade Liberalization”, in M. Choksi and
D. Papageorgiou (eds.) Economic Liberalization in Developing Countries (Basil, NY: Blackwell).

PARK, J. (2000), “International Trade Agreements between Countries of Asymmetric Size”, Journal of International
Economics, 50, 473-495.

RUSTICHINI, A. (1998), “Dynamic Programming Solution of Incentive Constrained Problems”, Journal of Economic
Theory, 18, 329-354.

STAIGER, R. (1995a), “International Rules and Institutions for Trade Policy”, in G. M. Grossman and K. Rogoff (eds.)
The Handbook of International Economics Vol 3 (New York: North-Holland).

STAIGER, R. (1995b), “A Theory of Gradual Trade Liberalization”, in J. Lenvinsohn, A. Deardorff and R. Stern (eds.)
New Directions in Trade Theory (Ann Arbor: University of Michigan Press).

THOMAS, J. and WORRALL, T. (1994), “‘Foreign Direct Investment and the Risk of Expropriation”, Review of Economic
Studies, 61, 81-108.

WHALLEY, J. (1998), “Why Do Countries Seek Regional Trade Agreements”, in J. A. Frankel (ed.) The Regionalization
of the World Economy (Chicago: University of Chicago Press).

YOUNG, S. Z. (1973), Terms of Entry: Britain’s Negotiations with the European Community, 1970-72 (London:
Heinemann).



http://www.jstor.org

LINKED CITATIONS
-Pagelof4-

You have printed the following article:

Gradualism in Trade Agreementswith Asymmetric Countries

Eric W. Bond; Jee-Hyeong Park

The Review of Economic Sudies, Vol. 69, No. 2. (Apr., 2002), pp. 379-406.

Stable URL:

http://links.stor.org/sici 2si ci=0034-6527%28200204%2969%3A 2%63C379%3A GI TAWA %3E2.0.CO%3B2-1

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

[Footnotes]

“Growth, Specialization, and Trade Liberalization
Michael B. Devereux

International Economic Review, Vol. 38, No. 3. (Aug., 1997), pp. 565-585.
Stable URL:
http:/links.jstor.org/sici 2si ci=0020-6598%28199708%2938%3A 3%3C565%3A GSA TL %3E2.0.CO%3B2-B

“Foreign Direct Investment and the Risk of Expropriation

Jonathan Thomas; Tim Worrall

The Review of Economic Sudies, Vol. 61, No. 1. (Jan., 1994), pp. 81-108.

Stable URL:

http:/links.jstor.org/sici 2sici=0034-6527%28199401%2961%3A 1%3C81%3A FDIATR%3E2.0.CO%3B2-A

° Agency, Earnings Profiles, Productivity, and Hours Restrictions
Edward P. Lazear

The American Economic Review, Vol. 71, No. 4. (Sep., 1981), pp. 606-620.
Stable URL:

http://links.jstor.org/si ci ?sici=0002-8282%28198109%2971%3A 4%3C606%3AA EPPAH%3E2.0.CO%3B2-O

‘A Theory of Managed Trade
Kyle Bagwell; Robert W. Staiger

The American Economic Review, Vol. 80, No. 4. (Sep., 1990), pp. 779-795.
Stable URL:

http://links.jstor.ora/sici?si ci=0002-8282%28199009%2980%3A 4%3C779%3AATOMT%3E2.0.CO%3B2-2

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0034-6527%28200204%2969%3A2%3C379%3AGITAWA%3E2.0.CO%3B2-1&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0020-6598%28199708%2938%3A3%3C565%3AGSATL%3E2.0.CO%3B2-B&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0034-6527%28199401%2961%3A1%3C81%3AFDIATR%3E2.0.CO%3B2-A&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0002-8282%28198109%2971%3A4%3C606%3AAEPPAH%3E2.0.CO%3B2-O&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0002-8282%28199009%2980%3A4%3C779%3AATOMT%3E2.0.CO%3B2-2&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page2of 4 -

®On the Theory of Infinitely Repeated Games with Discounting

Dilip Abreu

Econometrica, Vol. 56, No. 2. (Mar., 1988), pp. 383-396.

Stable URL:

http://linksjstor.org/sici ?sici=0012-9682%628198803%2956%3A 2%63C383%3A OTTOI R%3E2.0.CO%3B2-B

’Do Big CountriesWin Tariff Wars?

John Kennan; Raymond Riezman

International Economic Review, Vol. 29, No. 1. (Feb., 1988), pp. 81-85.

Stable URL:

http:/links.jstor.org/sici 2sici=0020-6598%28198802962929%3A 1%3C81%3A DBCWTW%3E2.0.CO%3B2-T

“Toward a Theory of Discounted Repeated Games with |mperfect Monitoring
Dilip Abreu; David Pearce; Ennio Stacchetti

Econometrica, Vol. 58, No. 5. (Sep., 1990), pp. 1041-1063.

Stable URL:

http:/links.jstor.org/sici 2si ci=0012-9682%28199009%2958%63A 5%3C1041%3A TATODR%3E2.0.CO%3B2-

“Foreign Direct Investment and the Risk of Expropriation

Jonathan Thomas; Tim Worrall

The Review of Economic Sudies, Vol. 61, No. 1. (Jan., 1994), pp. 81-108.

Stable URL:

http://links.jstor.org/sici ?sici=0034-6527%28199401%2961%3A 1%63C81%3A FDIA TR%3E2.0.CO%3B2-A

References

On the Theory of Infinitely Repeated Games with Discounting
Dilip Abreu

Econometrica, Vol. 56, No. 2. (Mar., 1988), pp. 383-396.

Stable URL:

http://links.jstor.org/sici?sici=0012-9682%28198803%2956%3A 2%3C383%3A OTTOIR%3E2.0.CO%3B2-B

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0012-9682%28198803%2956%3A2%3C383%3AOTTOIR%3E2.0.CO%3B2-B&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0020-6598%28198802%2929%3A1%3C81%3ADBCWTW%3E2.0.CO%3B2-T&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0012-9682%28199009%2958%3A5%3C1041%3ATATODR%3E2.0.CO%3B2-Q&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0034-6527%28199401%2961%3A1%3C81%3AFDIATR%3E2.0.CO%3B2-A&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0012-9682%28198803%2956%3A2%3C383%3AOTTOIR%3E2.0.CO%3B2-B&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page3of 4 -

Toward a Theory of Discounted Repeated Gameswith | mperfect Monitoring
Dilip Abreu; David Pearce; Ennio Stacchetti

Econometrica, Vol. 58, No. 5. (Sep., 1990), pp. 1041-1063.

Stable URL:

http:/links.jstor.org/sici 25 ci=0012-9682%28199009%2958%63A 5%3C1041%3A TATODR%3E2.0.CO%3B2-

A Theory of Managed Trade

Kyle Bagwell; Robert W. Staiger

The American Economic Review, Vol. 80, No. 4. (Sep., 1990), pp. 779-795.

Stable URL:

http:/links.jstor.org/sici 2sici=0002-8282%28199009%62980%3A 4%3C779%3AATOMT%3E2.0.CO%3B2-2

Growth, Specialization, and Trade Liberalization

Michael B. Devereux

International Economic Review, Vol. 38, No. 3. (Aug., 1997), pp. 565-585.

Stable URL:

http://links.jstor.org/sici ?sici=0020-6598%28199708%2938%3A 3%3C565%3A GSATL %3E2.0.CO%3B2-B

Regionalism in a Multilateral World

Wilfred J. Ethier

The Journal of Political Economy, Vol. 106, No. 6. (Dec., 1998), pp. 1214-1245.
Stable URL:

http://linksjstor.org/sici ?sici=0022-3808%28199812%29106%3A 6%63C1214%3A RIAMW%3E2.0.C0%3B2-8

Do Big CountriesWin Tariff Wars?

John Kennan; Raymond Riezman

International Economic Review, VVol. 29, No. 1. (Feb., 1988), pp. 81-85.

Stable URL:

http:/links.jstor.org/sici 2sici=0020-6598%28198802%62929%3A 1%3C81%3A DBCWTW%3E2.0.CO%3B2-T

Agency, Earnings Profiles, Productivity, and Hours Restrictions
Edward P. Lazear

The American Economic Review, Vol. 71, No. 4. (Sep., 1981), pp. 606-620.
Stable URL:

http://links.jstor.org/si i ?sici=0002-8282%28198109%2971%3A 4%3C606%3AA EPPAH%3E2.0.CO%3B2-O

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0012-9682%28199009%2958%3A5%3C1041%3ATATODR%3E2.0.CO%3B2-Q&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0002-8282%28199009%2980%3A4%3C779%3AATOMT%3E2.0.CO%3B2-2&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0020-6598%28199708%2938%3A3%3C565%3AGSATL%3E2.0.CO%3B2-B&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0022-3808%28199812%29106%3A6%3C1214%3ARIAMW%3E2.0.CO%3B2-8&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0020-6598%28198802%2929%3A1%3C81%3ADBCWTW%3E2.0.CO%3B2-T&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0002-8282%28198109%2971%3A4%3C606%3AAEPPAH%3E2.0.CO%3B2-O&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page4 of 4 -

Size, Sunk Costs, and Judge Bowker's Objection to Free Trade

John McLaren

The American Economic Review, Vol. 87, No. 3. (Jun., 1997), pp. 400-420.

Stable URL:

http://linksjstor.org/sici ?sici=0002-8282%628199706%2987%3A 3%3C400%3A SSCA JB%3E2.0.CO%3B2-L

Foreign Direct Investment and the Risk of Expropriation
Jonathan Thomas; Tim Worrall
The Review of Economic Sudies, Vol. 61, No. 1. (Jan., 1994), pp. 81-108.

Stable URL:
http://links.jstor.org/si ci?sici=0034-6527%28199401%2961%3A 1%3C81%3AFDIATR%3E2.0.CO%3B2-A

NOTE: The reference numbering fromthe original has been maintained in this citation list.


http://links.jstor.org/sici?sici=0002-8282%28199706%2987%3A3%3C400%3ASSCAJB%3E2.0.CO%3B2-L&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0034-6527%28199401%2961%3A1%3C81%3AFDIATR%3E2.0.CO%3B2-A&origin=JSTOR-pdf

