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Abstract

We propose a model of trade agreements in which contracting is costly, and as a
consequence the optimal agreement may be incomplete. In spite of its simplicity, the
model yields rich predictions on the structure of the optimal trade agreement and how
this depends on the fundamentals of the contracting environment. We argue that taking
contracting costs explicitly into account can help explain a number of key features of real
trade agreements.
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1. Introduction

The World Trade Organization (WTO) regulation of trade in goods — the General Agreement
on Tariffs and Trade (GATT)! — is obviously a highly incomplete contract. A sizeable economic
literature examines various aspects of this incompleteness. The typical approach is to impose
exogenous restrictions on the set of policy instruments that can be included in a trade agree-
ment, and examine what the agreement can accomplish given these limitations.? But while
this literature has advanced our understanding of the consequences of the incompleteness of
trade agreements, it cannot explain the particular form that the incompleteness has taken in
the GATT/WTO, because the incompleteness is assumed rather than endogenously derived.

The broad purpose of this paper is to take the analysis of the GATT/WTO as an incom-
plete contract one step further, by endogenously determining the choice of contract form. We
believe that an incomplete contracting perspective can help to shed light on core features of
the agreement, including:

1. The agreement binds the level of trade instruments, whereas domestic instruments are left
largely to the discretion of national governments. But there are important exceptions:
first, internal policies have to respect the National Treatment clause, and second, the
WTO has introduced a regulation of domestic subsidies.

2. The bindings are largely rigid (i.e. not state-contingent). But there are “escape mech-
anisms” that allow countries to unilaterally impose temporary protection (GATT Art.
XIX) or to renegotiate bindings (GATT Art. XXVIII).

3. The bindings only stipulate upper bounds on the tariffs that can be applied, thus leaving
governments with discretion to go below the bounds.

An important aspect of the incompleteness of the GATT/WTO, which transpires from the
above features, is that the agreement displays an interesting combination of rigidity, in the
sense that contractual obligations are largely insensitive to changes in economic (and political)
conditions, and discretion, in the sense that governments have substantial leeway in the setting
of many policies.

In this paper we propose a simple theoretical framework where the incompleteness of the
agreement, and in particular the ways and degrees in which discretion and rigidity are present
in the agreement, is determined endogenously. This approach, we believe, can help explain why
the regulation of goods trade has been structured along the lines described above.

The analytical starting point of the paper is the notion that governments face two funda-
mental sources of difficulty when designing a trade agreement. The first is that there is a wide
array of policy instruments — border measures and especially internal measures — that need to

'For simplicity, we will use the term “GATT” in a somewhat imprecise sense. More formally, the WTO
regulates trade in goods through “GATT 1994”, consisting of the original 1947 GATT agreement plus a number
of agreed modifications and interpretations, plus a number of special agreements, such as those governing
safeguards, anti-dumping, technical barriers to trade and health measures.

2An incomplete list of papers that fall into this category is Copeland (1990), Bagwell and Staiger (2001),
Battigalli and Maggi (2003) and Horn (2006).



be constrained in order to keep in check the governments’ incentives to act opportunistically.
This feature suggests that the agreement should be comprehensive in its coverage of trade-
relevant policies. The second source of difficulty in designing a trade agreement is that there
is significant uncertainty concerning the circumstances that will prevail during the life-time of
the agreement. This feature suggests that the agreement should be highly adaptable to the
contingencies that unfold.

Of course these features would not constitute a problem if contracting were costless. But in
reality there are important costs associated with forming a trade agreement. While these costs
can take many different forms, it is probably safe to say that they tend to be higher when the
agreement, is more detailed, both in terms of the number of policies that it seeks to constrain
and in terms of the number of contingencies that it specifies. The modeling approach we take
in this paper is to explicitly incorporate these two forms of contracting costs into an analysis of
the optimal structure of a trade agreement. The main message of the paper is that the presence
of contracting costs can contribute to explain the core features of the GATT/WTO highlighted
above.

An objection might be raised that, when it comes to trade agreements, the costs of con-
tracting are likely to be small while the gains from an agreement are likely to be quite large,
and so the costs of contracting are unlikely to have important effects on the structure of trade
agreements. But it should be kept in mind that these costs include in principle the cost of ne-
gotiation delays, the cost of lawyers, the cost of dispute panels, and the like, and that in reality
these costs must be multiplied by a vast number of products, countries, policy instruments,
and contingencies.®> To take just one illustrative example, what might seem on its surface to be
a relatively straightforward task of finding a workable agreement to limit the use of subsidies
has preoccupied member governments of the GATT/WTO for over 50 years, and a concise
definition of exactly what is meant by a “subsidy” continues to elude negotiators. Hence, we
believe that it is reasonable to view the contracting costs associated with trade agreements as
significant even relative to the potential benefits of the agreement, and that these costs are then
likely to shape the nature of the agreement that is negotiated.

In what follows we outline the structure of our model and the main results.

We work within a competitive two-country setting, where countries may experience a con-
sumption externality. The role of this externality in the model is to provide an efficiency
rationale for policy intervention.* For simplicity, we focus on intervention in import sectors,
and assume that governments have access to a full set of taxation instruments, namely: im-
port tariffs, distinct consumption taxes on domestically-produced products and on imported
products, and production subsidies. Uncertainty plays a central role. To bring out the main
points, we focus for much of our analysis on one-dimensional uncertainty, and we contrast two
cases: one in which the source of the uncertainty is the level of the externality, and one in

3Indeed, the WTO Agreement, which by all accounts is considered to be an extremely incomplete agreement,
still fills some 24,000 pages, and it took approximately 8 years of negotiations to complete.

4 As we point out in a later section, the model would generate similar insights if, instead of a consumption
externality, we had a production externality or political-economy motives in the governments’ objectives (in the
form of an extra weight attached to the domestic producers’ surplus). What is essential to the model is the
presence of an (economic or political) efficiency rationale for policy intervention.



which it is the underlying level of import demand. We later consider how the insights derived
in the settings with one-dimensional uncertainty generalize to a setting of multidimensional
uncertainty:.

We formalize the notion of contracting costs in a very simple way. Following an approach
similar to that of Battigalli and Maggi (2002), we assume that these costs are an increas-
ing function of the number of state variables and policies included in the agreement, and we
seek to characterize the agreement that maximizes global welfare minus contracting costs (the
"optimal" agreement).

The first step of our analysis is to examine two benchmark scenarios: one is the no-agreement
outcome — that is the Nash equilibrium — and the other is the first-best outcome. In the absence
of an agreement, the importing country would use its policy instruments to manipulate the terms
of trade in standard fashion. This of course would lead to a globally inefficient outcome, and
hence there is scope for an agreement to restrain governments from behaving opportunistically.
Were it not for the consumption externalities, the first best agreement would be very simple: it
would just stipulate laissez-faire across all policy instruments and under all circumstances. But
due to the externality, the contracting problem is substantially more complex: the first best
agreement will now involve the use of domestic policy instruments, and it will require these
policies to be state-contingent if the externality is uncertain.

As a result of contracting costs, the governments may find it worthwhile to write an agree-
ment that is simpler than the first best agreement. As we hinted above, there are two essential
ways to save on contracting costs: one is to make the agreement (partially or fully) rigid, and
the other is to leave some of the policies to the discretion of governments. The key part of our
analysis hence consists in examining the optimal degrees of rigidity and discretion in the trade
agreement, and how these depend on contracting costs, on the degree and type of uncertainty
and on the features of the underlying economy.

Our first result is that the optimal agreement tends to leave more discretion on domestic
policy instruments than on border measures. More specifically, while for a range of contracting
costs it is optimal to bind import taxes while leaving domestic instruments to discretion, we
show that it is never optimal to leave import taxes to discretion and contract only over domestic
instruments. This result accords well with a basic feature of the GATT/WTO, namely, the
traditional emphasis on border measures over domestic instruments; moreover, while this feature
is often explained informally as deriving from distinct levels of contracting costs that reflect
differences in transparency across these instruments, our model imposes no such distinction,
and so it identifies a more fundamental explanation.

Next we characterize the optimal agreement and how it varies with contracting costs. As
contracting costs increase from zero, the optimal agreement is initially complete (no rigidity or
discretion), then it becomes increasingly rigid and/or discretionary, and eventually it becomes
optimal to have no agreement at all. Whether the optimal agreement tends to feature rigidity or
discretion, or a combination of the two, depends crucially on the nature of the uncertainty and
on the demand and supply conditions. Intuitively, rigidity is relatively more attractive when
uncertainty is small. On the other hand, discretion (over domestic instruments) is relatively
more attractive when (i) domestic instruments are less effective at manipulating terms of trade,
or in other words, the degree of substitutability between these instruments and import taxes is



lower, since in this case the ability to manipulate terms of trade through domestic instruments
is lower; and (ii) the importing country has less monopoly power in trade (which is the case
when the import demand level is lower), since in this case the incentive to distort terms of
trade through domestic instruments is lower.

As a consequence of the monopoly-power effect described just above, the model predicts
that the optimal degree of discretion is lower if the import demand level, and hence the volume
of trade, is higher. This in turn suggests a possible explanation for the fact that the WTO
has introduced a regulation of domestic subsidies that was not present in GATT: broadly
speaking, the explanation is that the increase in trade volumes over time has increased the cost
of discretion, thereby heightening the need to constrain domestic policies. And in combination
with the instrument-substitutability effect described just above, the model also suggests a
reason why developing countries may have been largely exempted from the WTO regulation of
domestic subsidies through ‘special and differential treatment’ clauses: the typical developing
country may lack both the size in world markets to wield substantial market power and the
rich array of domestic policy instruments necessary to find easy substitutes for tariffs.

The role of uncertainty depends in subtle ways on its source. We find that, if uncertainty
concerns primarily the level of the externality — or more generally state variables that are
directly relevant for the first-best policy levels — then rigidity and discretion are complementary
ways of saving on contracting costs: more specifically, the cost of discretion is lower in the
presence of rigidity than in the absence of it. In this case, rigidity and discretion tend to
co-vary as underlying exogenous parameters vary. But if uncertainty concerns primarily the
level of import demand — or more generally state variables that are not directly relevant for
the first-best policy levels — rigidity and discretion are substitutable, meaning that the cost of
discretion is higher when the agreement is rigid.

Also, to the extent that uncertainty concerns the level of the externality, it has an important
effect on the cost of discretion: leaving domestic instruments to discretion is an indirect way to
introduce state-contingency in the agreement, since the unilateral setting of domestic instru-
ments varies in the "right" way with the level of the externality; in this sense, the presence of
uncertainty mitigates the cost of discretion.

When there is substantial uncertainty about the level of import demand, we find that it
may be optimal for the agreement to specify an escape-clause type rule, whereby governments
are allowed to raise tariffs when the level of import demand is higher. However, our rationale
for an escape clause is distinct from those that have been highlighted in the existing theoretical
literature.” In particular, an escape clause can be appealing in our model when the agreement
leaves discretion over domestic instruments. Since, as we have observed above, the incentive to
distort these instruments for manipulating the terms of trade is stronger when the import de-
mand level is higher, allowing higher tariffs in the high-import-demand states can be attractive
as a way to mitigate this incentive.

In the final part of the paper we extend the analysis to shed light on two other core as-
pects of the GATT/WTO that we believe are best understood from an incomplete contracting

5 An escape clause could be motivated for distributional reasons if the government lacked better instruments
with which to redistribute income. Bagwell and Staiger (1990) show that an escape clause can be motivated for
enforcement purposes when trade agreements lack external enforcement mechanisms.



perspective: the presence of a National Treatment (NT) rule for internal taxes, and the fact
that tariffs are constrained by "weak" bindings (i.e. upper bounds) rather than by "strong"
bindings (i.e. exact levels).

We investigate the N'T clause as a possible means of saving on contracting costs. We interpret
the N'T rule as requiring equal internal taxation of the imported and the domestically produced
good. We show that there is only one type of NT-based agreement that can be strictly optimal
in our setting: this is an agreement that imposes the NT rule and ties down the import tariff
and the production subsidy, but leaves the (common) consumption tax to the governments’
discretion. We identify a simple set of conditions under which this type of agreement is indeed
optimal. The key condition concerns the degree of substitutability between the consumption
tax and the tariff for the purposes of manipulating terms of trade: if this degree is sufficiently
low (which is the case when demand is more rigid and supply is more elastic), and if the level of
contracting costs lies in an intermediate range, then an NT-based agreement is strictly optimal.

Finally, we argue that the presence of contracting costs may explain why GATT stipulates
weak bindings rather than strong bindings. More specifically, we show that the optimal agree-
ment may include rigid weak bindings. This type of binding combines rigidity and discretion,
since the ceiling does not depend on the state of the world, and the government has discretion
to set the policy below the ceiling. This finding strengthens the insight — already highlighted
above — that rigidity and discretion may be complementary ways to economize on contracting
costs.

The paper is structured in the following way: in section 2 we lay out the basic model and
derive the two benchmarks of no-agreement outcome and first-best outcome; in section 3 we
characterize the optimal agreement; in section 4 we examine the role of the N'T clause; in section
5 we examine the role of weak bindings; in section 6 we discuss the case of production externality
and that of political-economy motives in the governments’ objectives; in the Conclusion we
discuss a number of simplifying assumptions made in the model and suggest directions for
further research; the Appendix provides proofs that are not contained in the body of the paper.

2. The Model

We consider a perfectly competitive world with two countries, Home and Foreign. There are
three goods, a numeraire good and two non-numeraire goods (which we label 1 and 2). The
Home country will be a natural importer of good 1 and the Foreign country a natural importer
of good 2.

We start by describing the supply structure in the Home country. The numeraire good
is produced one-for-one from labor. The supply of labor is large enough that this good is
always produced in positive amount, therefore the equilibrium wage is equal to one. Each non-
numeraire good is produced from labor with diminishing returns. In particular, we assume the
following production function for each good j:

Xj = \/2)\ij, j == 172,

where X is the production of good j and L; is the labor employed in the production of good
j. This supply structure is convenient because it implies linear supply functions. In particular,



if ¢; denotes the producer price for good j, the supply function for good j is
Xj(aj) = A j=12
The associated profit function for good j is

1 :
Hj(Qj) = 5/\](]]2’ J=12
We assume a similar supply structure also for the Foreign country, and let asterisks denote
foreign variables:

Xj(qj) :)\jqj‘a Hj(Qj) = 5)\ij2, J=12

On the demand side, we assume that the representative citizen’s utility function is linear in
the numeraire good and separable in the non-numeraire goods. Also, we allow for the possibility
of a (negative) consumption externality. The role of this externality in the model is to create an
efficiency rationale for policy intervention. As we will argue in section 6, the main qualitative
results of the model would be the same if we had a production externality, or if we had political-
economy motives in the governments’ objectives (in the form of an extra weight attached to
the domestic producers’ surplus). What is important for the points we want to make is the
existence of a (political or economic) efficiency rationale for policy intervention.

We assume that the externality is linear and does not cross borders.® Also, each good gen-
erates an externality only in the country that imports it; thus, good 1 generates an externality
in Home, and good 2 in Foreign.”

Formally, we are assuming the following utility functions for the two countries:

2 2
U:co+2uj(cj)—7101, U*:ca—l—Zu;(c;)—fy;C’;
=1 j=1

where lower-case cs denote individual consumption and upper-case C's denote aggregate con-
sumption. The parameters v; and 75 capture the strength of the externalities in the two
countries. Fach consumer ignores the effect of her individual consumption on aggregate con-
sumption, so the externalities do not affect demand functions. We assume that the sub-utility
functions are quadratic, so that the implied demand functions are linear. We write the demand
functions as:

Dj(p;) = oy — Bips, D (p}) = o — B;p;
where p; and p; denote consumer prices. All the parameters that we have introduced thus far
are positive.

6Hence, we model the consumption externality as a purely domestic “eyesore” pollutant along the lines of
the modeling of production externalities discussed in Markusen (1973) and especially Ederington (2001).

"This assumption is unrealistic but is not essential for our main points. Notice also that, if we had political-
economy motives instead of a consumption externality, such an asymmetry would be relatively natural, as it
would capture situations where import-competing interests are organized but export interests are not.



The consumer surplus associated with good j in Home and Foreign can respectively be
written as:

CSi(p;) = uj(Di(p;)) — piD;(p;),  CSi(p;) = wi(D;(p;)) — p;D;(p;)

We assume that each government can intervene only in its import sector. We allow each
government to use a full set of taxation instruments in the import sector, namely: an import
tariff (7), an internal tax on consumption of the domestically produced good (1), an internal
tax on consumption of the imported product (¢f), and a production subsidy to domestic firms
(s). All instruments are expressed in specific terms. The reason we allow for a relatively rich
set of policies is that we want to represent in a stylized way a situation in which governments
can use a variety of instruments to act opportunistically and manipulate terms of trade. Such a
situation calls for an agreement that constrains a whole host of policies, thus creating a tradeoff
between the benefits of contracting over many policies and the costs of doing so.

At this point we impose a strong symmetric structure on the model: in particular, we
assume that the two non-numeraire sectors are mirror-images of each other. The symmetric
and separable structure allows us to focus on a single sector, say sector 1, and drop subscripts
from now on. While the analysis will focus only on sector 1, where Home is the natural importer,
the reader should keep in mind that in the background there is a mirror-image sector where the
equilibrium conditions are exactly the same, except that the two countries’ roles are reversed.
The symmetry of the model is not crucial for our results, and could be relaxed at the cost of
extra notation.

The goods markets in the two countries are integrated and there are no trade costs, hence
prices differ only to the extent of government intervention. Throughout we focus on non-
prohibitive levels of government intervention that do not choke off all trade. In the sector
under consideration, due to the absence of taxation by the foreign government, producer and
consumer prices in the foreign country are equalized, or ¢* = p*. In addition, for a foreign firm
to sell in both countries, it must receive the same price for sales in the foreign-country market
as it receives after taxes for sales in the home-country market: p* = p —7 —t;. And finally, the
relationship between the home-country producer price and the home-country consumer price is
given by ¢ =p —t; + s.

We can express the above pricing relationships in more compact form as

p = p*+7T,and (2.1)
¢ = p+T+5,

where T'= 7 +ty and S = s —t;,. The arbitrage relationships in 2.1 describe the two key price
wedges that play a central role in the analysis to follow; the first one is the wedge between
the home-country consumer price and the foreign-country price (equal to T'), and the second
one is the wedge between the home-country producer price and the foreign-country price (equal
to T'+ S). Note that 7 and ¢; are perfectly substitutable policy instruments (only their sum
matters), and the same is true for s and ¢, (only their difference matters). Thus, while it is
appropriate to refer to 7 as a “border measure” and to ¢y, {5 and s as “internal measures,” we
will also sometimes refer to T' as the total tax on imports, or simply as the “import tax,” and

to S as the “effective production subsidy.”



Market clearing requires that world demand equal world supply, or

D(p) + D*(p") = X(q) + X*(¢"). (2.2)

The market clearing condition 2.2, together with the two arbitrage relationships in 2.1, yields
expressions for the three market clearing prices as functions of 7" and S:

p(T,S) =[a+ao" + (5" + \)T — AS]/T,

q(T,S)=[a+a*+ (B"+X)T+ (B+ "+ \")S]/T, and
p (T,8)=q¢"(T,5) =[a+a"— (B+N)T —\S|/T,

where T = A + A" + 5+ 8*. At the market clearing prices, home import volume, M, is equal
to foreign export volume, £*, and is given by

M(T,S) = E*(T,S) = [a(B"+ X)) =™ (B+A) = (B+ N (B + X)T = X5+ \")S]/T.

Note that M(T'=0,S = 0) > 0, and hence the home country is a natural importer of the
good under consideration, provided that

*

0% > (0%

We will henceforth assume that 2.3 holds.

We assume that each government’s objective corresponds to the welfare of its representative
citizen. Since the welfare function is separable across sectors, we can focus again on sector 1. In
this sector, Home welfare can be written as the sum of consumer surplus, profits, net revenue
(i.e. revenue from the import tax 7' minus expenditures on the effective production subsidy 5),
and the valuation of the externality:

(2.3)

W(T,S) = CS(T,S) + (T, S)+T - M(T,S) — S - X(T,S) — vD(T, S),

where the notation emphasizes the dependence of each component of the welfare function on
the policy instruments.

Recalling that in the sector under consideration the Foreign country has no externality and
no policy instruments of its own, Foreign welfare is simply the sum of consumer surplus and
profits:

wWH(T,S)=CS*(T,S)+1*(T,9).

2.1. The Nash equilibrium and efficient policies

We first derive the Nash equilibrium policies, which we take to represent the policy choices
made in the absence of any agreement between the home and foreign governments. With the
foreign government passive (in the sector under consideration), the Nash equilibrium policies are



defined by the two first-order conditions characterizing the home government’s best-response
policy choices, which simplify to

dW(T,S) E*(S,T) S B
0T = 0:5*4‘)\* 6+)\+6+)\’y—0,and
AW (T,S) E*(S,T) B+p+1)S B

These two first-order conditions define, respectively, the best-response level of T" given S, which
we denote T%(S), and the best-response level of S given T', which we label S%(T). These
best-response functions will play an important role in what follows.

From the above system, we may derive the following expressions for the Nash equilibrium
import tax and effective production subsidy choices of the home government, which we denote
by TN® and SNV¥, respectively:®

TNE E*(SNE,TNE) _ p*

S NE = =7
where 7* is the elasticity of the foreign export supply (itself evaluated at S™* and TVE).?

Recalling that 7' = 7+t and S = s — t;,, we note that there are many equivalent policy
combinations that correspond to the Nash policy choices TV* and S™V¥. One of these combina-
tions is {7 = ;’—:, tn =ty = ,s = 0}. This particular policy combination makes it transparent
that in the Nash equilibrium the home-country government sets its traditional (Johnson, 1953-
54) “optimal tariff” — the inverse of the Nash equilibrium foreign export supply elasticity —
to exploit its monopoly power over the terms of trade (p*) and applies a uniform Pigouvian
consumption tax at the level of the consumption externality.

We focus throughout on parameter combinations for which strictly positive trade occurs in
the Nash equilibrium. It is direct to verify that the Nash equilibrium trade volume is strictly
positive in the absence of the externality (i.e., when v = 0), and that the restriction to positive
volumes in effect places upper limits on the magnitude of the externality parameter ~.

Having characterized the Nash equilibrium policy choices, we turn next to the globally
efficient policies. The globally efficient policies are those policies that maximize “global welfare,”
that is, the sum of home and foreign welfare:'"

WE(T,S) = W(T,S) + W*(T,9).

81t is not hard to verify that W is jointly concave in (7, S), which ensures that the first-order conditions are
sufficient.

9For completeness we report here the explicit expression for TNF in terms of the underlying parameters:
TNE _ (B 4A)[atTy4 Ay —(B4N)a”
(B*+A) [T+(B+N)]
10Tn our symmetric setting, it is natural to define efficiency in this way. Recall that there is another sector that

mirrors exactly the one under consideration, and in which Foreign is the importer. Therefore, a combination
of policies that is Pareto-efficient and gives the same utility to the two countries must maximize the sum of
Home and Foreign welfare in each sector. More generally, this notion of efficiency would also be appropriate in
asymmetric settings, provided that international lump sum transfers were available.




It is direct to verify that the efficient import tax and effective production subsidy choices of
the home government, which we denote by T/ and S¢//, respectively, are given by

T¢'7 = ~, and
Self = —7.

Hence, efficient policy combinations ensure that the relevant price wedges only reflect the
externality, not terms of trade considerations. In particular, the wedge between the domestic
consumer price and the foreign price (7') should be equal to the consumption externality -
(Pigouvian consumption tax), and the wedge between the domestic producer price and the
foreign price (S + T') should be nil.

Notice that the Nash choice of effective production subsidy is efficient (SV¥ = S¢/7) and
the Nash equilibrium is inefficient only in that import taxes are too high — and Nash trade
volumes are therefore too low — relative to their efficient levels (T > T¢/7). The inefficiently
high level of T' reflects in turn the unilateral incentive to manipulate the terms of trade with the
choice of import taxes. Therefore, it is accurate to say that the potential gains from contracting
in this setting arise entirely from the ability to control the incentive to utilize import taxes to
manipulate the terms of trade.!!

2.2. Uncertainty

The economy described so far is deterministic. But in actuality, trade agreements are formed
with a high degree of uncertainty concerning the economic environment. Indeed, a crucial
problem when formulating a trade agreement is the fact that it must be appropriate under
a wide range of different circumstances. It should therefore ideally be highly adaptable to
changes in the underlying environment. But agreements that are adaptable in this sense, while
still retaining control over the various policies, are also likely to be very costly to design and
implement.

We will consider two possible sources of uncertainty: the consumption externality () and
the level of domestic demand (a)). These are two natural types of uncertainty to consider:
uncertainty about -« can be interpreted as uncertainty about the true efficiency rationale for
policy intervention, while shocks in « can be interpreted as shocks in the volume of trade,
that are per se not relevant for the efficient policy levels. As will become clear, these two
types of uncertainty have different implications for the optimal design of a trade agreement.
Focusing on uncertainty only in v and « while abstracting from other sources of uncertainty
is helpful to illustrate some general principles on how the optimal agreement depends on the
nature of uncertainty. In section 3.3 we will discuss how results can be generalized to more
general stochastic environments.

We sometimes refer to 7 and « as the state-of-the-world variables, or simply the “state”
variables. For now, we impose no additional structure on the nature of uncertainty, though we
will later do so to derive sharper results.

1 As a consequence of this feature — which is quite general, as argued in Bagwell and Staiger (2001) — we will
refer to international agreements in this setting as “trade agreements,” even though they may impose constraints
beyond the choice of import taxes, because they represent attempts to solve what is evidently at its core a trade
— and trade policy — problem.

10



We will consider the following simple timing: (1) the agreement is drafted: (2) uncertainty
is realized; and (3) policies are chosen subject to the constraints set by the agreement. Implicit
in this timing is the assumption that agreements are perfectly enforceable: in this paper we
abstract from issues of self-enforcement of the agreements.'?

Finally, we denote expected global welfare gross of contracting costs (henceforth simply
“expected gross global welfare”) by Q(-) = EWY(-).

2.3. The costs of contracting

Before we formalize the costs of contracting, we need to specify what type of contracts we will
consider. Throughout the paper we will focus on instrument-based agreements, i.e. agreements
that impose (possibly contingent) constraints on policy instruments. In the concluding section
we will briefly discuss the possibility of outcome-based agreements, i.e. agreements that impose
constraints on equilibrium outcomes such as prices or trade volumes.'?

We propose a very stylized way of formalizing the contracting costs associated with a trade
agreement. Our central assumption is that these costs are higher, the more policy instruments
the agreement involves, and the more contingencies it includes.

More specifically, we assume that there are two kinds of contracting costs: the costs of
including state variables in the agreement — that is, the random variables o and v — and the
costs of including policy variables — that is, 7,t;,s and ¢;,. We think of the cost of including
a given variable in the agreement as capturing both the cost of describing this variable (i.e.
defining the variable, how it should be measured etc., along the lines of the “writing costs”
emphasized by Battigalli and Maggi, 2002) as well as the cost of verifying its value ex-post.!!
A broader interpretation of these contracting costs might also include negotiation costs: it is
reasonable to think that negotiation costs are higher when there are more policy instruments
on the table, and when there are more relevant contingencies to be discussed.

The cost of contracting over a state variable is ¢, and the cost of contracting over a policy
variable is c,. We assume that, if a variable is included in the agreement, the associated cost is
incurred only once, regardless of how many times that variable is mentioned in the agreement;

12 Also implicit here is the assumption that governments can costlessly observe the realized values of the
uncertain parameters. One might object that this is not very realistic for externality parameters, which are
presumably difficult to ascertain even for a government, let alone the WTO courts. But our results will be valid
even in the extreme opposite case in which governments do not learn anything about v ex-post: in this case
the agreement cannot be made contingent on v, and the situation would be essentially equivalent to one where
there is no uncertainty. Also notice that this ojection would not have much force if we had political-economy
motives rather than externalities, because governments are likely to know well the political-economy pessures
they face.

13We also abstract from agreements that are based on both instruments and outcomes, in the sense that
they constrain the relationship between policy instruments and equilibrium outcomes, such as for example an
agreement that constrains 7' to be a function of the import volume M.

14The interpretation of contracting costs as verification costs is “tight” only if the court automatically verifies
(ex post) the values of the variables included in the contract. In the WTO, the Trade Policy Review Mechanism
provides periodic reviews of the member countries’ trade policies. But a more thorough verification process in
the WTO occurs only if there is a complaint by one of the contracting parties. Broadly, we expect that similar
qualitative insights would emerge in a richer model with verification “on demand” to the extent that verification
occurs in equilibrium at least with some probability.
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in other words, there is no cost in “recalling” a given variable after the first time it appears in
the agreement.
Summarizing, the cost of writing an agreement is given by

C =cs ns+cp-ny,

where n, and n,, denote, respectively, the number of state variables and policy variables included
in the agreement.

A couple of examples may be useful to illustrate our assumptions on contracting costs:

Example 1: The agreement {7 +t; = 3}, or {1T' = 3}, specifies a rigid commitment for the
total import tax, and costs 2c,,.

Example 2: The agreement {7 = 7, s = 5} specifies a state-contingent commitment for the
tariff and a rigid commitment for the subsidy, and costs 2¢, + ¢;.

The linearity of the contracting cost function is not essential for the main results. We could,
at the cost of heavier notation, allow C' to be a more general function of n, and n,, insisting
only that it be increasing in each argument. We chose the linear specification to simplify the
analysis and the exposition of our results.'®

It might be reasonable to assume that it is more costly to contract over internal measures
(tf,s,t,) than over tariffs (7), because in reality it is easier to verify border measures than
internal measures. But as will become clear below, in this case our qualitative results would
only be strengthened. So in the interests of parsimony, we do not introduce this distinction, and
rather maintain the assumption of a common contracting cost for border and internal measures.

Overall, our approach to modeling the costs of contracting has advantages and also lim-
itations. On the plus side, our approach preserves tractability while adding some generality
relative to other approaches in the literature.'® On the minus side, our approach abstracts from
some potentially important considerations. For example, we assume that the number of state
variables ny summarizes the costs of state-contingency, but in reality this cost might depend
as well on the “coarseness” of the contingencies (e.g. it might be easier to verify a clause like
(T'=10if v < 1) then a clause T" = 7). While our approach captures some of the most salient
features of contracting costs, it abstracts from these and other more subtle but also potentially
important considerations. On balance, however, we believe that our basic assumption that
contracting costs are increasing in the number of state variables and policies included in the
agreement is likely to be preserved in any reasonable model of these costs, and for this reason
we believe that our approach provides a good starting point for the analysis of trade agreements
as endogenously incomplete contracts.

15The only results that could change under a more general cost function are the ones concerning the comple-
mentarity /substitutability between rigidity and discretion. As we will argue, rigidity and discretion tend to be
complementary if the source of uncertainty is v and substitutable if the source of uncertainty is . These results
may change if the cross-derivative of C' with respect to ng and n,, is high in absolute value. For example, we will
show that, if the source of uncertainty is 7, discretion and rigidity are complementary; but if the cross-derivative
of C with respect to ng and n,, is positive and high, this can overturn the sign of the interaction between rigidity
and discretion and make them substitutable.

16For example, Battigalli and Maggi (2002) associate a cost ¢ with each “primitive sentence” included in
the contract, and the analogue in our setting would be to associate a cost ¢ with each state variable or policy
included in the contract. Under this analogy, the form of contracting costs adopted by Maggi and Battigalli
(2002) is a special case of our approach in which C' = ¢(ns + np).
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3. Optimal Agreements

In order to characterize the optimal choice of agreement, we need to introduce some definitions
and notation. First, we say that two agreements are equivalent if they implement the same
outcome and have the same cost. Second, we refer to the efficiently-written first-best agreement
as the least costly among the agreements that implement the first best outcome. We will often
label this simply the “first-best” agreement, or the { B} agreement. In a similar vein, we will
refer to the case of no agreement as the “empty agreement,” which formally is denoted {0}.
Finally, an optimal agreement is an agreement that maximizes expected global welfare net of
contracting costs (henceforth simply “expected net global welfare”), that is w = Q — C.

A natural and convenient way to characterize the optimal agreement is to track how the
optimal agreement changes as the general level of contracting costs increases. We consider
a proportional increase in the contracting costs (cp,cs). To express our results in a simple
comparative-statics fashion, we let ¢, = ¢, and ¢; = k - ¢, where k& > 0 captures the cost of
contracting over a state variable relative to that of contracting over a policy variable, while ¢
captures the general level of contracting costs, which we henceforth refer to simply as “con-
tracting costs.” In much of the analysis to follow, we keep k fixed and consider changes in
c. Note that, with this new notation, the total contracting cost can then be expressed as
C =c-(n,+k-ns) = c-m. The parameter m can be seen as a rough measure of the “complex-
ity” of the agreement, in the sense that it captures the number of policy variables and states
involved (with the latter weighed by the parameter k).!7

Before we impose more structure on the nature of uncertainty and the set of agreements
under consideration, we present three results that hold quite generally.

Our first result provides necessary and sufficient conditions for an agreement to be optimal
for a range of contracting costs. To develop these conditions, we begin by observing that any
agreement A is characterized by a level of complexity m(A) and a level of gross global welfare
Q(A), and therefore it is associated with a point in (€2, m) space. If we plot this point for each
feasible agreement, we obtain a set that describes all the feasible combinations of €2 and m.!®
Denote this set by F.

Lemma 1. Consider a feasible set of agreements F. An agreement A in F is optimal for some
c if and only if it satisfies the following two conditions: )
(i) A is optimal in its complexity class, i.e. there is no agreement A’ such that m(A") = m(A)

~

and Q(A") > Q(A); R
(ii) for any pair of agreements A’, A” such that m(A’) < m(A) < m(A"),

A m'’ —m m—m'
> !/ " .
Q(A) > pR— m/Q(A )+ P R— m,Q(A ) (3.1)

1"The reason we focus on a proportional change in contracting costs — rather than varying contracting costs
in some other way — is that we want a comparative-statics exercise that takes us from the benchmark of zero
contracting costs (so that the first-best agreement is optimal) to that of prohibitive costs (so that the empty
agreement is optimal). Varying ¢, and ¢, in a proportional way is a natural way to do so.

18We will later define a particular feasible set of agreements for consideration, but for now we remain non-
commital on what the feasible set is since our first results hold for any feasible set.
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where m’ = m(A’), m” = m(A"”) and m = m(A).

Figure 1 illustrates the content of Lemma 1. With € on the vertical axis and m on the
horizontal axis, each point in the figure is associated with a feasible agreement A, and the
collection of points defines the set F. The two conditions of Lemma 1 are illustrated for the
candidate agreement A. The first condition is obvious: the candidate agreement must not be
dominated by some other agreement in its complexity class in terms of gross global welfare 2.
This is reflected in Figure 1 by the fact that A attains the highest level of  on the vertical line
that contains it. The second condition is a kind of concavity requirement on the (2 function.
To see in what sense this is a concavity condition, we first define Q(m) as the maximum level
of € that can be attained with an agreement of complexity m — this is the level of gross global
welfare as a reduced-form function of m. Condition (ii) states that, for an agreement A (with
associated complexity level m) to be optimal for some ¢, it must pass the following test: pick
an arbitrary complexity level lower than 72 (call it m'), and one higher than 7 (call it m”); the
function 2(m) must be concave with respect to the three points m’, 7 and m”. The agreement
Ain Figure 1 satisfies condition (ii) as well. By contrast, the agreement labeled A in Figure 1,
while satisfying condition (i), does not satisfy condition (ii), and so is not an optimal agreement
for any c.'?

The economic interpretation of the “concavity” condition (ii) is, broadly speaking, that
there must be declining gains in gross welfare from adding complexity to the agreement. If this
were not the case, then if it paid to move from A’ to the more complex A it would also pay to
take the further step to the even more complex A”, in which case A would not be optimal for
any c.

From an economic point of view, it may perhaps seem natural that there are diminishing
gross returns from including additional variables in the agreement. However, as will be seen,
this is often not true in the contracting environment that we consider in this paper.

Our second result concerns the relationship between the general level of contracting costs
and the complexity of the optimal agreement (as measured by m). Intuition suggests that this
relationship should be monotonic. The following result (whose proof is straightforward and
omitted) confirms this intuition, showing that more complex agreements will be chosen when
the general level of contracting costs is lower.

Lemma 2. Consider two non-equivalent agreements, A" and A”. If A" is optimal for ¢ = ¢’ and
A" is optimal for ¢ = " > ¢/, then m(A") < m(A4’).

To state our third result, we first observe that, since the two policy instruments 7 and ¢, are
perfect substitutes and matter only through their sum 7', when we view them as contractual
variables they are perfect complements: constraining one of the two instruments but not the
other would have no effect. The same is true for the domestic instruments s and t¢;, which
matter only through their difference S. Hence, we can think of 7" and S as the relevant policy
variables, with the inclusion of each variable in the contract costing 2c,,.

Note that conditions (i) and (ii) together are equivalent to the condition that the agreement A lie on the
upper boundary of the convex hull of F. This is reflected in figure 1: the dashed line is the upper boundary of
the convex hull of F; agreement A is on the dashed line, while agreement A is below it.
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We may now state our third result: if an agreement is to achieve any improvement over the
Nash equilibrium, it must constrain import taxes. More formally:

Proposition 1. An agreement that constrains the effective subsidy S (even in a state-contingent
way) while leaving the import tax T to discretion cannot improve over the Nash equilibrium,
and therefore cannot be an optimal agreement.

At a broad level, the intuition for this result is very simple. Contracting over S alone is
useless because, as we have emphasized above, the inefficiency that arises in the noncooperative
equilibrium concerns 7', not S. We can also be a little more precise about the logic behind
Proposition 1. Starting from the Nash equilibrium, consider a small exogenous change in S.
Since the Nash tariff is the one that implements the optimal terms of trade p* (from Home’s
point of view), constraining S away from Home’s reaction curve triggers a change in T' that
brings p* back to its optimal level. Recalling that Home’s policies affect Foreign welfare only
through terms of trade, this implies that Foreign welfare is unchanged. And since the imposition
of a constraint on .S obviously reduces Home welfare, we can conclude as well that global welfare
goes down as a consequence. Thus a small exogenous change in .S cannot improve over the Nash
equilibrium.?-2!

We emphasize that, in a world of costless contracting, the result highlighted in Proposition
1 would be irrelevant, because if agreements were costless they would always be written in a
way that placed constraints on all policy instruments. But with costly contracting, one has to
consider agreements that place constraints on only a subset of these instruments, and the result
of Proposition 1 then gains relevance. In particular, Proposition 1 implies that if contracting
is costly it can never be optimal to constrain internal measures but not import taxes.

At this point we will impose more structure on the stochastic environment in order to derive
sharper predictions on the nature of the optimal agreement. To make our points in the most
transparent way, it is convenient to consider separately two cases: uncertainty in the externality
() and uncertainty in the level of domestic demand («). In a later section we will consider the
more general case of multidimensional uncertainty.

3.1. Uncertainty about the consumption externality

In this section we focus on the case where only v is uncertain. For the sake of expositional sim-
plicity, we assume that it can take two possible values with equal probability: a high realization
¥+ A, and a low realization 7y — A, with A, > 0.

We also impose at this point more structure on the set of agreements under consideration.
In particular, for the remainder of this section we restrict our search to agreements that impose

20Notice that this intuitive argument does not rely on the linearity of the model, and indeed, it can be shown
that Proposition 1 extends to a setting of general non-linear demand and supply functions.

2 Notice that this result is distinct from and not contradictory to the result emphasized by Copeland (1990),
that negotiating over tariffs can always generate surplus even if other instruments are non-negotiable. Copeland’s
result implies that the inclusion of tariffs in the set of instruments over which negotiations occur is sufficient
for the possibility of gains from negotiations, when instruments are imperfect substitutes. The result we report
in Proposition 1 implies that the inclusion of tariffs in the set of instruments over which negotiations occur is
also necessary for the possibility of gains from negotiations.
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separate equality constraints on 7" and S. To be concrete, we allow for clauses of the type
(T =) or (S = 10), but not for clauses of the type (T'+ S = o) or for inequality constraints
of the type (T < 1).22 We label this class of agreements Ay. In later sections we will consider
broader classes of agreements.

The first step is to derive the {F B} agreement. It is clear that the agreement {1 =
v; S = —v} implements the first best outcome. This agreement has ny, = 1 and n, = 4 and
therefore costs ¢ - (4 + k). But it might be conjectured that the first best outcome could also
be implemented without constraining .S, and therefore be accomplished more cheaply, since as
we have noted previously only 7' is set inefficiently in the Nash equilibrium. This conjecture
is incorrect, but it is instructive to see why. The reason is simply that an agreement that
dictates an import tax level T' but leaves discretion over S would permit the home government
to choose S according to the best-response function ST(T). As we have observed previously,
this best-response is equal to S¢// when the home government’s choice of 7' is unconstrained,
but more generally is it direct to verify that

T2 —(6+))?

_ geff _
SUT) =5 T2 - \(B+N)

(T —TNE). (3.2)

From this equation it follows that the difference between S%(T) and S¢/7 is directly proportional
to the distance between T' and the optimal unilateral import tax TV¥. As a consequence, an
agreement that attempts to move T' towards its efficient level without also constraining S will
cause S to become distorted for terms-of-trade purposes.

In fact, it is easy to verify that one cannot implement the first best outcome with an
agreement in Ay that costs less than (44 k)c. We can conclude that {T" = ~; S = —~} is indeed
the efficiently-written first best agreement. Note that both S and T are state-contingent in the
{F B} agreement in this environment.

Next we look for the optimal agreement, that is the agreement that maximizes expected
net global welfare in Ay. The {F' B} agreement yields expected net global welfare equal to
AT = ~,S = —v) — (4 + k)c. Clearly, when c is sufficiently small the {F'B} agreement is
optimal. And it is also clear that, if ¢ is sufficiently high, the empty agreement (which costs
nothing and yields expected global welfare Q(T = TV¥ S = —v)) is optimal. The basic question
is then what happens between these two extremes: What is the optimal way of restructuring
the agreement as contracting costs rise from zero?

Even though uncertainty is one-dimensional, the optimal restructuring of an agreement to
economize on overall contracting costs can in principle be quite onerous. This difficulty is
exacerbated by the inherent non-separability of the contracting problem that we study. This

22When there is significant uncertainty, a noncontingent contract of the type g(7,t¢,ts, s) = 0 may do better
than a noncontingent contract that pins down T" and/or S separately, for two reasons. First, if g constrains the
relationship between the components of T' (for example as in 7 =1— t?c)7 it can mimic a weak binding (T < #),
or more generally a constraint that 7" must lie in a certain subset of the real line. In a later section we will
consider weak bindings and show that they can improve over strong bindings, because allowing for downward
discretion on T can be a good thing. Second, if g constrains the relationship between T" and S, it may achieve
higher gross global welfare than a contract that pins down the exact levels of 7" and .S, again because it introduces
some discretion. This has the flavor of an outcome-based type of contract, which we discuss in the concluding
section.
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feature, which is a consequence of the fact that internal policy measures (S) can at least
imperfectly substitute for import taxes (T), precludes characterizing the optimal contract “task
by task” (in our case, instrument by instrument) as in Battigalli and Maggi (2002).

However, knowledge of the {FB} agreement, together with the result of Proposition 1,
simplifies the problem considerably. Specifically, between the {F' B} agreement which costs
(4+k)c and the empty agreement which costs nothing, there are three cost classes of agreements
that warrant consideration: agreements costing (2+ k)c; agreements costing 4c¢; and agreements
costing 2c. Moreover, Proposition 1 implies that we can ignore agreements that constrain S
but not 7', therefore we only have three kinds of agreements to consider, in addition to { B}
and {0}: (i) agreements that constrain 7" as a function of 7, which we denote {T'(v)}; (ii)
agreements that constrain 7" and S in a non-state-contingent fashion, which we denote {7T', S'};
and (iii) agreements that constrain 7" in a non-state-contingent fashion, which we denote {7'}.

The three types of agreements {7, S}, {T'(y)} and {T'} are all incomplete, but they are
each incomplete in a different way. To describe these differences, it is useful at this point
to recall the distinction, introduced by Battigalli and Maggi (2002), between two forms of
contractual incompleteness: rigidity, which occurs when contractual obligations do not include
state contingencies that are included in the first-best agreement; and discretion, which occurs
when policies that are included in the first-best agreement are missing. We can thus say that the
agreement {7, S} is rigid, the agreement {7'(7y)} features discretion (over S), and the agreement
{T} is both rigid and discretionary.

From this vantage point, the question we wish to answer next may therefore be phrased as
follows: As elementary contracting costs rise from zero, what is the optimal way of restructuring
the agreement to economize on contracting costs?; Making the agreement rigid, discretionary,
or both?; And in what sequence?

In order to examine the optimal structure of the agreement as a function of contracting
costs, it proves useful to introduce some new concepts. It is natural to define the cost of rigidity
as the loss of gross global welfare when the state variable v is excluded from the agreement, and
the cost of discretion as the loss of gross global welfare when the policy variable S is excluded
from the agreement. For the moment we focus on the non-empty agreements, so we can ignore
the case in which both 7" and S are discretionary.

Next we examine at a broad intuitive level what determines the cost of rigidity and the cost
of discretion, and how they depend on the fundamentals of the contracting problem.

Let us start with the cost of rigidity. Intuitively, the cost of rigidity should be higher when
the environment is more uncertain, i.e. when A, is higher. A rigid agreement “gets it right”
only on average, and therefore when the environment is more uncertain the cost of rigidity
should be higher.

The determinants of the cost of discretion (over S) are more subtle.?® Intuitively, the cost
of this type of discretion is affected in an important way by two features of the contracting
environment.

First, the cost of discretion is higher when the effective subsidy S is a closer substitute

23Note that leaving discretion over S effectively leaves discretion over the producer price wedge g — p* (see
the pricing relationships 2.1). As will be seen in section 4, there exist agreements outside class Ay that leave
discretion (only) on the consumer price wedge p — p*, but this cannot be accomplished by agreements in Ajg.
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for the import tax 7. Recall that the gains from contracting in this setting derive entirely
from the ability to control the incentive to manipulate the terms of trade. It follows, then,
that when S and T are very similar instruments with regard to their effect on the terms of
trade, the cost of discretion over S is high. Thus a key determinant of the cost of discretion
is the degree of substitutability between policy instruments. Recalling that the terms of trade is
given by p*(7,S) = [a + a* — (B + \)T — AS]/T, a rough measure of this substitutability is
given by the marginal rate of substitution between 7" and S with respect to the terms of trade:
31; ;gg = g + 1. This suggests that S is a closer substitute for 7" when demand is less elastic (5
is low) and when supply is more elastic (A is high).?*

A second feature of the contracting environment that affects the cost of discretion is the
wedge between the Nash and efficient tariff, which in turn reflects the degree of home-country
monopoly power as measured by the (inverse of the) foreign export supply elasticity n*. If the
home country has large monopoly power over trade, then the wedge between the Nash and
efficient tariff is large; therefore, the incentive to alter policies to manipulate the terms of trade
is high, and hence the cost of discretion is high. Notice that the home country’s monopoly power
is directly linked to the volume of trade, and thus a primary determinant of its magnitude is the
level of import demand, ov. When « is higher, n* is lower, and therefore the cost of discretion
should be higher.

The next important observation is that rigidity and discretion interact in non-trivial ways:
the cost of rigidity depends on whether or not discretion is present in the agreement, and the
cost of discretion depends on whether or not the agreement is rigid. To describe this interaction,
we introduce the following concepts:

a. The cost of discretion absent rigidity (C'D): Qrpy — Q1))

b. The cost of discretion in the presence of rigidity (C'D): Q¢r sy — Qry;

c. The cost of rigidity absent discretion (CRT'S): Q¢rpy — Qr,5); and

d. The cost of rigidity in the presence of discretion (CRT'): Qgr()y — Qyry-

Notice that these four quantities are linearly dependent, since one can always be expressed
as a linear combination of the other three.

An important manifestation of the interaction between rigidity and discretion is the follow-

24The ratio g’; ;gg is not a precise measure of instrument substitutability, because it does not take into
account the welfare effects of changes in terms of trade. A more accurate measure of instrument substitutability
can be constructed as follows. Recall that, if the agreement dictates an import tax level T but leaves discretion
over S, the home government will choose S according to the best-response function S(T'), and therefore the
associated level of gross global welfare will be Q(7), ST(T)). In this case, then, a change in the agreed-upon
level of T has two effects on Q: a direct effect, captured by the partial derivative 9Q2/0T, and an indirect effect
through the induced change in S, captured by (92/95)(dS®/dT). The total effect of a change in T is given by
the total derivative dQ2/dT = 0Q/0T + (02/0S)(dS® /dT). When T and S are close substitutes, the impact on
Q of a change in T will be largely offset by the induced change in S, and hence dQ2/dT will be close to zero.
On the other hand, if T" and S are poor substitutes, the indirect effect through S will be small and therefore
dQ)/dT will be close to 9€2/0S. This suggests using the ratio gg%? as a measure of instrument substitutability:
when T and S are close substitutes this ratio is close to zero, and when T and S are poor substitutes it

is close to one. It is natural to evaluate this ratio at the Nash equilibrium policies, (T™VF, SNF), yielding
R
(%)Tﬂwfs = WTTQL,\) . It can be shown that this ratio is increasing in § and decreasing in .

This confirms the insight we developed in the text using the simpler measure of instrument substitutability.
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ing: while the cost of discretion absent rigidity, C'D, is always positive, the cost of discretion
in the presence of rigidity, CD, may be negative. In other words, it is possible that Qyr5y is
lower than €2;7: conditional on the agreement being rigid, introducing discretion may increase
gross global welfare. Intuitively, introducing discretion (in S) is a way of introducing state-
contingency in the agreement, and this is beneficial, because the unilateral choice of S — even
if distorted — varies with 7 in the "right" way (i.e. both S®(T) and S¢// are decreasing in ).
This beneficial effect of discretion may outweigh the negative effect of allowing a government to
use S to manipulate the terms of trade. This suggests that, from the perspective of gross global
welfare, rigidity and discretion are complementary, in the sense that the presence of rigidity
mitigates the cost of discretion, possibly making it negative. Indeed, it can be confirmed that
CD < OD for all parameter values. Note also that C'D < CD is equivalent to CRT'S > CRT.
This is the flip-side of the complementarity we just highlighted: the presence of discretion
decreases the cost of rigidity.?

The discussion above suggests also that there is a third determinant of the cost of discretion,
in addition to the instrument-substitutability effect and the monopoly-power effect, but one
that applies only to the cost of discretion in the presence of rigidity (C'D): the extent to which
discretion introduces state-contingency into a rigid agreement. This effect is stronger when
there is more uncertainty in + and — it is worth emphasizing again — is responsible for the
complementarity between rigidity and discretion.

It should be mentioned here that the implicit-state-contingency effect highlighted above, and
the complementarity between rigidity and discretion that is implied by it, depends crucially on
the fact that uncertainty concerns a state variable that is directly relevant for the first-best
policy levels (in the specific case, 7). As we will explain in the next subsection, if uncertainty
concerns a state variable that is not directly relevant for the first-best policy levels (e.g. the
domestic demand level «), then rigidity and discretion are substitutable. Thus it should be
kept in mind that whether rigidity and discretion are complementary or substitutable depends
critically on the nature of uncertainty.

We are now ready to return to the question we posed above: What is the optimal sequence
of agreements as c¢ increases from zero? This question can be answered by using Lemmas 1 and
2, together with the complementary property that we just highlighted.

Lemma 2 tells us that, as ¢ increases, we must move from more complex to less complex
agreements. This immediately implies that the optimal sequence of agreements is a subsequence
of {FB},{T,S}, {T(v)},{T},{0}). We say “subsequence” because each of these agreements
(except {F'B} and {0}) may be “skipped” over as ¢ increases.*

Next we use Lemma 1 together with the complementarity property identified above to
establish the following result: the agreements {7, S} and {7(y)} cannot both be part of the
optimal sequence of agreements. To see this, suppose that the agreement {7', S} is part of the

25In Section 5 we highlight a second sense in which rigidity and discretion may be complementary: there we
show that, conditional on the agreement being rigid, it may be a good idea to impose an upper bound on the
import tax T' (weak binding), rather than an equality constraint. In other words, if the agreement is to be rigid,
it may be valuable to allow not only for discretion over S, but also for some downward discretion on T'.

26In the above statement we implicitly assume that k < 2, so that {T(y)} is not more costly than {T',S}.
But the statement is true also with k > 2, because as we establish below, {T'(y)} and {T, S} cannot both be
part of the optimal sequence.
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optimal sequence. Then Figure 2a, which depicts the relevant (m, ) combinations, illustrates
a consequence of the “concavity” condition of Lemma 1: the point associated with {T', S}
must lie (weakly) above the line connecting the points associated with {T'} and {F'B}. It is
straightforward to show that this in turn implies: 2(Qrpy — Qrsy) < k(Qqr,5y — Qry), or,
using the definitions above,

20RTS < kCD (3.3)

Similarly, suppose that the agreement {T'(7y)} is part of the optimal sequence of agreements.
Then, with reference to Figure 2b, Lemma 1 implies that the point associated with {T'()}
must lie (weakly) above the line connecting the points associated with {7} and {F'B}. Clearly
this implies: k(Q(ra) — Qrey) < 2(Qre)y = ry), or

kCD < 2CRT (3.4)

Now recall that CD < CD and CRTS > CRT (complementarity between rigidity and
discretion). Clearly, this implies that 3.3 and 3.4 cannot both be satisfied: if there are dimin-
ishing returns to complexity around {7, S} there cannot be diminishing returns to complexity
around {7T'(7)}, and vice-versa. In other words, because of the complementarity between rigid-
ity and discretion, returns to complexity must be increasing around (at least) one of these two
agreements.

Figures 2a and 2b reflect this point: if, as in Figure 2a, {7, S} is positioned above the
dotted line, {T(y)} must be positioned below it; and if, as in Figure 2b, {T'()} is positioned
above the dotted line, {T, S} must be positioned below it.>” Intuitively, the agreement {7}
features both rigidity and discretion. But the complementarity between rigidity and discretion
means that these two features are less costly when they are featured together than when they
are featured separately, as in the agreements {7, S} (which features only rigidity) and {7'(y)}
(which features only discretion). Therefore, {7, S} and {T'(y)} cannot both be positioned above
the line connecting {T'} and {F B}.

We summarize these results in the following proposition:

Proposition 2. Consider the agreement class Ay, and assume that only ~y is uncertain. There
exist scalars ¢y, co, c3 and ¢y with 0 < ¢; < ¢ < ¢3 < ¢4 < o0 such that the optimal agreement
is:

(a) the {F B} agreement for c € (0,¢;);

(b) of the form {T, S} for c € (¢1,¢2);

(c) of the form {T(v)} for ¢ € (ca, c3);

(d) of the form {T'} for ¢ € (c3,c4); and

(e) the empty agreement for ¢ > cy.

The critical levels of ¢ satisfy: (ca — ¢1)(cs — ¢2) = 0.

A first important aspect of Proposition 2 concerns the way contractual incompleteness varies
across policy instruments. According to Proposition 2 the effective subsidy S tends to be more

2TEach figure is drawn under the assumption that k < 2, but as can be seen from the preceding arguments
this is immaterial for the result.
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discretionary than T'; more specifically, for a range of sufficiently high contracting costs it may
be optimal to contract over import taxes T while leaving the effective production subsidy S
to discretion, but as Proposition 1 indicates and Proposition 2 confirms it is never optimal to
leave T to discretion and contract only over S.

In this way, Proposition 2 provides a general prediction that trade agreements should always
include commitments over import taxes, and should only introduce commitments over other
internal measures as the agreement becomes more complete. This prediction resonates to some
degree with the broad approach taken by the GATT/WTO, which has been to first establish
a base of commitments over import tax levels, and only later to broaden the agreement to
explicitly take on various internal measures (most notably, perhaps, subsidies). Notice, too,
that our prediction does not rely on an assumption that embodies the commonly-held view that
border measures are more transparent than internal measures and are therefore less costly to
contract over, an assumption that would only reinforce this prediction.

A second interesting aspect of Proposition 2 is the “complementary slackness” condition
(cg —¢1)(cg — co) = 0: if the discretionary contract {T'()} is optimal for a range of contracting
costs (i.e., if ¢3 < ¢3), then the rigid contract {7, S} is not optimal for any cost level (i.e.,
¢1 = ¢3), and vice-versa. In light of this condition, the next question that needs to be addressed
is the following: As contracting costs rise from zero, when is it optimal to first economize on
contracting costs by introducing discretion (¢ < ¢3), and when by first introducing rigidity
(Cl < 02)?

We focus mostly on the impact of the degree of uncertainty (A,) and of the import demand
level («). According to the intuition developed above on the determinants of the costs of rigidity
and discretion, we expect {7, S} to be favored over {T'(y)} when the level of import demand
« is high (so that the cost of discretion is high) and when uncertainty A, is low (so that the
cost of rigidity is low). Also, we highlighted above that the cost of discretion tends to be high
when the effective subsidy S is a close substitute for the import tax 7', which in turn is the case
when the demand slope  is low or the supply slope A is high. The following remark confirms
this intuition:

Remark 1. (i) If the import demand level « is sufficiently high and /or the degree of uncertainty
A, is sufficiently low, then c; < c; = c3: the optimal sequence of agreements always includes
{T', S} and never includes {T'()}.

(ii) If the demand slope [ is sufficiently low (so that S is a close substitute for T'), then
c2 = c3 = c4: the optimal sequence of agreements may include {T', S}, but it never includes
{T(1)} or {T}.

(iii) If the supply slope X is sufficiently low (so that S is a poor substitute for T'), then ¢; =
c2 < c3: the optimal sequence of agreements always includes {1 ()} and never includes {T, S'}.

The results summarized in Remark 1 stand in marked contrast to those reported in Battigalli
and Maggi (2002): in that model, as contracting costs rise, first the optimal contract becomes
rigid, and then discretion is introduced. In the present setting, due to the non-separable nature
of the contracting problem, it may be optimal to economize on contracting costs by introducing
discretion before rigidity, and it may even be the case that rigidity is not optimal for any level
of contracting costs.
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We argued above that rigidity and discretion may be complementary, but we have not yet
established whether it can indeed be optimal to combine rigidity and discretion, or in other
words, whether it may be optimal to write an agreement of the form {7'}. It is not hard to
find sufficient conditions such that {7} is optimal for a range of ¢, i.e. such that c¢5 < ¢4. For
example, one simple sufficient condition is that uncertainty (A,) is sufficiently low and policy
instruments are not very substitutable (A is low or /3 is high). To see this, notice that when
A, gets close to zero, any contingent agreement becomes dominated, leaving only {T'}, {T, S}
and the empty agreement as candidates for an optimum; and if policy instruments are very
dissimilar {7'} dominates {7, S}.

Remark 1 highlights how various parameters affect the optimal sequence of agreements as c
varies, but it does not examine the comparative-static impact of changes in those parameters.
For example, Remark 1 does not tell us how the optimal agreement changes as we increase «
while keeping all other parameters (including ¢) constant, which is an interesting question in
its own right. In what follows we examine the comparative-static effects of the two parameters
we are mostly interested in, that is o and A,,.

We start with changes in the domestic demand level, «. As we argued above, an increase in
« tends to increase the cost of discretion. Intuitively, then, increasing o while keeping all other
parameters constant should lead to a lower degree of discretion.

Also, it can be verified that « does not affect the costs of rigidity (CRT or CRT'S), thus
intuitively o does not affect directly the degree of rigidity. More specifically, as « increases, it
can be shown that the optimal agreement never switches from {7’} to {T'(v)} or from {7, S}
to {F'B}. In other words, it is never the case that a change in a changes the degree of rigidity
without affecting the degree of discretion. Nevertheless, the complementarity between rigidity
and discretion implies that, as a increases and discretion falls, rigidity may also fall, as in the
movement from {7} to {F'B}. The following proposition confirms this intuition:

Proposition 3. As the import demand level « increases (holding all other parameters fixed):
(i) The optimal degree of discretion decreases, in the sense that the number of policy instru-
ments specified in the optimal agreement increases (weakly); (ii) The optimal degree of rigidity
decreases (weakly).

The result of Proposition 3(i) can be interpreted as reflecting the impact that the monopoly
power effect has on the desirability of discretion, combined with the implication of Proposition
1. In particular, the higher is the degree of home-country monopoly power (the higher is «), the
less desirable it is to leave policy instruments to discretion, with the order in which instruments
are tied down (first 7" and then also S) dictated by Proposition 1.

More broadly, it is noteworthy to observe at this point that both of the factors which we
have identified as increasing the cost of discretion and hence favoring the agreement {7T', S} over
{T(v)} and {T'} — the instrument-substitutability effect and the monopoly power effect — could
arguably be seen to apply most aptly to relatively large developed countries. The essence of
the instrument-substitutability effect is that a government has access to a rich array of internal
measures which it can use to carry on terms-of-trade manipulation should its import taxes be
constrained through an international trade agreement. And the essence of the monopoly power
effect is that a country is large in world markets, so that it faces foreign export supply that
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is far from perfectly elastic. Arguably, both of these features are more likely to be true of
large developed countries. When viewed in light of our discussion above, this observation is
potentially interesting, because it suggests that the attractiveness of contracting over internal
measures (such as those embodied in S in our formal model) may be different for large developed
countries than for small developing countries, and in particular that optimal contractual design
might entail small developing countries negotiating commitments of the form {7'(v)} or {T'}
while large developed countries negotiate commitments of the form {7, S}. While our two-
country model cannot really address this issue formally, our results are at least suggestive of
the possible benefits of a kind of “Special and Differential Treatment” rule for small/developing
countries when it comes to contracting over internal measures (such as subsidies).?®

Proposition 3(i) also suggests a possible explanation for an important aspect of the evolution
from GATT to the WTO, namely, the fact that the WTO has introduced a substantial effort
to regulate the use of domestic subsidies that was not present in GATT, and is moving toward
further constraints on internal measures more generally. The possible explanation for this
highlighted by Proposition 3(i) is that the increase in trade volumes over time (which in our
model can be captured by an increase of «) has increased the cost of discretion, which in turn
has augmented the need to constrain domestic subsidies and other internal measures in the
agreement.

Finally, as we highlighted above, Proposition 3(ii) is a consequence of the complementarity
between rigidity and discretion. This implies that rising trade volumes (higher o) may make
it worthwhile to add contingencies to the agreement, but only because it is now worthwhile to
contract over internal measures, and the value of adding state-contingencies to the agreement
is enhanced as a result.?’

Next we consider the comparative-statics effects of changes in the degree of uncertainty, A,.
It is straightforward to establish the following result:

Proposition 4. As the degree of uncertainty A, increases (holding all other parameters fixed),
the optimal agreement may switch from a rigid agreement to a contingent agreement, but not
vice-versa.

By itself, the result reported in the above proposition is not particularly surprising: it seems
inevitable that increasing uncertainty should reduce the attractiveness of rigid agreements, just
as the proposition reports. But there is also a more subtle feature of this result, which is
that it concerns uncertainty over a state variable that is directly relevant for the setting of T’
in the {FB} agreement. As we demonstrate in the next subsection, the effects of increasing
uncertainty over state variables (such as «) that are not directly relevant for the setting of T'
in the {F'B} can be very different.

28In fact, when it comes to subsidies, Part VIII of the WTO Subsidies and Countervailing Measures Agreement
introduces just such an exemption from commitments for LDCs. We thank Robert Lawrence for first bringing
this implication to our attention.

29We also note that it would not be accurate to say that an increase in o reduces both the degrees of discretion
and rigidity because it increases the surplus from contracting, and hence for « sufficiently high the first-best
agreement becomes optimal. It is not hard to verify that, starting from a parameter configuration for which
{T, S} is optimal, increasing a will not cause a switch from this contract to {F'B}.
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3.2. Uncertainty about the level of import demand

In the previous subsection we examined a simple stochastic environment where uncertainty
concerns only a state variable that affects directly the first-best levels of 1" and S. Here we
explore the implications of a different type of uncertainty, which in some sense is at the opposite
extreme: we now suppose that uncertainty concerns only a state variable — namely the domestic
demand level o — that has no impact on the first-best levels of T" or S. Focusing separately
on these two extreme cases is instructive, because it highlights how the rigidity-discretion
trade-off and the structure of the optimal agreement depend crucially on the nature of the
uncertainty in the contracting environment. In section 3.3 we show how the insights gained from
these two extreme cases allows an anticipation of the results that arise under multidimensional
uncertainty.

We assume that a can take two possible values with equal probability: &+ A, and a — A,
with A, > 0. In this environment, the { F'B} agreement takes the form {T" = 7;S = —7}.
Notice that the { FFB} agreement is no longer state contingent, because it does not depend on
the uncertain parameter «, and 7 is a deterministic value. Also notice that, as an immediate
implication of Proposition 1, there are now four types of agreements that can potentially be
optimal: (i) the {F' B} agreement, which is of the type {T,S}; (ii) agreements of the form
{T'(cv)}; (iii) agreements of the form {T'}; and (iv) the empty agreement.

Two important new insights emerge in this environment. The first one is the possibility of
the agreement {T'(«)}, where T'(«) is an increasing function. This has the flavor of an escape-
clause type of agreement: when « is high, the underlying import volume is high, and so with
T'(«) an increasing function the agreement {T'(«)} allows for the import tariff to rise in states
of the world in which the underlying import volume is high, broadly analogous to the escape
clause provided in GATT Article XIX.3°

The potential appeal of an escape clause in the current setting can be understood with
reference to the monopoly power effect. In particular, recall that if S is left to discretion (as in
the agreement {T'(«)}) then it will be used to manipulate the terms of trade, and the incentive
to do so will be stronger when « is higher according to the home-country monopoly power effect.
A higher T" mitigates the incentive to distort S for terms-of-trade purposes, and so allowing for
a higher T" when « is higher can therefore help to mitigate the use of S for purposes of terms-
of-trade manipulation when the incentive is highest to do so. In this way, our model identifies a
novel rationale for the desirability of escape clauses in trade agreements: an escape-clause type
agreement of the form {7'(a))} can be attractive relative to a rigid agreement of the form {7'}
because it provides a means of managing the distortions associated with leaving S to discretion.

The second new insight is that rigidity and discretion are no longer complementary, but
are instead substitutable. Formally, it is easy to see that the cost of discretion in the presence

30We say that {T'(a)} has the “favor” of an escape-clause type of agreement, because there are some important
features of GATT Article XIX that are not captured by {T'(«)}. For instance, under Article XIX a country
is allowed to raise its tariff in case of import surge, whereas {T'(«)} leaves no discretion on T (though our
later results on weak bindings suggest that this feature could be captured in a straightforward manner). More
importantly, Article XIX includes an “injury” test, which has no counterpart in {T'(c)} (however, an explanation
for the injury test is also lacking in other theoretical interpretations of the escape clause, such as Bagwell and
Staiger, 1990).
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of rigidity, CD = 1.5y — 7y, is higher than the cost of discretion absent rigidity, CD =
Qry — Qr(a)y- This is because the { FB} agreement is non-contingent, so rpy = Qyr.s1,
and Qr(a)y > Qqry. The substitutability between rigidity and discretion can also be seen from
the perspective of the costs of rigidity, CRT'S and CRT. Clearly in this setting CRTS = 0,
because the first-best agreement is non-contingent, and hence CRT'S < CRT'. Recall that this
condition is equivalent to the condition CD > CD.

Intuitively, here the presence of rigidity does not confer any extra value to discretion: in-
troducing discretion in a rigid contract does not generate any benefits in terms of improved
state-contingency. To the contrary, now the cost of discretion is lower when the agreement is
not rigid, and the reason is that the adverse affects of discretion over S can be mitigated — as
we explained above — by making the value of T' contingent on the state; this mitigation of the
cost of discretion is not possible within a rigid contract.

These observations, together with those made in the previous subsection, suggest an impor-
tant insight: the interaction between rigidity and discretion depends crucially on the nature
of the uncertainty in the contracting environment. When uncertainty concerns variables (such
as ) that are directly relevant for the first-best policy levels, rigidity and discretion tend to
be complementary, but when uncertainty concerns variables (such as «) that are not directly
relevant for the first-best policy levels, then rigidity and discretion tend to be substitutable.

One consequence of the substitutability between rigidity and discretion in the present sto-
chastic environment is that the “concavity” condition implied by Lemma 1 now may be satisfied
for all relevant complexity levels, and therefore we do not have a “complementary slackness”
condition as in the previous section: all four candidate agreements may be part of the optimal
sequence as c¢ increases. The following proposition confirms this point:

Proposition 5. Consider the agreement class Ay, and assume that only « is uncertain. There
exist scalars ¢y, co, and c3 with 0 < ¢; < ¢y < ¢3 < o0 such that the optimal agreement is:

(a) the { B} agreement {T' = 7;S = —4} for ¢ € (0,¢1);

(b) of the form {T'(a)} for ¢ € (c1, ¢a);

(c) of the form {T'} for ¢ € (cq,c3); and

(d) the empty agreement for ¢ > cs.

Since a key new insight in this environment is the possibility of the {7'(«)} agreement, the
next question we want to address is, Under what conditions (if any) is the agreement {7'(«)}
optimal? The following remark identifies conditions on model parameters under which {7'(«)}
is optimal for a range of c:

Remark 2. If k is sufficiently small and )\ is sufficiently low, then c¢; < cy: an escape-clause-
type agreement of the form {T'(«)} is optimal for some c.

The result reported in Remark 2 is intuitive in light of our discussion just above. In par-
ticular, if the degree of substitutability between 7" and S is sufficiently low (as when A is low)
so that leaving S to discretion is an attractive option, then an escape-clause type agreement of
the form {T(«)} will be optimal for a range of ¢ as long as the added complexity of contracting
over state variables (k) is sufficiently small.
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Finally, we note that the comparative-static effects of changes in the expected demand level
& can be shown to be similar to those described in Proposition 3 of the previous subsection
for the case of changes in « in the presence of 7 uncertainty. On the other hand, the effects of
changes in the degree of uncertainty over o (A,) differ in an interesting way from the effects
of changes in the degree of uncertainty over v (A,) as reported in Proposition 4. To illustrate
this difference, note that as A, increases, the optimal agreement may switch from a contingent
type {T'(«)} to a rigid type {T, S}, which as Proposition 4 indicates can never happen with
an increase in A,. Intuitively, this reflects the workings of the monopoly power effect, and
the fact that the cost of discretion (C'D) is not only rising in « but also convex: hence, as
uncertainty over « rises, C'D rises, and it may be optimal to move from a contingent agreement
with discretion to a rigid agreement without discretion. This confirms our earlier observation
that the effects of uncertainty depend on whether it concerns state variables that are directly
relevant to the first best policy levels (as in A,) or rather state variables that are not directly
relevant to the first best policy levels (as in A,).

3.3. Multidimensional uncertainty

In sections 3.1 and 3.2, for pedagogical reasons we focused on two extreme stochastic environ-
ments: one where uncertainty concerns only the externality (), and one where uncertainty
concerns only the level of import demand («). Here we consider how the main results derived
in those sections are modified when both ~ and « are uncertain.

Let us examine what types of agreement can potentially be optimal in this setting. First
observe that the { B} agreement continues to be {T' = 7; S = —v} and therefore costs (4+k)c,
just as in the case where only 7 is uncertain. The second observation is that, besides the { B}
agreement and the empty agreement, there are now five agreements that can potentially be
optimal, four that we have considered already and a new one. The four that we have seen
already are {T', S}, {T'(7)}, {T(«)} and {T'}; the new one is {T'(c,7)}.

So the main difference in results with respect to the case of one-dimensional uncertainty
is that there are three potentially optimal contingent-7' agreements ({T'(y)}, {T'(«)} and
{T(a,7)}), instead of just one. Intuitively, it may be appealing to make 7' contingent on
«, on y or on both, depending on the exact distribution of uncertainty.

It is worth emphasizing the possibility that an agreement {7'(«,y)} may be optimal: this is
a case in which the presence of contracting costs may lead the agreement to be contingent on
more variables than the first best. The reason why it may be desirable to have such an over-
contingent agreement is that, if it is worthwhile leaving discretion over domestic instruments
to save on contracting costs, it may also be worthwhile making the import tax 7" contingent
on the domestic demand level « — in addition to the externality v — in order to mitigate the
distortions associated with discretion.

Let us consider briefly the conditions under which an agreement of the type {T'(«,v)} is
optimal for a range of contracting costs c. Note that this agreement costs 2(1 + k)c. Thus, if
k > 2, so that the cost of adding a state-contingency is large relative to the cost of adding a
policy, the agreement {T'(«,y)} costs at least as much as the { FB} agreement, and hence can
never be optimal. Thus k < 2 is a necessary condition for {T'(a, )} to be optimal for some c.
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Also, it is not hard to establish sufficient conditions under which this agreement is optimal for
some c¢: for example, this is the case if (i) k is sufficiently small, (ii) the cost of discretion is
not too high (for example because S is not a good substitute for 7"), and (iii) o and 7 are not
perfectly correlated.?!

It is worth emphasizing also the possibility that, even though the first best outcome calls for
T to be contingent on +, the optimal agreement may be {T'(«)}: in the presence of contracting
costs it may be optimal to make T' contingent on the "wrong" state variable, i.e. the one that
is not relevant for the first best policy levels.??

Aside from the changes in results highlighted above, the other qualitative insights that we
derived in the context of one-dimensional uncertainty generalize in a natural way to a setting
where both o and ~ are uncertain. For example, it can be shown that a higher expected level
of domestic demand leads to a lower degree of discretion in the optimal contract, similarly
as in the one-dimensional uncertainty case. Also our results about the complementarity or
substitutability between rigidity and discretion generalize in an intuitive way. In the previous
sections we showed that, if only v is uncertain, rigidity and discretion are complementary, while
they are substitutable if only « is uncertain. Intuitively, then, rigidity and discretion tend to
be complementary if uncertainty in « is important relative to uncertainty in «, and vice-versa.

Overall, we may state that the essential insights of our one-dimensional uncertainty analysis
are preserved in an environment where both v and « are uncertain. The same insights are likely
to be preserved also with more general multidimensional uncertainty, except of course that the
optimal agreement may be contingent on state variables other than « or 7.

4. The Role of the National Treatment Clause

A distinguishing feature of the GATT/WTO (albeit increasingly less of the WTO) is that it
combines rigid bindings on tariffs with a significant amount of discretion over internal measures.
This discretion is not complete, however. An important legal instruments that can be invoked
by Members in order to address internal measures is the National Treatment (NT') provision in
GATT Article III. This instrument can naturally be seen as an attempt to remedy problems
that arise under the contractual incompleteness of the GATT/WTO. In this section we evaluate
the usefulness of the N'T clause as a means to economize on contracting costs.

The ideal theoretical approach to evaluate the NT provision would be to extend the set of
feasible agreements Ay to allow for a more general class of agreements, and then to examine
whether and when an NT clause of the type observed in the GATT/WTO is part of an optimal
agreement within this wider class. Such an evaluation would be extremely complex however,
partly because there would be a very large number of agreements to consider. We therefore

31Consider the extreme case k = 0. Then {T(a,v)} dominates {T'(«)}, {T'(7)} and {T'}. Moreover, {T,S}
is dominated by {FB}. As a consequence, {T'(«,v)} is the only agreement that can be optimal, besides { B}
and the empty agreement. And clearly, if the cost of discretion is not too high, {T'(«,~y)} will be optimal for
some c.

32Tn reality it is probably the case that « is easier to describe and verify, so the cost of contracting over « is
lower than the cost of contracting over . But this would of course only strengthen our point, which holds even
in the absence of such an asymmetry in the cost of contracting over state variables.
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attempt something more modest, relying on institutional motivation to restrict our attention to
studying the potential desirability of just this particular clause: we expand the class of feasible
agreements Ay to allow for agreements that include the NT clause, and examine conditions
under which the optimal agreement in this wider class includes the N'T clause.

For our purposes, the relevant part of the NT clause can be found in GATT Article II1.2,
which addresses internal taxation. The exact interpretation of this provision is subject to debate
in the legal and economic literature, but we take the view that the core of the NT rule can
be captured in the context of our model by the simple constraint ¢, = ¢;.3* It is important
to note that, while the NT provision restricts internal taxes to be the same, it allows the
importing country discretion over the level at which these are set. In line with our assumptions
on contracting costs, we assume that including the NT clause in the agreement costs 2¢,.**

We refer to an agreement that includes the NT clause as an “NT-based” agreement. As
indicated above, in this section we focus on an extended set of agreements that includes the
class considered in the previous section (Ag) plus the class of NT-based agreements. Letting
Apn7 denote the class of NT-based agreements, we are thus focusing on the set of agreements
Ao U Anr.

The points we will make in this section do not depend on the exact nature of the uncertainty,
so we will allow for multidimensional uncertainty as in section 3.3. We focus on the case of a
consumption externality, as in our basic model, but the main insights would not change if we
had a production externality or political-economy motives along the lines of section 6.

We begin by observing that the relationships between price wedges and policies are different
for non-NT agreements and N'T-based agreements. For non-NT agreements, these relationships
are the same as in the previous section, as recorded in 2.1. Within this class, as we argued
previously, we can focus on agreements that tie down S and/or T. However, for NT-based
agreements, the arbitrage conditions become

p = p"+7+t, and (4.1)
q = p'+T1+s.

33There are two interpretation issues that can be raised here. First, Article ITI1.2 speaks of “treatment no less
favorable,” which suggests that a more accurate formalization of the NT provision is given by the inequality
constraint ¢, > t¢. However, in our model it can be shown that this constraint would always be binding, so
that there would be no gain in allowing for this inequality constraint. Also, Article III.1, which sets the stage
for the NT clause, restricts attention to measures that are applied “...so as to afford protection...”. This poorly
drafted sentence can be read in various ways, including that the provision should only have a bite against
“protectionism,” and not in cases where higher taxation of a foreign product is motivated by the pursuit of
more legitimate objectives. This is not an issue in the context of the current model, since there is no ground for
treating the imported product less favorably than the locally produced good in any of the setups we consider.
However, if the model were slightly modified, so as to let the imported product potentially be associated with
a more severe regulatory problem than the domestically produced good, this would become an important issue;
see Horn (2006). See also Horn and Mavroidis (2004) for legal and economic analyses of Article IIT text and
case law as it pertains to taxation.

341t could be argued that including an NT clause in the agreement should cost less than specifying exact levels
for ¢, and ty, so it might be more realistic to assume that the NT clause costs less than 2c,. By abstracting
from this consideration we are stacking the deck against NT: if including the NT clause costs less than 2¢,,, the
parameter region under which NT is optimal will be wider.
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Within this class, we can focus on agreements that tie down some or all of the instruments
(1,1, ).

Notice that the N'T clause, if applied in the absence of further constraints, has no real effect
because it does not prevent the importing country from manipulating both price wedges at will.
As a consequence, both the efficient outcome and the Nash equilibrium derived in the previous
section in the absence of NT, can also be implemented with policies that conform to the NT
clause. In particular, the efficient policies under N'T are given by

el =0, = v, and sIF = .
and the Nash equilibrium outcome can be achieved with policies that conform to NT by setting

VB — P tflvE = tjcVE = (NP =, and sVE = .

x 7

There is thus no inherent violation of NT in the Nash equilibrium of our model. Therefore, to
the extent the N'T clause will have a real bite, it must be because other contractual obligations
yield incentives for the importing country to use internal taxation in a discriminatory way.

There are potentially many kinds of NT-based agreements, but we can reduce the number
that must be considered by focusing only on NT-based agreements that can be strictly optimal
in the class Ay U Anr.

It turns out that the only type of NT-based agreement that can be strictly optimal is one
that ties down 7 and s, leaving the common consumption tax ¢ to discretion. We denote this
type of agreement by { NT, 7, s}. The next remark states the point.

Remark 3. Consider the agreement class Ao U Ayr. The only NT-based agreements that can
be strictly optimal are of the form {NT, T, s}.

The intuition for this result is simple. An agreement of the type {NT 7, s} leaves discretion
over the common consumption tax t. At a more fundamental level, as can be seen from the
expressions (4.1), this agreement leaves discretion over the consumer price wedge p — p*, while
tying down the producer price wedge ¢ — p*. As we remarked earlier (see footnote 23), this kind
of discretion cannot be generated by a non-NT agreement. This is a simple but subtle point
that bears emphasis: an agreement that imposes separate constraints on (some or all of) the
policy instruments (s, 7,%p,tf), or equivalently on 7" and/or S, cannot leave discretion over the
consumer price wedge while tying down the producer price wedge. This can be done only by
constraining the relationship between the internal consumption taxes ?;, and t;; and imposing
NT is a simple way of doing this. This is why an N'T-based agreement can potentially achieve
a strict improvement over non-N'T agreements. It is also not hard to see that the only type of
NT-based agreement that can strictly improve over non-NT agreements is {NT', 7, s}.%°

Our next objective is to determine under what conditions an NT-based agreement is strictly
optimal for a range of contracting cost c.

35Note in particular that, since the NT clause costs 2¢p, a contingent NT-based agreement of the form
{NT,7(-),s(-)} cannot be strictly optimal, because it costs as much as the {FB} agreement.
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We start with an intuitive discussion of the pros and cons of the NT-based agreement
{NT, 7, s} relative to non-NT agreements. How attractive is the NT-based agreement as a way
to save on contracting costs? Relative to { F'B}, this agreement implies lower contracting costs
(as long as there is some uncertainty, i.e. A, > 0), but on the other hand, it cannot achieve the
first best outcome, because it leaves discretion over consumption taxes, and this discretion will
be used by governments to manipulate terms of trade. In what follows we refer to the "cost
of discretion over t" as the difference in gross global surplus between {F B} and {NT, 7, s},
that is Q¢rpy — Qqn7,rsp. Just as we have seen in previous sections that the cost of discretion
over S depends critically on the degree of instrument substitutability and the magnitude of
the home-country monopoly power, it may be seen that the cost of discretion over ¢ depends
critically on these factors as well, and for the same reasons.

To see this, consider first the role of the degree of substitutability between ¢ and 7. Clearly,
if t and 7 are highly substitutable, then any constraints placed on 7 (and s) through an NT-
based agreement can be largely undone if ¢ is left to discretion, just as with S and T for non-NT
agreements. However, importantly, the underlying parameter conditions that cause ¢t and 7 to
be highly substitutable are essentially opposite to the parameter conditions that cause S and
T to be highly substitutable (low $ and/or high \). To see this, consider the equilibrium terms
of trade, which is easily derived to be

pi(r,t,s) =q" =[a+a* = (B+ N1 — As — [t]/T.

Inspection of this expression confirms that ¢ is a close substitute for 7 when 3 is high and/or A
is low. When A\ is close to zero, t and 7 are close to perfect substitutes, and hence an agreement
of the type {NT, 7, s} offers essentially no improvement over the empty agreement. On the
other hand, if § is close to zero, t is nearly useless as a surrogate means to distort terms of
trade, and hence the cost of discretion over t approaches zero.

The degree of home-country monopoly power can be shown to affect the cost of discretion
over t in a very similar way as the cost of discretion over S: when the home country enjoys
higher monopoly power over trade, the incentive to distort ¢ in order to manipulate terms of
trade is stronger. And since a key determinant of the degree of home-country monopoly power
is the import demand level, when « is higher the cost of discretion over ¢ is higher, thus making
the agreement { NT', 7, s} less attractive.

Having discussed at a broad intuitive level what are the pros and cons of NT-based agree-
ments, the next question is whether there exists a parameter region in which the optimal
agreement is indeed of the type {NT,7,s}. The answer is yes. To see why, notice frst that,
if 3 is small, {NT, 7, s} can implement an outcome close to the first best (t*// = v, 7¢// =0,
s¢// = 0), because the importing government will set ¢ close to 7. Recalling the “concavity”
condition of Lemma 1, it is easy to see that, if 3 is sufficiently small, moving from {NT, 7, s} to
a more complex agreement can offer at best a negligible gain, while moving from { NT, 7, s} to a
less complex agreement necessarily implies a non-negligible loss. This immediately implies that
the concavity condition implied by Lemma 1 is satisfied. And since {NT, 7, s} is undominated
in its complexity class, both conditions implied by Lemma 1 are met.

The following proposition records this result:
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Proposition 6. Consider the agreement class Ay U Ayp. If A, > 0 and 3 is sufficiently small
(so that the consumption tax t is a poor substitute for the tariff 7), then there is an intermediate
range of ¢ for which the optimal agreement includes the N'T' clause.

The above proposition identifies a simple condition under which our model can rationalize
the use of an N'T-based agreement: an agreement of this kind is strictly optimal if the degree
of substitutability between ¢ and 7 is sufficiently small, and the level of elementary contracting
costs ¢ lies in some intermediate range.?® Intuitively, this condition describes a world in which
the NT-based agreement gets close to the first best while avoiding the need to utilize costly
state-contingencies by utilizing instead the discretion over internal taxes afforded by the NT
clause.

5. The Role of Weak Bindings

In the previous sections we focused on agreements that impose equality constraints, as in
{T'=2} or {NT,7 =0,s = 0}. This restriction, of course, would be without loss of generality
in a world of costless contracting, for in this case it would be optimal to implement the first
best outcome, and this can be achieved with an agreement that imposes equality constraints
(as in {T" =, S = —v}), so there would be nothing to gain from using inequality constraints.
In the presence of contracting costs, however, it may not be optimal to implement the first-best
outcome, and as we will argue in this section, in a second-best environment it may be preferable
to impose policy ceilings rather than equality constraints. Below we will make this claim more
formal, but as a first step we develop some intuition through a simple example.

As a first observation, we note that a “weak” binding cannot offer a strict improvement over
a “strong” binding that is state-contingent (e.g., {7° < v} cannot improve over {T' = ~}). The
reason is simply that a state-contingent strong binding can be structured so as to position the
policy variable exactly where it is optimal to place it for every possible realization of the state
variable, and so the added ex-post flexibility that a weak binding offers cannot be of value.

Suppose that only v is uncertain, and that the optimal agreement in class Ay U Ay is of
the form {T" = T'}. Now consider replacing this strong binding with the weak binding {T" < T'}.
This agreement clearly performs at least as well as the previous one, because the purpose of
the agreement is to prevent governments from raising import taxes above their efficient level.
Can a weak binding be strictly preferable to a strong binding? This depends on the exact
configuration of parameters. Let TV () denote the Nash equilibrium level of T" as a function
of 7. Intuitively, and noting that TV¥ is increasing in -, the optimal level of the strong binding
T must be below TV (3+A.), but it may not be below TV (y—A.). If T is above TVF(3—A.),
then a weak binding is strictly preferable, because in the low state the government will choose a

36The reader might wonder whether our model can rationalize a contingent NT agreement of the form
{NT,7(-),s} as a strictly optimal agreement. As remark 3 states, under our contracting cost assumptions
the answer is no. But we note that, if we modified slightly our contracting cost assumptions by assuming that
the N'T clause costs less than 2¢c, — see footnote 34 — then there would exist a parameter region where a contin-
gent N'T agreement is optimal. Incidentally, note from the NT pricing relationships in 4.1 that an agreement
where both 7 and s are contingent is equivalent to one where only 7 is contingent, and also to one where only
s is contingent.

31



level of T below the binding, and this improves global welfare. Clearly there exist configurations
of parameters for which this is the case.

The next proposition confirms and extends this intuition. In particular, we are able to show
that weak bindings are preferable to strong bindings not only for the import tax 7" or the tariff
7, but also for the other policy instruments that the agreement may need to bind, namely the
production subsidies. The intuition is similar as the one we provided above for the import
tax: governments are tempted to distort production subsidies in import-competing industries
upwards, and hence the relevant constraint that needs to be imposed on governments is an
upper bound on the subsidy.

The proposition is valid regardless of which state (7 or «) is uncertain, therefore we do
not need to be specific about the source of uncertainty.>” We will refer to a constraint of the
kind x < Z (where x is some policy instrument and Z a noncontingent level) as a “rigid weak
binding” and to a constraint of the kind z = Z as a “rigid strong binding.”

Proposition 7. Suppose the optimal agreement in the class Ay U Ayr includes some rigid
strong binding. Then this agreement can be weakly improved upon by replacing the rigid
strong bindings with rigid weak bindings, and the improvement is strict for some configurations
of parameters.

Note that a rigid weak binding combines rigidity and discretion, since the ceiling does not
depend on the state of the world and a government has discretion to set the policy below
the ceiling. Thus, our result highlights another sense in which rigidity and discretion may
be complementary ways to economize on contracting costs: in Section 3.1 we argued that, if
uncertainty concerns state variables that are directly relevant to the first-best policy levels,
the cost of discretion over domestic instruments is lower in the presence of rigidity than in its
absence; here we have shown that, conditional on the agreement being rigid, it may be valuable
to give governments downward discretion in the setting of the relevant policies.

In light of the above result, our model suggests that the constraints imposed by trade
agreements should predominantly take the form of weak bindings. This prediction is broadly
consistent with the observed nature of the GATT/WTO contract, where policy commitments
are essentially all in the form of weak bindings.®

37 As applied to trade taxes, the proposition would also remain valid in an export sector. However, it would
have to be qualified with respect to the domestic instruments, because in export sectors the terms-of-trade
motives lead to domestic interventions of reverse signs (i.e., taxes on domestic production of the export good,
and subsidies on domestic consumption of the export good).

38We note here that this is not the only possible explanation for the use of weak bindings. Maggi and
Rodriguez-Clare (2005) propose an alternative explanation based on political-economy considerations: their
basic idea is that weak bindings allow governments to extract rents from lobbies after the agreement is signed,
since they allow a government to credibly threaten its domestic lobbies to lower the level of trade protection
below the ceiling. We also note that the explanation proposed here is somewhat related to the one proposed
in Bagwell and Staiger (2005), where weak bindings may be preferred to strong bindings in the presence of
political-economy shocks that are privately observed by governments.
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6. Production Externalities and Political-Economy Motives

In our basic model, the efficiency rationale for policy intervention is given by a consumption
externality. In this section we consider two alternative possibilities: first, that the efficiency
rationale for policy intervention is given by a production externality, and second, that the
efficiency rationale for policy intervention is of a political nature.

To keep the discussion simple we focus on the class of agreements A, that is, we abstract
from the possibility of NT-based agreements and weak bindings, but the arguments we present
here are easily extended to allow for these possibilities.

Consider first the case of a production externality. Let us set v = 0 and suppose that there
is a positive production externality in the home country equal to 0 X with ¢ > 0, and that
as before this externality enters directly and separably into the representative home-country
citizen’s utility and does not cross borders. We allow the possibility that both the externality
o and the domestic demand level & may be uncertain.

In this environment, it is straightforward to establish that the {F B} agreement takes the
form {T"= 0; S = o}, so that only S is now state-contingent. Notice the difference with respect
to the case of an (uncertain) consumption externality, where the first-best levels of both S and
T were state-contingent. This difference has some subtle implications for the nature of the
optimal agreement, as we discuss below.

To a large extent, the qualitative results for this case are similar to those for the case of a
consumption externality. In particular, the candidates for an optimal agreement are the same
as in section 3.3, except of course that T'(y) and T'(v,«) are replaced respectively by T'(o)
and T'(o,«) (and the {FB} agreement is different, as we already highlighted). But there is
an interesting difference between the two cases: the potential appeal of making 7' contingent
on o (as in the agreements 7T'(c) and T'(o, «)) is distinct from the potential appeal of making
T contingent on v in the case of a consumption externality, and arises for reasons analogous
to the potential appeal of the escape-clause-type agreement {T'(«)}. In particular, making 7'
contingent on ¢ is potentially attractive because it provides a means of managing the distortions
associated with leaving S to discretion.*” Notice that the three agreements T'(a), T'(¢) and
T(o, «) are potentially attractive for a similar reason; intutively, then, the performance of these
agreements relative to each other will depend on the exact nature of the uncertainty, including
which of the two sources of uncertainty is more important.

Another point of difference between the production and consumption externality cases con-
cerns the complementarity /substitutability between rigidity and discretion. As we argued in
the previous sections, uncertainty about state variables that affect the first-best level of S (e.g.
7v) tends to generate complementarity, whereas uncertainty about state variables that do not
affect the first-best level of T' (e.g. «) tends to generate substitutability. As we highlighted

39To see this, recall that if S is left to discretion (as for example in the agreement {T'(¢)}) then it will be
distorted from its Pigouvian level and used to manipulate the terms of trade. However, the higher is o, the
lower is the Nash trade volume and hence the lower will be the terms-of-trade incentive to distort S away from
its Pigouvian level. The implication, then, is that the incentive to distort S for terms-of-trade reasons will be
stronger when o is lower according to the monopoly power effect. A higher T' mitigates the incentive to distort
S for terms-of-trade purposes, and so allowing for a higher 7" when ¢ is lower can help to mitigate the use of S
for purposes of terms-of-trade manipulation when the incentive is highest to do so.
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above, o affects the first-best level of S but not that of 7', and this implies that both forces are
at work, thus in general uncertainty about ¢ has ambiguous implications for the complementar-
ity /substitutability between rigidity and discretion. Since uncertainty about v unambiguously
pushes toward complementarity, broadly speaking we can say that in the case of production
externalities rigidity and discretion are less likely to be complementary, as compared with the
case of consumption externality.

Next we consider a simple political-economy extension of the model, in which each govern-
ment maximizes a modified welfare function that attaches an extra weight to domestic producer
surplus. More specifically, we consider the possibility that each government maximizes an ob-
jective function of the form W = W + ¢ - II. We allow for the possibility that both the import
demand level o and the political-economy parameter ( may be uncertain.

Clearly, there is a close similarity between this case and the case of production externality
considered above, since the domestic producer surplus is closely related to the domestic output
X. This similarity is reflected in the feature that, in both cases, the first-best outcome (from
the point of view of the governments’ objectives) entails a price wedge only on the producer side
and not on the consumer side, and therefore the first-best level of T is zero and the first-best
level of S is positive. But there is also an important difference: while in the case of production
externality the first-best level of S is equal to ¢ and does not depend on the demand and
supply conditions, in the case of political economy considerations the first-best level of S is
proportional to domestic output X, and this does depend on demand and supply parameters.
As a consequence, the first-best agreement will take the form {T" = 0;5 = S(§, )}, where
S(€, @) is increasing in both arguments. Note that this agreement costs 2(2 + k)c.

The fact that the {F B} agreement is contingent on both state variables implies that, be-
tween {F'B} and the empty agreement, there is one more cost class to consider relative to the
cases examined previously, namely the agreements that cost (4+ k)c. These are the agreements
where both policies are contingent on a single state variable (« or 7). Aside from this, however,
the main qualitative results are the same as in the case of production externality.

Before concluding, we want to emphasize again the possibility of an escape-clause type
agreement {7T'(«)}, because in this political-economy setting it has a particularly interesting
interpretation. The efficient way to take care of the governments’ distributional concerns is to
practice free trade (7" = 0) and offer domestic subsidies contingent on political shocks (¢) and
on import demand shocks (a)). But in the presence of contracting costs, it may be optimal to
leave domestic subsidies to discretion, allow governments to interfere with trade, and permit
higher trade barriers in case of a surge in import demand.

7. Conclusion

This paper takes a first step in the analysis of trade agreements as endogenously incomplete
contracts. We have shown that an incomplete contracting perspective provides a novel explana-
tion for the emphasis on border measures that has traditionally characterized real world trade
agreements, and provides as well a novel explanation for the appeal of escape clauses in the
presence of surging import demand. We have also established that the nature of the optimal
agreement in an incomplete contracting setting depends on features of the underlying economic
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environment that can be given simple economic interpretations: the degree of substitutabil-
ity across instruments; the extent of monopoly power on world markets; the extent to which
discretion facilitates state-contingency; and the source (and not just the level) of uncertainty.
Employing these features, we have identified conditions under which the two essential meth-
ods for saving on contracting costs — introducing rigidity and/or introducing discretion into
the agreement — can be either complements or substitutes. We have found that the optimal
agreement tends to leave less discretion over domestic instruments when trade volumes are
higher. And finally, we have shown that the appeal of some of the more subtle clauses and
features of the GATT/WTO, such as its NT provision and its emphasis on weak bindings, can
be understood from the incomplete contracting perspective.

Of course, for both analytical feasibility and pedagogical reasons, we have adopted many
strong simplifying assumptions, and so our model abstracts from many important elements that
should be incorporated into a more complete theory. We conclude with a brief discussion of a
number of these elements, and suggest directions for further research.

Our analysis has been performed within a two-country setting. This precludes the study of
one of the foundational provisions of the GATT/WTO, its MFN rule. Extending our analysis
to a multi-country environment would also permit a formal exploration of a point suggested
by our two-country analysis, namely, that a “special and differential treatment” rule might be
warranted for small/developing countries when it comes to contracting over internal measures
(such as subsidies).

We have restricted our focus to instrument-based contracts, excluding outcome-based con-
tracts from our analysis. Outcome-based bindings of trade volumes or prices are not emphasized
in the GATT/WTO, and so this is a natural starting point. But there are certain provisions
of the GATT/WTO (most notably the Non-Violation provision of GATT Article XXIII) that
do have this flavor, and such provisions warrant further investigation within an incomplete-
contracts setting, since they seem highly suggestive of attempts to economize on contracting
costs.

We have adopted the view that trade agreements serve to provide an escape for governments
from a terms-of-trade driven Prisoner’s Dilemma. An alternative view is that trade agreements
help governments make commitments to their private sectors (e.g., unions or political lobbies).
Under this alternative view, the nature of the first-best contract would be quite different, and
so naturally the nature of the optimal agreement in an incomplete contracting environment is
likely to be quite different as well.

Finally, our formal analysis does not identify an explicit role for a dispute settlement body.
But it is often observed informally that the Dispute Settlement Body of the WTO plays an
important role in helping to “complete” the incomplete WTO contract. Our contracting costs
are modeled as a “black box,” but introducing an explicit role for a dispute settlement body
into our analysis would require disentangling contract writing costs from costs of interpreting
and enforcing the contract. We leave these and other important tasks for future work.
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8. Appendix

Proof of Lemma 1: We first argue that conditions (i) and (ii) are both necessary, then we
argue that the two conditions together are sufficient. The necessity of condition (i) is obvious.
Consider condition (ii). For A to be an optimal agreement for some ¢ there must be a value of
¢ such that, for any agreement A’ such that m’ < m,

Q(4) — Q4

m—m'

>c (8.1)

and for any agreement A” such that m” > m,

A -9 <. (52)
m'" —m
and consequently that A R
Q(A") — Q(A) < Q(A) — QA
m'’ —m - m—m/

which can be rewritten as (3.1). Differently put, if (3.1) were violated, there would not be a
value of ¢ such that A simultaneously dominates A’ and A”, contradicting the optimality of A.

To see the sufficiency part, suppose that A s optimal in its complexity class and condition
(3.1) holds for all agreements A’, A” € A, such that m’ < m < m”. Then there must be a
value of ¢ such that (8.1) holds for all agreements such that m’ < m, and (8.2) holds for all
agreements such that m < m”. B

Proof of Proposition 1

To establish this, we argue that an agreement that constrains only S cannot achieve higher
gross global welfare than at the Nash equilibrium, for any state of the world. Recalling that
TE(S) is the best-response level of T' given S, the maximal gross global welfare that can be
achieved by this type of agreement is given by the value of W% (TF(S), S) evaluated at the
optimal level of S,* with the optimal level of S defined in turn by the associated first-order
condition dW¢/dS = 0 = TE(S) = —W§ /W, where subscripts denote derivatives. This
first-order condition requires that the slope of T%#(S) be equated with the slope of an iso-W¢
curve in (T, S) space. It is direct to verify that the slope of T#(S) is

A

: : L W&  Ws+Ws .
The slope of an iso-W¢ curve in general is given by —2 = == However, since at the

wg T WrWie
Nash equilibrium Wy = Wy = 0, the slope of the iso-W¢ curve at the Nash equilibrium point

40Gince we are focusing on a given state of the world, we do not have to make the state of the world explicit
in the notation.
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Therefore, the slope of the iso-W¢ curve at the Nash point is equal to the slope of the T7(.9)
curve, and as a consequence, the level of S that maximizes W (T#(S),S) is the Nash equi-
librium level SVE. We may conclude, then, that an agreement that constrains only S cannot

achieve greater surplus than W& (TH(SNF), SNE) which is just the Nash equilibrium surplus
WG<TNE,SNE). [}

Proof of Proposition 7

An agreement that is optimal in the class under consideration (i.e., in the class Ay U A7)
and includes rigid strong bindings (RSBs) must be one of the following: (a) the best {T = T’}
agreement; (b) the best {T' = T;S = S} agreement; and (c) the best {NT;7 = 7;5 = 5}
agreement. As a first step we show that, for each of these agreements, if we replace RSBs with
rigid weak bindings (RWBs), efficiency is weakly increased.

The arguments made in this proof are valid whether uncertainty concerns v or « or both,
so we will generically refer to the “state” to indicate the realization of the uncertain vector.

Let us start with case (a). Consider replacing {T = T} with {T" < T}. This can decrease
efficiency only if in some state the government chooses T' < T and this implies lower global
welfare than 7' = T. But T will only be set below T if the Nash import tax T™V? < T, in which
case the importing country will set 7' = TV¥. Let us show that Q decreases in 7" in the range
(TNE T). Recalling that the subsidy is set as S = SF(T'), we need to evaluate the derivative

diTQ(T, SH(T)) = Wr (T, S*(T)) + diTW*(T, SH(T))

where we have used the envelope theorem to set LW (T, S*(T)) = Wr(T,S*(T)). Clearly
Wr < 0for T > TN, Also, the sign of LW*(T', S®(T)) is the same as the sign of -=p* (T, S*(T')).
It is direct to verify that this derivative is negative, which in turn implies -=Q(T, S%(T)) < 0
for T > TNE. We can conclude that switching to a weak binding cannot decrease ).

Next consider case (b), and consider replacing {T' = T; S = S} with {T' < T;S < S}. For a
given state, there are four relevant possibilities for how the importing country sets (7',.S) under
an agreement {7 < T3S < S}:

(i) the importing country chooses (T'= T,S = S): In this case there is of course no change in
Q relative to {T7; S}.

(ii) the importing country chooses (T =T, S = SE(T)): Here it must be that S > SE(T). Let
us evaluate Qg = Ws + W5.Clearly, Wg < 0 for S > S%(T), and W} < 0, hence Qg < 0 in this
region, which in turn implies that switching to weak bindings increases (2.

(iii) the importing country chooses (T = T#(S), S = S): Here it holds that T' > T#(S). Let us
evaluate Qp = Wr + W2. Since Wy < 0 for T > TE(S), and W3 < 0, it follows that Q7 < 0 in
this region, which ensures that switching to weak bindings increases ).

(iv) the importing country chooses (T = TV¥ S = SNF): The same result can be shown by
combining the arguments we just made for cases (ii) and (iii).
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Consequently, a switch from {T' =T3S = S} to {T' < T;S < S} cannot decrease ).
Finally, consider case (c). Since the NT agreement fixes the wedge ¢ — p* and leaves the
wedge p — p* discretionary, it is convenient to re-define variables as follows:

p—p" = =z
qg—p° = v

We can think of z and v as the policy instruments and of the NT agreement as imposing a
constraint v = v. Also, it is useful to rewrite the world price as a function of v and z as

1
x * . )\
P= (a+a* — Bz — )
and the reaction function for 2z as

M+ \v
R(\
v} =1 B+ A+ N\

Let us now replace the agreement {NT;7 = 7;s5 = §} with {NT,7 < 7,5 < §}. In the new
notation, this means replacing the constraint v = v with the constraint v < v. We can apply
a similar argument as for case (a): it suffices to show that, for any given state, Q(v, 2% (v)) is
decreasing in v for v > vV¥. Thus we need to study the derivative

(0,2 (w) = Wilo, 2P(0)) + W (0, 2(0))
Clearly, W, < 0 for v > vV¥. Also, LW*(v, 2f(v)) has the same sign as £p*(v, z(v)). It can
be verified that

d , R A
P (v, 27(v)) = BN <
This implies that switching to weak bindings cannot decrease (2.

We have shown that replacing RSBs with RWBs cannot decrease the expected surplus. It
remains to show that there is some configuration of parameters for which replacing RSBs with
RWBES increases () strictly. Applying the arguments developed above, we know that a sufficient
condition for this to happen is that the noncooperative level of a policy is below the ceiling for
that policy. It is easy to show that there exists a configuration of parameters for which this is

the case. B

0
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