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(MFN) clause has long been suspected of creating a free rider problem in
multilateral trade negotiations. To address this issue, we model multilateral negotiations as a mechanism
design problem with voluntary participation. We show that an optimal mechanism induces only the largest
exporters to participate in negotiations over any product, thus providing a rationalization for the Principal
supplier rule. We also show that, through this channel, equilibrium tariffs vary according to the Herfindahl–
Hirschman index of export shares: higher concentration in a sector reduces free riding and thus causes a
lower tariff. Estimation of our model using sector-level tariff data for the U.S. provides strong support for this
relationship.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction

The Most-Favored Nation (MFN) clause has been a central element
of international trade agreements for over a hundred years1 and is
widely acknowledged as one of the “pillars” of the GATT/WTO system.
Found in almost all WTO agreements, the MFN clause requires that
eachmember give equal treatment to the same goods or services of all
other members in the application of its trade policy. In practice, MFN
implies that every time a country lowers a trade barrier or opens up a
market, it must do so for the same goods or services from all its WTO
trading partners. Despite the prominence of MFN, its actual effect on
the progress of trade liberalization within the multilateral system
remains largely unknown.

A spate of recent theoretical literature has pointed to several
potential benefits of the MFN clause, deriving mainly from its
ability to curb opportunistic behavior by governments that might
otherwise undermine trade agreements.2 This paper does not
address these arguments; rather, we focus on the most notable and
long-standing concern about MFN, which is that it opens the
rian Copeland, Peter Debaere,
n earlier drafts, and we thank
olumbia, University of Oregon,
town, Stanford, Università di
nk, the 2005 NBER Summer
n Rotterdam, the 2005 EIIT
onference.

dema),

of MFN.
a and Cebi (2005), Bagwell and
), Saggi (2004); see Horn and

l rights reserved.

da, A.M., Do countries free rid
possibility of countries “free riding” on the trade negotiations of
others.3 This concern stems from the fact that whenever a few
WTO members mutually exchange trade-barrier reductions, they
must extend those reductions to all other WTO members under
MFN, even if the latter do not reciprocate. To the extent that non-
reciprocating countries benefit from improved market access to
liberalizing countries (the so-called MFN externality), two related
incentive problems emerge: countries may avoid participating in
negotiations in hopes of free riding on the liberalization of others;
and countries that do enter negotiations may reach inefficient
agreements, as they do not fully internalize the benefits of their
liberalization.

This paper aims to provide an empirical assessment of the MFN
free rider problem based on theory. We are interested in how MFN
shapes countries' participation decisions4 and ultimately their
tariffs. Unfortunately, there are no data on participation decisions
at the relevant level of specificity. Thus, we develop a theoretical
model, which allows us to identify the MFN-free-rider component
of a country's tariff schedule based solely on observable data from
the market for each product. In the process, we derive several
theoretical results that are of independent interest.
3 Viner (1924) cites John Jay, who in a 1787 report to Congress concerning the U.S.-
Netherlands Treaty of 1782, expressed the U.S. position on MFN: “it would certainly be
inconsistent with the most obvious principles of justice and fair construction, that
because France purchases, at a great price, a privilege of the United States, that
therefore the Dutch shall immediately insist, not on having the like privileges for the
like price, but without any price at all.” The U.S. would not fully embrace unconditional
MFN in trade treaties until 1923.

4 Participation decisions refer here to the choices of existing WTO members to
participate or not in periodic negotiations for the reduction of trade barriers on specific
products. It does not refer to the much larger decision of whether or not to join the
WTO.
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We consider a multi-country model with one importer and
several exporters of a given product. We assume each country is free
to participate or not in negotiations aimed at cutting the importer's
MFN tariff. We assume that any resulting agreement is Pareto
efficient for participants (i.e., for the importer and participating
exporters) but also benefits non-participating exporters via the MFN
externality. Given these assumptions, we show that it is impossible
to design a system of trade negotiations in which all countries
participate, unless exporter concentration, as measured by the
Herfindahl–Hirshman index (sum of squared export shares) is
sufficiently high. The reason this index matters is that each
exporting country's willingness to participate in negotiations is
approximately proportional to its squared market share, reflecting
the product of two effects: the effect that the exporter's participa-
tion has on the size of the negotiated tariff cut and the effect that
the tariff cut has on the exporter's welfare.

Our second theoretical finding is that any system of trade
negotiations that maximizes world welfare subject to the above
assumptions induces the participation of only the largest exporters of
the product. This prediction accords with both anecdotal evidence on
free riding found in earlier work and with a WTO negotiating
convention, known as the “principal supplier rule.” The principal
supplier rule is a key aspect of the item-by-item, request-and-offer
method that has been GATT's most common form of negotiation over
the years.5 It basically mandates that a country's tariff on each product
be negotiated with the exporters having a “principal supplying
interest” in the country's market for that product. Normally this is
taken tomean the largest exporter, or group of exporters, as measured
by market share.6 We show that such a rule is an optimal response to
the MFN free rider problem. In a situation where full participation is
not possible, it is beneficial to have the countries that do participate be
principal suppliers as this minimizes the MFN externality, thereby
producing the lowest negotiated tariffs.

Finally, our model predicts that the level of the importer's tariff
resulting from negotiations should be negatively related to the
Herfindahl–Hirshman index (HHI) on a product-by-product basis.
This is the finding we take to the data. We derive an estimating
equation from our model, suitable for explaining tariffs across
sectors. Using US MFN tariff rates for both 1983 (following the
Tokyo Round) and 1989–1999 (during and after the Uruguay
Round), we find strong evidence of this negative relationship,
controlling for the other determinants of MFN tariff rates suggested
by the theoretical model (domestic political-economy determinants
and the export market share of FTA partners). Endogeneity is
addressed by adding controls, using instrumental variables, estimat-
ing the effect of the HHI on nontariff barriers in addition to tariffs,
and by examining tariff differences between rounds.
5 In the Uruguay round, the US used the item-by-item approach. On the other hand,
the Kennedy and Tokyo Rounds were characterized by a formula approach, whereby
each country cuts tariffs across-the-board according to a certain formula agreed to at
the outset. In fact, however, countries deviated considerably from the formula cuts on
an item-by-item basis, and many countries ignored the formula entirely (Hoda, 2001,
pp. 30–32). Negotiations over these deviations took place on an item-by-item basis
between principal suppliers. According to Hoda (2001, p. 47), “Thus a linear or formula
approach did not obviate the need for bilateral negotiations: they only gave the
participants an additional tool to employ in the bargaining process.”

6 The original guideline of the Preparatory Committee (1946) was that products
should be negotiable only if the participants, individually or as a group, supply a
“principal part of the total imports of a particular product to a particular member
country” (p.6). This is clarified in Article XXVIII: when a country wishes to modify or
withdraw a concession previously granted, it must negotiate compensation with, 1)
those countries with which the concession was originally negotiated, and 2) those
countries with a principal supplying interest, defined as having market share larger
than any country in category 1) or as otherwise determined by the Ministerial
Conference (Hoda, 2001, p. 14). Thus, Article XXVIII implies that the country granting
the original concession becomes liable to compensate principal suppliers for
modifications or withdraw.
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2. Approaches to the MFN free-rider problem

The logic of the MFN free rider problem rests on two premises.
First, there must be free riders – countries that do not fully participate
in negotiations. Second, there must be an MFN externality. That is, the
MFN tariff reductions of the participants must improve the terms of
trade of the free riders. Early theoretical models of the MFN free rider
problem, such as Johnson (1965) and Caplin and Krishna (1988),
assumed both of these to be true and established that the resulting
tariffs negotiated by participants would indeed be inefficiently high.

Several papers have called into question these premises.Viner
(1931), for example, noted that countries often try to minimize the
MFN externality by defining products so narrowly as to make MFN
nonbinding.7 In the extreme, if products are defined in such away that
no product is imported from more than one country, then the MFN
externality cannot exist. More recently, Bagwell and Staiger (2002,
Ch.5) have argued that the MFN externality can be suppressed if
participants adhere to the principle of reciprocity, defined as mutual
changes in trade policy such that, for each participant, changes in
import and export volumes are equal at original world relative prices.
They show that such trade policy changes have the effect of holding
constant world relative prices, and thus free riders do not ultimately
benefit from the trade policy changes negotiated by participants.
Finally, Ludema (1991) showed that countries may not actually free
ride, even if the MFN externality exists. He put forth a model of
multilateral bargaining, in which countries have the option of free
riding but choose not to do so in equilibrium. This occurs because free
riding by one country triggers a temporary breakdown in negotiations,
which amounts to an effective punishment of free riders. Thus, in this
model, the structure of the multilateral negotiations causes the MFN
externality to be internalized.8

Whether or not these means of curtailing the MFN free rider
problem are entirely effective in practice is an open question. Prima
facie evidence suggests they may not be. In practice, manipulation of
product classification is limited under the harmonized classification
system, and we know from the data that most imported products into
theU.S. are supplied bymore than one country at the tariff line level. As
for reciprocity, little is known about how strictly countries adhere to
this rule in trade negotiations. Although Preeg (1970) contends that
negotiators in the Kennedy Round tried to balance expected changes in
imports and exports, Finger et al. (2002) find evidence to the contrary
in the Uruguay Round.9 In general the implementation of reciprocity
requires a great deal of information as well as a complete set of trade
policy instruments, i.e., both import tariffs and export taxes, positive
and negative (see Bagwell and Staiger, 2002, Appendix B). Yet import
subsidies and export taxes are rare in practice, and export subsidies are
banned under the GATT.

Finally, there is ample evidence that not all countries participate in
trade negotiations on all goods, even during multilateral negotiating
7 The oft-cited example is the German-Swiss treaty of 1904 in which tariffs were
reduced on “large dapple mountain cattle or brown cattle reared at a spot at least 300
metres above sea level and having at least one month's grazing each year at a spot at
least 800 metres above sea level” (Viner, 1931 p. 101, as quoted in Caplin and Krishna,
1988, p269).

8 Recent theoretical literature on the effect of MFN on multi-country bargaining has
focused on sequential bilateral bargaining (Bagwell and Staiger, 2004; Bond, Ching, and
Lai, 2003) and asymmetric information (McCalman, 2002; Ludema and Cebi, 2001). In
each case, the MFN externality continues to exert an effect, though not always in the
form of free riding.

9 None of the Uruguay Round negotiating delegations they surveyed attempted to
calculate concessions received from other countries, and calculations by the authors
suggested large imbalances between tariff concessions given and received. By contrast,
Karacaovali and Limao (2008) find that in the Uruguay Round, the EU did make deeper
tariff cuts on those products whose principal suppliers made larger tariff cuts on EU
exports. However, both of these studies compare trade-weighted averages of tariff cuts
given and received, rather than changes in trade volumes, so they do not accurately
test of whether reciprocity in the sense of Bagwell and Staiger (2002) was achieved.
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rounds,10 in contrast to Ludema (1991). Finger (1979) provides
evidence that participation affected US tariff concessions in the first
six GATT rounds (1947-1967). He found that the share of imports
originating in participating countries of goods on which the US
granted tariff cuts was consistently larger than those countries' share
in total US imports. His interpretation is that the US selected goods for
tariff cuts so as to internalize the benefits to the participants.
Examining a cross-section of U.S. pre-Tokyo tariffs, Lavergne (1983)
finds higher tariffs on goods exported predominantly by LDCs,
controlling for various domestic political factors. He offers an MFN
interpretation of this finding as well. A limitation of these studies is
that they do not consider the possibility of selective participation, i.e.,
participating in negotiations on some items but not others,11 or that
such decisions might be endogenous.

All of this provides motivation for a careful, model-based empirical
investigation of theMFN free rider problem. It also suggests an approach
to the problem, which is to ask what theMFN free rider problem should
look like in aworldwhere narrowproduct classification, reciprocity, and
free rider punishments do not constrain it. Ourmodel provides a simple
answer: the extent of free riding is determined by the degree of exporter
concentration in the home import market. Of course, this relationship
may be quite hard to identify in the data, if these factors actually do
constrain. The fact that we find robust empirical evidence consistent
with our prediction, therefore, we take as strong evidence that theMFN
free rider problem persists.

3. The model

There areN +1 countries, indexedby i = 0,…, N, and two goods, X and
Y, produced under constant returns to scale and perfect competition.
Good Y is the numeraire and employs only labor, while X employs both
labor and a sector-specific factor K, according to the production function
X=g(K, L). Preferences are identical across countries, according to the
quasi-linear per capita utility function, U= cY + u(cX), where u′ > 0, u″ < 0.
The endowments of country i are given by Ki and Li, and let ki ≡ Ki/Li.We
assume endowments are such that country 0 is the importer of good X
and the other N countries are exporters.

Each government seeks to maximize a weighted social welfare
function, with weight λ reflecting the greater importance of specific-
factor owners in its domestic political process. As Baldwin (1987)
notes, this is consistent with a wide range of political economy
models. Letting S denote per capita consumer surplus, π the return to
the specific factor, and M net imports, the government welfare
functions are given by,

w0 = L0 1 + S pð Þ + 1 + λ0ð Þπ pð Þk0½ � + p−pT
� �

M0 pð Þ ð1Þ

wi = Li 1 + S p4
� �

+ 1 + λið Þπ p4
� �

ki
� �

for i = 1; :::;N ð2Þ
The domestic and foreign prices are p and p⁎, respectively.
10 Horn and Mavroidis (2000) note that “...In the WTO, negotiations for the most part
take place between subsets of Member countries. Sometimes this is ‘officially
sanctioned,’ as in the case of Principal Supplier negotiations. But also in seemingly
multilateral negotiations, the ‘actual’ negotiations occur between a very limited
number of countries...” (Horn and Mavroidis, 2001, p. 34).
11 Finger (1979) and others use the term participant to refer to a country that engages
in negotiations on any item, implying that only countries that do not negotiate at all
can be regarded as free riders. We take an item-by-item view of participation,
consistent with the item-by-item approach. A participant refers to the importer
making a concession on a particular good and the exporters that offer compensation
for that concession (usually principal suppliers of the good to that importer). While the
country-level participation view is empirically straightforward – participants can be
identified ex post by looking at which countries submitted schedules of final bound
tariffs – it potentially misses a lot of the action at the micro level, and it is completely
unhelpful for examining the Uruguay Round, because all countries participated as a
condition for joining the WTO (by the so-called Single Undertaking rule). The empirical
challenge for us is that detailed information about who negotiated what with whom,
and on what terms, is not publicly available at this time, which is why we need a
theory to link market characteristics to expected free riding on each product.
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Although not essential for our results, it is convenient for exposition
to impose a degree of symmetry on the exporters. Let ki=k⁎ and λi=λ⁎
for all i=1,…, N. This enables us to write Eq. (2) as wi=θiw⁎, where
wT =ΣN

j = 1wj and θi = Li=Σ
N
j = 1Lj.We refer to θi as the exportmarket share

of exporter i, as it equals i's share of world exports of product X to the
importing country. Thus, an exporter's welfare is proportional to its
market share and market shares are independent of world price.12

Henceforth, we index the exporters in descending order of market
share.

The importer imposes an ad valorem tariff on good X. All countries
are assumed to be members of the WTO and are therefore entitled to
MFN treatment. Thus, the importer must charge a single, uniform
tariff on all imports of X, regardless of the source.13 To compensate the
importer for reductions in its tariff, the exporters must offer
concessions in exchange. We allow these concessions to take the
form of transfers of good Y. The assumption that exporters use
transfers, as opposed to reciprocal tariff reductions on other goods,
simplifies the analysis in two ways. First, it allows us to abstract from
the efficiency consequences of the exporters' policies, which is
convenient but not essential for our results. Second, it implies a
positive MFN externality from any agreement involving tariff reduc-
tions on X. The presence of an MFN externality is key.

To determine the tariff and transfers, we need a model of
multilateral trade negotiations. One approach is to construct a
bargaining game, which attempts to embody the multitude of rules
found in actual WTO negotiations; however, this would be a
monumental task, not mention a risky one, considering the sensitivity
to specification displayed in the bargaining literature. The approach
we take here is based on mechanism design theory. The mechanism
has a general form, specifying an action space ∑i for each country i and
functions τ(·) and t(·) mapping each action profile σ∈∑1×…×∑n into
a tariff τ, measured as one plus the ad valorem tariff rate, and a
transfer profile t=(t1,t2,…tN), respectively. A mechanism is said to
implement the outcome τ̃; t̃

� � 2 <N + 1 if there exists a Nash
equilibrium σ such that τ(σ)= τ̃ and t(σ)= t̃.

With no restrictions on the set of mechanisms, the WTO could
always implement a fully efficient outcome by simply choosing τ(·) to
equal the worldwide efficient tariff for all action profiles. However, we
shall restrict attention to mechanisms satisfying the following two
conditions:

(V) Voluntary Participation: each country may withdraw from
negotiations. If exporter i withdraws, then ti=0, regardless of the
others' actions, while if the importer withdraws, then ti=0 for all i and
τ is set at its unilaterally optimal level τ̄.

(P) Pareto Efficiency for Participants: for all σ, τ(σ) maximizes the
joint welfare of all countries that do not withdraw.

The first assumption is that no country can be forced from its status
quo. The exporters cannot be forced tomake positive transfers, and the
importer cannot be forced to reduce its tariff. This assumption can be
justified by appealing to national sovereignty. The second assumption
is that participants will always negotiate an efficient outcome for
themselves. Importantly, this means that the participants cannot be
made to take part in any scheme to punish free riders with an
inefficient (for participants) tariff. One possible justification for this
might be renegotiation: if participants were permitted to renegotiate
12 Without the symmetry assumptions, it would still be the case that the change in an
exporter's welfare is proportional to θi, i.e., wi′=θiw⁎′, which is the important point.
However, θi would differ from simple market share, becoming θi≡ (−Mi+λiXi)/∑j∈N

(−Mj+λjXj), and would vary with the world price. None of our theoretical results would
change, as long as the price elasticity of θi is not too large. In our empirical work, we
use simple market shares as a proxy for θi, since we lack data on the political weights
of the exporting countries. Thus, there is ultimately no benefit to using the more
general, more complicated, specification.
13 At this point, we abstract from preferential trade agreements as permitted under
Article XXIV. These are dealt with in section IIIE.
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the tariff-transfer package after the fact, then no inefficient agreement
would survive. In light of these restrictions, we can reduce the action
space to two actions, withdraw and not withdraw (i.e., participate),
without loss of generality.14

3.1. The negotiated tariff

In this section, we solve for the tariff that is Pareto efficient for any
set of participants, including the importing country. We refer to this
as the negotiated tariff. Let N refer to the set of all exporting countries
(as well as number of countries in N), and consider the set A ⊆N.
Assuming the importing country and all members of A participate, we
can find the negotiated tariff by maximizing w0(τ)+∑i∈Awi(τ) with
respect to τ. The first-order condition is,

w′0 + ∑
i2A

w′i = 0: ð3Þ

Differentiating Eqs. (1) and (2) gives,

w′0 = λ0X0 + p−pT
� �dM0

dp

� �
dp
dτ

−M0
dpT

dτ
ð4Þ

∑
i2A

w′i =ΘA M0 + λ
TXT

� 	 dpT
dτ

ð5Þ

where X⁎≡∑i∈NXi is aggregate exporter output, and ΘA≡∑i∈Aθi is the
cumulative market share of participating exporters. World market
clearing implies, −μ dp

p = nT dp4
p4 , where μ and ξ⁎ are the elasticities of

import demand and total export supply, respectively. Combining this
relationship with Eqs. (3)–(5) produces an expression for the
negotiated tariff,

τn Að Þ =
1 + 1−ΘA 1 + λT XT

M0

� 	h i
1
nT

1− λ0
μ

X0
M0

� 	 : ð6Þ

This tariff reaches a maximum at ΘA=0, which is the unilaterally
optimal tariff,

τuτn Fð Þ = 1 +
1
n4


 �
= 1−

λ0

μ
X0

M0


 �
; ð7Þ

and a minimum at ΘA=1, the world efficient tariff,

τwuτn Nð Þ = 1−
λT

nT
XT

M0

 !
= 1−

λ0

μ
X0

M0


 �
: ð8Þ

The negotiated tariff declines as countries are added to the set of
participants. This is confirmed by noting that the addition of a country
to A increases ΘA, and by total differentiation of Eq. (3), dτn/dΘA=w⁎′/
(w0″+∑i∈Awi″)<0. This is driven by the terms-of-trade effect of the
tariff. The more the terms-of-trade cost of the tariff falls on the
participating exporters, as opposed to free riders, the more the total
welfare cost of the tariff is internalized in the tariff setting exercise. As
the cost to any exporter is proportional to its market share, the share
14 An example of a class of games satisfying V and P are the voluntary participation
games of Palfrey and Rosenthal (1984), Saijo and Yamato (1999) and Dixit and Olson
(2000), used to analyze public goods provision. They posit a two-stage process, where,
in the first stage, agents decide non-cooperatively whether or not to participate.
Participants are assumed to share the cost of providing the public good, according to
some exogenous sharing rule, while non-participants pay nothing (V). In the second
stage, participants engage in efficient bargaining over the level of the public good (P). It
can be shown that any outcome that is implementable under V and P is an equilibrium
of a voluntary participation game for some sharing rule.
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of the total cost that falls on participating exporters is ΘA. Thus, the
larger the cumulative market share of participating exporters the less
beneficial is a tariff to the participant group and the smaller is the
negotiated tariff.

Finally, Eq. (6) can be seen as a generalization of several familiar
results in the literature. For example, if there were no domestic
political pressure (λ0=λ⁎=0), Eq. (7) would just be the standard
optimum tariff for a large open economy, while Eq.(8) would equal 1
(free trade). If we were to let, λ0 = IL−αL

a + αL
, interpreting IL as an indicator

of the political organization of the sector-specific factor, αL as the
fraction of voters represented by a lobby, and a as the government's
preference for social welfare relative to lobby contributions, then Eqs.
(7) and (8) would correspond to the “trade war” and “trade talks”
equilibria, respectively, of Grossman and Helpman (1995).

3.2. Voluntary participation

Having found the negotiated tariff for anygiven set of participants,we
consider next the question of which countries choose to participate.
SupposeA is an equilibrium set of participating exporters. For country i to
beamemberof this set, thenet benefit it receives fromparticipationmust
exceed the payoff it would receive bywithdrawing, given the behavior of
all other countries. This means that the transfer i pays must satisfy,

ti � wi τn Að Þð Þ−wi τn A∖ið Þð Þ: ð9Þ

The right-hand side of Eq.(9) is the loss in gross welfare exporter i
would experience by withdrawing from A. This loss is due to an increase
in the negotiated tariff from τn (A) to τn (A \i) resulting from i's withdrawal.
We can think of the right-hand side of Eq. (9) as the amount exporter i
would be willing to pay to participate.

The right-hand side of Eq. (9) can be approximated by its differential
θi2ω(A), whereω(A)=−(w⁎′)2/(w0″+∑i∈Awi″)>0 evaluated at τn(A). That is,
an exporter's willingness to pay is roughly proportional to its squared
market share. This is becauseacountry'swelfare loss fromasmall increase
in the tariff is proportional to its market share, and so is its impact on the
negotiated tariff. The approximation is more accurate the smaller is θi.

To ensure the participation of the importing country, the sum total
of the transfers must be large enough for the importer to forgo its
optimal tariff:

w0 τn Að Þð Þ + ∑
i2A

ti � w0 τð Þ; ð10Þ

Combining Eqs. (9) and (10), it follows that there exists a profile of
transfers that supportsA as anequilibriumsetof participants, if andonly if,

X Að Þu ∑
i2A

wi τn Að Þð Þ−wi τn A∖ið Þð Þ− w0 τð Þ−w0 τn Að Þð Þ½ � � 0: ð11Þ

The function Ω(A) measures the difference between the total
willingness to pay of the participating exporters and the opportunity
cost to the importing country of imposing the negotiated tariff instead
of its optimal tariff. It follows that a tariff τ can be implemented if and
only if τ=τn(A) and Ω(A)≥0 for some A⊂N.

There are two questions about implementation we can answer
immediately. First, is it possible to implement a tariff less than τ̄? That
is, can the WTO induce at least some participation? The answer is, yes,
as can be seen by noting that for any single exporter i, Ω(i)=wi(τn(i))+
w0(τn(i))−(wi(τ̄)+w0(τ̄)). As τn(i) maximizes wi+w0 by definition, it
must be that Ω(i)≥0. As this is true for any exporter, including the
largest one, we conclude that the minimum implementable tariff is at
least as low as the negotiated tariff for the set composed of the importer
and the largest exporter.

Second, is it possible to implement the world efficient tariff τw?
That is, can the WTO induce full participation? We can answer this
question with reference to the HHI of exporter concentration, defined
as H≡∑i∈Nθi

2.
de on MFN? Journal of International Economics (2009), doi:10.1016/j.
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16 Note that our principle supplier result does not depend on fixed costs of
participation. Indeed, the inclusion of fixed costs in our model is neither necessary nor
sufficient to generate the principal supplier rule and would require a number of
additional, ad hoc assumptions. See Ludema and Mayda (2008a) for further discussion
of this point.
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Proposition 1. τw can be implemented if the Herfindahl–Hirschman
index of exporter concentration (H) is sufficiently high and cannot be
implemented if H is too low. Proof in Appendix A.

Full participation can occur only when the total willingness to pay
of all exporters exceeds the importing country's opportunity cost. As
each exporter's willingness to pay is related to its squared market
share, total willingness to pay depends on H. Note that H can take on
values anywhere from 1 (the largest exporter controls the entire
market) to 1/N (each exporter has equal market share), and with large
N, it can be close to zero. If H=1, we have already seen that
participation of the largest exporter is an equilibrium, so τw can be
implemented. If H is close to zero, total willingness to pay is near zero,
and thus τw cannot be implemented.

3.3. Optimal mechanisms and the principal supplier rule

While implementability alone may narrow the set of possible
outcomes frommultilateral negotiations, it does not produce a unique
prediction. For this we need to be more specific about what the
negotiations are designed to achieve. Suppose the WTO's objective is
to maximize the joint welfare of its members, subject to V and P, or
equivalently to minimize τn(A), subject to Ω(A)≥0. We know from
Proposition 1 that full participation (A=N) solves this problem, if H is
sufficiently high. Otherwise, the problem ismore difficult: because the
domain is discrete, it is a potentially intractable nonlinear integer
programming problem. In this section, we show that this problem can
be simplified considerably, with minimal loss of generality, by
restricting attention to sets of participants obeying the principal
supplier rule, defined as follows:

Definition. A set of participants A obeys the principal supplier rule
(PSR), if and only if there exists a critical exporter x∈A such that θi≥θx
for all i∈A, and θi≤θx for all i∉A.

In other words, under the principal supplier rule, only the
exporters above a certain size participate. As each PSR set is defined
by a critical exporter x, we can then define functions Θ(x), τn(x) and
Ω(x) accordingly,15 noting that Θ(x) is monotonically increasing in x,
while τn(x) is monotonically decreasing.

The virtue of the principal supplier rule can be seen by comparing
any non-PSR set A with a PSR set that is equivalent in the sense that
Θ(x)=ΘA. Because they have the same cumulative market share,
these two sets produce the same negotiated tariff. However, it can be
shown that Ω(x)≥Ω(A), meaning the PSR set must satisfy voluntary
participation if A does (and may do so even if A does not). This is
established formally in the proof, but the intuition is that total
willingness to pay is an increasing function of the sum of the squared
market shares of participants. For any given cumulative market share,
the sum of the squared market shares is maximized by choosing the
largest exporters. That is, a small group of large exporters has a greater
total willingness to pay than a large group of small exporters (even
though they have the same cumulative market share). What if A has
no equivalent PSR set? In that case, we can always find a PSR set x such
that Θ(x)<ΘA<Θ(x+1) and Ω(x)≥Ω(A). Thus, there is at most a small
loss of generality from focusing exclusively on PSR sets.

To state it more formally, we will say a tariff τ is feasible under PSR,
if there exists x∈N such that τn (x)=τ, and a tariff τ is implementable
under PSR, if there exists x∈N such that τn (x)=τ and Ω(x)≥0. We can
now state a precise relationship between optimalmechanisms and the
principal supplier rule.

Proposition 2. Let τ̃ be the tariff implemented by the optimal mech-
anism, and let τ̂≡τn(x̂) be the smallest tariff implementable under PSR.
15 Specifically, Θ xð ÞuΣx
i = 1θi , τ

n(x)≡τn[Θ(x)], and X xð ÞuΣx
i = 1wi τn xð Þ½ �−wi τn Θ xð Þ−θið Þ½ �−

w0 τð Þ−w0 τn xð Þ½ �f g.
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If τ̃ is feasible under PSR, then τ̃=τn . Otherwise, τ̃ ∈(τn( x̂ +1),τ̂], and
τ̃→ τ̂ as θ x̂+1→0. Proof in Appendix A.

Proposition 2 states that the smallest tariff implementable under
PSR is either optimal or nearly so, and it establishes an upper bound on
the error. The smaller is the market share of the largest non-
participant the smaller the error. In the limit the error is zero.

There are three reasons to appreciate Proposition 2. First, it greatly
simplifies the search for optimal mechanisms. To find the largest x
satisfying Ω(x)≥0, one simply adds countries to the set of participants
in rank order until the constraint binds. To go the extramile of finding
τ̃, one need only search for sets with negotiated tariffs between τn ( x̂)
and τn (x̂ +1) and check if they satisfy Ω≥0. Second, as we shall see in
the next section, the simplicity afforded by focusing on PSR sets allows
us to obtain comparative statics on τ̂. Proposition 2 tells us that
results concerning τ̂ should carry over to τ̃ with only a small amount
of potential error. We rely on this fact for our empirical estimation.
Finally, as a theoretical result on its own, the optimality (or near-
optimality) of PSR sets helps to rationalize the principal supplier rule
itself. A protocol under which negotiations take place on a given
product only if the principal suppliers participate is actually part of an
optimal response to the MFN free rider problem.16

3.4. The effect of exporter concentration with many exporters

In this section, we explore the relationship between the optimal
mechanism and the underlying distribution of market shares. To
facilitate this, we assume a large number of exporters, each with
relatively small market share, and in view of Proposition 2, we restrict
attention to mechanisms satisfying the principal supplier rule. With
small market shares, we canwrite the total willingness to pay by a PSR
set of countries defined by x as h(x)ω(x), where h xð Þ =Σx

i = 1θ
2
i is the

HHI of participants.
An outcome (x, τ) satisfying conditionsV, P and PSR solves the system,

w′0 τð Þ +Θ xð ÞwT′ τð Þ = 0 ð12Þ

h xð Þω xð Þ � w0−w0 τð Þ ð13Þ

This is illustrated in Fig. 1. The curve P shows the negotiated tariff
for each x, as determined by Eq. (12). The shaded area above and
including V shows all values of x and τ satisfying Eq. (13). Every
outcome on the arc OU can be implemented. The optimal mechanism
implements point O, which is the outcome with the lowest tariff.17

Other things equal, an increase in the HHI of participants relaxes
the voluntary participation constraint and lowers the negotiated
tariff. This is because the participants' total willingness to pay (LHS
of Eq. (13)) is proportional to h(x). The empirical usefulness of this
observation is limited, however, because we are not able to measure
h(x), without knowing the critical exporter x. This is endogenous and
usually unobservable (to the econometrician). To get around this
problem,we impose some structure on the distribution ofmarket shares
that will enable us to establish a connection between the HHI of
participants h(x) and the HHI of the whole market H. It turns out that if
twodistributions ofmarket shares canbe ranked according tofirst-order
stochastic dominance (FSD), there is a tight connection indeed.
17 If Eq. (13) holds with equality, the importer's payoff is w0(τ̄), which represents no
gain relative to the status quo. Each free rider gains by θi[w⁎(τ̂ )−w⁎(τ̄)], i∉A, from
improved market access. Each participating exporter gains by θi[w⁎(τn(x̂− i))−w⁎(τ̄)],
i∉A. Relative to market share, this is less than the gain to free riders, because
participants must compensate the importer for its terms of trade loss.
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Fig. 1. All points along OU can be implemented. Point O is optimal.
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Proposition 3. Consider any twomarket share distributions such that
Θ0 xð Þ < Θ1 xð Þ for all x. If both distributions admit interior solutions,
then the equilibrium market share of participants is higher, and the
tariff lower, under Θ1(x) than under Θ0(x). Moreover, H0<H1, i.e., the
overall market Herfindahl–Hirschman index is higher under Θ1(x)
than under Θ0(x). Proof in Appendix A.

Thus, FSD is sufficient to ensure a negative, monotonic relationship
between the overall HHI and the equilibrium negotiated tariff. This
proposition is illustrated in Fig. 2. The P schedule shifts to the left,
because under the new distribution, the cumulative market share is
higher for all x, and thus the negotiated tariff is lower for all x. The V
schedule shifts down because, for all x the HHI of participants is now
higher, meaning that the willingness-to-pay threshold for each τ is
reached for a smallerx. Theproof of theproposition shows that the shift in
V is greater than the shift in P, and thus the newequilibriumO′ is left of O.

3.5. Free trade agreements

Before moving ahead to the empirics, there is one extension of the
model that is necessary tomake it applicable to a real-world setting: we
need to account for preferential trade agreements. We do not consider
the endogenous formation of PTAs, because we believe such decisions
involve factorswell outside the scopeof this paper. For themost part, the
introduction of exogenous PTAs requires little change in our model
beyond reinterpretation. For example, if twoormore of the exporters are
members of a customs union (CU), we treat them as a single exporter,
and if an exporter is part of a CU with the importer, we treat the pair as
the importer. The interesting case is when the importer and an exporter
(henceforth, the “partner”) form a free trade area (FTA). In this case, the
partner's incentives differ from those of the other exporters: the partner
prefers a higher tariff to be imposed on the other exporters.

We assume that the partner does not participate directly in the
negotiations but allow for the possibility that the importer takes into
account the effect of its tariff on the partner.18 Also, to simplify,
suppose λ⁎=0. Thus, the objective of the importer is,

w0 +/wFTA = L0 1 + S pð Þ + 1 + λ0ð Þπ pð Þk0½ � + p−p4ð ÞER p4ð Þ
+/LFTA 1 + S pð Þ + π pð ÞkFTA½ �

where wFTA is the welfare of the partner, ϕ measures the importer's
concern for the partner, and ER denotes total exports of those
18 This might be justified by assuming the importer and FTA partner engage in
ongoing bilateral negotiations over non-trade policies, as in Limão (2007), so to
increases in the importer's external tariff are partially extracted by the importer
through negotiations, with ϕ reflecting the importer's bargaining share. This would
suggest that ϕ lies between 0 and 1. However, if the external tariff also affects the
threat point of the negotiations, as is assumed by Limão, then ϕ could in effect exceed
1. Empirical evidence presented in Limão (2006) is consistent with this.
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countries that are notmembers of the FTA. This gives rise to a modified
negotiated tariff of,

τn Að Þ =
1 + 1

nR
1−ΘARð Þ

1− 1
μ + nFTAΘFTA

λ0
X0
M0

− 1−/ð ÞΘFTA

� 	 ð14Þ

where ΘFTA refers to the partner's share of the total home imports, and
ΘAR refers to themarket share of non-FTA participants as a fraction of ER.
All of our previous results concerning the effects of concentration on the
tariff are unchanged; however, here they apply to the HHI of non-FTA
countries only. Moreover, note that the tariff is increasing in / and
decreasing in the partner's market share, for /<1.

4. Empirical strategy and results

In this section we empirically analyze the impact of MFN-related
free ridingonMFN tariff rates. Our analysis focuses on theUnited States
and is based on twomain data sets: the first one is a panel covering the
years from 1989 to 1999; the second data set only includes information
for the year 1983, but on a greater number of variables than the first
one. Both data sets includeMFN tariff rates, trade andproduction levels
by sector.

Here is our plan of attack. We beginwith a preliminary examination
of the data, which reveals evidence broadly consistent with the
predictions of the model: sector concentration, as measured by the
Herfindahl–Hirschman index of export market shares, is indeed
negatively and significantly correlated with U.S. MFN tariff rates in
every year forwhichwehavedata.However, these are onlycorrelations.
We next worry about identification issues, which we address using an
empirical specification that is closely related to the theoretical model
and that takes into account institutional details, such as the timing of
negotiations. Details of our specification will be provided later in this
section. For now we give an outline of our identification strategy and
timing of the analysis:

• We derive an estimating equation from the model to capture all of
the covariates stressed in the theory, most notably, the HHI,
domestic political-economy factors and the share of U.S. imports
coming from FTA partners. Additional controls are added to account
for non-GATT market share and foreign bargaining power.

• Using our panel, we examine the effect of 1993 covariates on average
appliedMFN tariffs from 1995 to 1999. The logic is that 1993was the
final andmost critical year of the Uruguay Round negotiations, while
1995 to 1999 was the implementation period for the resulting tariff
cuts. For our 1983 analysis this is not possible, since we only have
data for a single year.

• To account for domestic political economy factors in the 1990s
analysis, we include the inverse import penetration ratio and allow
Fig. 2. The effect of an increase in concentration, under FSD.
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23 Although the export share distributions in the data cannot be strictly ranked
according to FSD, most of the deviations from FSD we find are quite small. Our
empirical results do not change (if anything they are strengthened) when we exclude
outlying sectors, where an outlier is defined as a sector that is rejected by the Schmid-
Trede (1996) test of FSD at the 10% level (the test compares each sector with the sectors
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its coefficient to vary by industry.19 In the 1983 analysis, we go a step
further, using data on political organization and import elasticities
that has been widely used to test the “Protection for Sale” model.

• In the 1990s analysis, we instrument for the U.S. HHI using the
Canadian HHI and another instrument based on the gravity model.
In the 1983 analysis, we instrument for import penetration and
political organization.

• For 1983 we estimate the effect of our covariates on tariffs and non-
tariff barriers (NTBs). The logic is that tariffs and NTBs share many
common determinants but not the MFN free rider problem. Thus, if
the HHI negatively affects NTBs, as it does tariffs, it would call into
question whether HHI is really capturing the MFN free rider effect.
Estimating the model with NTBs allows us to test whether omitted
common determinants correlated with HHI are driving our tariff
results.

• We estimate all specifications in levels, because our theory is static.
However, we obtain similar results when considering differences
between rounds.

To apply the theoretical model to the data, we assume that the
tariff on each product j is the outcome of an independent negotiation.
This is true if the utility function is additively separable, implying
independence across negotiated tariffs, and countries make their
participation decisions on a product-by-product basis. A second
assumption is λ⁎=0, i.e., exporting governments care only about
welfare.20 Given that the U.S. has FTA partners during the sample
period, the relevant equation for the negotiated tariff is Eq. (14). This
equals 1 (free trade) if there is full participation, no domestic political
pressure and negligible FTA share. Taking a first-order Taylor
approximation of Eq. (14) around this point, and adding an error
term, we obtain the following estimating equation:

τj−1 =
1
n4j

1−ΘAR;j
� �

+
λj

μ j

Xj

Mj
−
1−/
μ j

ΘFTA;j + ej: ð15Þ

The variables we directly observe in the data are, τj−1, Xj /Mj, and
ΘFTA,j, which measure, respectively, the MFN tariff rate, the inverse
import-penetration ratio, and imports from FTA partners as a share of
total imports, in sector j. The 1983 dataset also contains estimates of
the elasticity of import demand21 μj and political variables related to
the parameter λj. We lack data on all other variables and thus treat
them as parameters to be estimated.22

To estimate the MFN free-rider effect, the key variable in Eq. (15) is
ΘAR,j, which measures U.S. imports from participants in GATT/WTO
negotiations with the U.S. over product j as a fraction of U.S. imports
from all countries that are entitled to MFN treatment and are not U.S.
FTA partners. Although we know the market share of each exporting
country, we do not observe which countries participate in the
negotiations over which good. Dealing with this problem was the
ultimate purpose of Propositions 1 and 3. They tell us that we should
focus on H, the HHI for the entire market. Proposition 1 says that ΘAR,j
19 Industries are defined at a higher level of aggregation (3-digit codes) than sectors
(4-digit codes). We use the terms sectors, products and goods interchangeably
throughout this section: they all refer to 4-digit codes.
20 While we assume away foreign political pressure to derive our main equation, we
address its potential effect later on in the 1983 NTB analysis.
21 Note that the import demand elasticity μj appears in Eq. (15) instead of the FTA-
augmented elasticity found in Eq. (14). This is because our approximation occurs
around the point of zero FTA share, where the two elasticities are the same.
22 Lacking data on export supply elasticities, we estimate a common coefficient on
the HHI across sectors. This is tantamount to assuming common export supply
elasticities across sectors, which is reasonable given that the U.S. probably has market
power in almost all sectors. Ludema and Mayda (2008b) use several proxies for the
inverse export supply elasticity at the sector level for more than 30 countries including
the United States and find results consistent with what we show here. Broda et al.
(2008) estimate export elasticities for non-WTO countries and find that they influence
tariffs in a way consistent with optimal tariff theory.
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<1 if H is low enough, and ΘAR,j=1 if it is high enough. Moreover, if the
conditions of Proposition 3 are met, ΘAR,j is a monotonically increasing
function of H.23

Thus, the main prediction of the model is that, controlling for
domestic political-economy determinants and FTA market share, the
MFN tariff rate is negatively affected by the HHI. In our calculation of
the HHI, we must account for the presence of non-GATT countries that
receive MFN treatment and exclude U.S. FTA partners and other
countries that do not receive MFN treatment. We measure this as,

Hj =
∑i2GATTM2

ij

∑i2MFNMij
� �2 ð16Þ

where MFN is the set of all non-FTA countries that export product j to
the U.S. and are granted MFN treatment by the U.S., while GATT is the
subset of MFN consisting of members of the GATT/WTO (and are
therefore potential participants in the multilateral negotiations).24 Mij

is the value of U.S. imports of product j from country i. The HHI so
defined equals the sum of squared export shares to the U.S. over all
potential (non-FTA) participants. For our purposes the EC is con-
sidered a single country; however, our results are robust to including
the member states individually.25

Given that our model is a story about multilateral trade negotia-
tions, there are certain features of actual negotiations that should be
respected. For one, GATT rounds take time, both to negotiate and
implement. The Uruguay Round was negotiated between 1986 and
1994; the resulting tariffs were implemented in stages from 1995 to
1999. The tariffs in effect during the Round were primarily those
negotiated during the Tokyo Round (1973–79). This suggests that
covariates observed during a Round should impact tariffs during the
implementation period. In light of this, we focus on the end of the
Uruguay round and estimate the impact of the Herfindahl–Hirschman
index in 1993 on the average MFN tariff rate over the following years
(1995–1999).26 For our 1983 analysis this is not possible, sincewe only
have data for a single year.

A second feature of GATT negotiations is that countries negotiate
tariff bindings. That is, they do not explicitly agree to tariff levels but
instead to tariff ceilings that tariff levels must not exceed. Thus, it
might seem natural to focus on bound tariffs as our dependant
variable. However, another important institutional feature is that
applied tariffs27 are not immediately subject to the bound rates
negotiated in a Round but are phased-in in stages, with more
politically sensitive products phased-in as late as possible. This feature
would be lost if we used only final bound rates. Moreover, although
our theoretical model makes no distinction between the bound and
above or below it in the HHI ranking). We should emphasize that FSD is only a
sufficient condition for monotonicity, not a necessary one.
24 While Eq. (16) conforms to the theoretical model, our results are robust to
constructing Hj using either i∈MFN in the numerator or using i∈GATT in
denominator.
25 In 1983, the EC consisted of Belgium, Luxembourg, Netherlands, Germany, France,
Italy, Denmark, Ireland, United Kingdom, Cyprus, and Greece. By 1993, Portugal and
Spain had joined (Austria, Finland, and Sweden joined in 1995; Turkey joined the
customs union in 1996). Interestingly, the coefficient estimates on HHI in regressions
where European countries are considered separately are larger in absolute value.
26 It might be reasonable to use the average of the HHI from 1989–1993, rather than
the 1993 HHI. We prefer the 1993 HHI on the grounds that 1993 captures the most
recent information that negotiators had during the final and most critical part of the
negotiation. As a robustness check we have estimated the model using 1989–1993
averages and found very similar results (Ludema and Mayda, 2008a, Table B).
27 The term “applied” rate is used quite loosely in the literature and is computed in
various ways. Here we mean the MFN ad valorem tariff rate actually found in the US
harmonized tariff schedule in a given year.
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applied rates, Bagwell and Staiger (2005) provide a theory to account
for the difference, based on private information about political pressure.
In their model, the bound rate is chosen to ensure the incentive com-
patibility of applied rates, whereas applied ratesmaximize the expected
welfare of the negotiating parties. Accordingly, the applied rate is the
more appropriate measure of our negotiated tariff. In practice, the
difference between the two sets of tariff rates in the U.S. data is quite
small (Ludema and Mayda, 2008a, Figures A and B). Whenwe estimate
our 1993 model using final bound rates, as a robustness check, we find
nearly identical results (Ludema and Mayda, 2008a, Table A).

Previous literature on endogenous protection has emphasized
domestic political-economy factors. Although the details are not of
particular interest to our theory, we need to control for these factors, as
they might be correlated with sector concentration and give rise to an
omitted variable bias. Using the first data set, we account for domestic
political-economy factors indirectly, by controlling for the inverse import-
penetration ratio and allowing its coefficient to vary by industry. This
amounts to assuming thatλj/μj in Eq. (15) varies by industry.Whenweuse
the second data set, which focuses on a single year (1983), we have access
to a larger number of variables. In particular, we have data on political
contributions by sector, which previous literature (Goldberg and Maggi,
1999; Gawande and Bandyopadhyay, 2000) has used as a proxy for ILj, the
latter being the variable component of the Grossman andHelpman (1994)
term, λj=(ILj-αL)/(a+αL). Our purpose here is not to contribute anything
new to this literature. Rather,weuse the same specification anddata set as
these previous papers to show that our results are consistent with them.

4.1. Results from the Uruguay Round

We use the World Bank's Trade and Production Database (Nicita
and Olarreaga 2001), which includes data on applied MFN tariffs,
multilateral and bilateral trade flows and production for 75 manu-
facturing industries at the 4-digit level of the International Standard
Industrial Classification (ISIC Rev. 2).28,29 Data is available for the years
1989 to 1999 (excluding 1994). We obtain information on GATT/WTO
membership from Rose (2004) and on MFN treatment from the U.S.
Harmonized Tariff Schedule.30

From 1993 to 1999 the average U.S. MFN tariff rate decreased by
about 1.75 percentage points.31 There is a negative and significant
correlation between the MFN tariff rate and the HHI for each of those
years. However, for each of the years between 1995 and 1999, when
we regress the tariff on the contemporaneous HHI and the 1993 HHI
together, we find a negative and significant coefficient on the latter
variable and an insignificant coefficient on the former (results not
shown). This suggests that the tariffs of the Uruguay Round implemen-
tation period are indeed driven by the HHI during the negotiations.

Regression (1) in Table 1 shows the estimated effect of the 1993 HHI
on the average tariff (1995–99) when no other controls are included in
28 This dataset derives from several sources: the UNCTAD Trains, UN Comtrade, and
UNIDO Industrial Statistics databases are the sources of MFN tariffs, trade flows and
production data, respectively. Tariffs are MFN simple averages at the 4-digit level of the
ISIC classification.
29 The advantage of the World Bank data set is that it provides data across countries –
according to the same international classification – which we use to construct
instruments for the U.S. HHI. The disadvantage is that the level of disaggregation is not
very high. Additional results based on data classified according to the 4-digit U.S. SIC
classification and the 8-digit Harmonized System classification are, respectively,
presented and discussed at the end of this section.
30 From 1996 onwards, the only non-MFN countries were Afghanistan, Cuba, Laos,
North Korea, Iran, Vietnam, Serbia and Montenegro. Before then, the US granted
unconditional MFN to all other countries, except Communist countries. Communist
countries began receiving MFN treatment in the nineties.
31 In addition to the transition from one set of bound rates to another, during the
Uruguay Round phase-in period (1995–1999), time variation in applied rates may be
due to discretionary changes in applied tariffs that are below bound rates. Countries
also exercise some discretion in whether tariff reductions negotiated in a round are
implemented on schedule. Finally, another source of tariff changes are renegotiations
that occur between rounds, as allowed by Article XXVIII.
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the regression.32 Columns (2)–(5) show the estimates of Eq. (15),
introducingdomesticpolitical-economydeterminants and theFTAmarket
share. Inparticular,we employ industry dummyvariables to proxy forλj/μ j
and include the import share of FTA countries, Israel and Canada.33 Thus,
our main specification (regression (2), Table 1) looks as follows:

τ95−99;j−1 = α + β � H93;j + ∑
l
ηl � Il

X93;j

M93;j
+ m � ΘFTA 93;j + ej: ð17Þ

where τ95–99,j−1 is the average ad-valorem U.S. MFN tariff rate over the
years 1995–1999,X93,j /M93,j is the inverse import-penetration ratio in 1993
(ratio of domestic total output to imports),ΘFTA 93,j is FTAcountries' share of
U.S. imports in 1993, j is the 4-digit ISIC code and l is the 3-digit ISIC code.

With or without controls, the correlation between the U.S. MFN
tariff rate and the HHI is negative and significant at the 1% level
(regressions (1) and (2), Table 1). The estimate is even higher when the
controls are included. According to column (2), a 10 percentage points
increase in the HHI decreases the MFN tariff rate by 0.8 percentage
points (which represents a 20% decrease given that the mean of the
dependent variable is equal to 4.2 percentage points in regression (2)).

Another way to gauge the magnitude of this effect is to compare
actual tariffs to the counterfactual of no free riding. In Ludema and
Mayda (2008a), we calibrate a model, assuming linear demand and
Leontief production, and find that full participation obtains for HHI
greater than about 0.42. We then ask how much tariffs would decline
on average if all 1993 HHI's were raised to this level. Using the point
estimates in column (2), we find an average percentage difference of
33%, i.e. absent free riding due to the MFN clause tariff rates would be
two thirds of their current levels.34

According to the theoretical model, the FTA market share has a
negative effect on the MFN tariff rate if /<1. The intuition behind this
is that, the larger the export market share of FTA partners, the smaller
the terms-of-trade gain for the U.S. from setting a high tariff (as the
price of goods coming from FTA partners equals the domestic price)
and, therefore, the lower the MFN tariff rate. We find evidence
consistent with this in regression (2) where the coefficient on the FTA
share variable is estimated to be negative and significant (at the 10%
level). Notice that, while the FTA share variable could be endogenous
due to reverse causality, this is likely to bias the estimate of the
coefficient towards zero, as higher MFN tariff rates should increase
import shares from FTA partner countries.

The remaining specifications in Table 1 further test the robustness of
our findings. First, our theory assumes that exporting countries
reciprocate with transfers, while in practice countries exchange trade
barrier concessions of various kinds. In such aworld, it could be that the
U.S. ismore inclined to swap concessionswith countries that represent a
large market for U.S. exports (e.g., EC). One might be concerned that the
goods principally supplied by such countries have highHj, thus causing a
negative correlation betweenHj and τj unrelated toMFN. To address this
issue, in column (3) we control for the share of U.S. total exports (i.e., of
all goods) to the top five exporters to the U.S. of each product. This
variable represents a measure of U.S. overall export dependence on the
principal suppliers of each good the U.S. imports.35
32 All our regressions use robust standard errors to address heteroskedasticity.
Outliers (observations with tariffs higher than 50) are excluded from the analysis in
Table 1.
33 We use the definition of Article XXIV to determine FTA status. Countries that may
have received preferential treatment through other means, such as the Generalized
System of Preferences, are treated as MFN non-FTA countries. We take this approach
mainly because of the inconsistent coverage and conditional nature of these
preferences.
34 The 33% average percentage tariff difference caused by free riding is a conservative
estimate, for reasons described in Ludema and Mayda (2008a).
35 Bown (2004) uses essentially the same measure. He finds that the greater a
country's export dependence on the principal suppliers of a given product, as
measured by the share of its worldwide exports (of all products) sold to those
suppliers, the less likely it is to implement protection (safeguards and safeguard-like
measures) on that product.
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38 Regression (5) uses both Canada's HHI and RankHI as instruments for the U.S. HHI
(we confirm the validity of the instruments with a test of overidentifying restrictions).
Based on both regressions (4) and (5), the Hausman test cannot reject the null
hypothesis that the U.S. HHI is exogenous.

Table 1
The impact of free-riding on US MFN tariff rates, using 4-digit ISIC and SIC data (1993–1999)

1 2 3 4 5 6 7 8

Dependent variable Average US MFN tariff rate (1995-1999)

4-digit ISIC 4-digit SIC

Method OLS OLS OLS IV IV OLS OLS OLS

Herfindahl–Hirschman index (1993) −6.15 −7.78 −11.04 −6.77 −7.24 −5.98 −3.72 −3.03
2.07⁎⁎ 2.73⁎⁎ 3.36⁎⁎ 3.66+ 3.87+ 1.14⁎⁎ 1.37⁎⁎ 1.51⁎

FTA share (1993) −4.5 −6.65 −4.46 −4.48 −4.43 −4.25
2.62+ 3.38+ 2.62+ 2.62+ 1.08⁎⁎ 1.13⁎⁎

Share of US exports to top 5 exporters (1993) −0.12 −11.05
6.29 3.59⁎⁎

Non-GATT market share (1993) −5.85 −0.84
4.19 2.15

Constant 5.59 6.62 8.63 6.41 6.51 6.23 6.56 10.4
0.61⁎⁎ 1.15⁎⁎ 2.80⁎⁎ 1.26⁎⁎ 1.31⁎⁎ 0.40⁎⁎ 0.65⁎⁎ 1.63⁎⁎

Inverse import penetration ratio (1993)⁎3-digit DV No Yes Yes Yes Yes No Yes Yes
Observations 75 75 75 75 75 386 386 386
R-squared 0.1 0.59 0.62 0.59 0.59 0.08 0.63 0.67

Data sources: World Bank's Trade and Production Database for regressions (1)–(5); see text for regressions (6)–(8). Robust standard errors are presented under each estimated coefficient.
+ significant at 10%; ⁎ significant at 5%; ⁎⁎ significant at 1%. Outliers, that is US MFN tariff rates higher than 50, are dropped. The US MFN tariff rate is expressed in percentage points.
For each sector, the Herfindahl–Hirschman index equals the sum of squared import shares from each exporting country to the US. The Herfindahl–Hirschman index is calculated
excluding countries which are part of a preferential trade agreement with the US in 1993 – Israel and Canada – and excluding countries without MFN treatment. Countries which do
not belong to the WTO but receive MFN treatment by the US (such as China) are included in the denominator of the Herfindahl–Hirschman index, but not in the numerator. The
inverse import penetration ratio equals the ratio of output value to imports in each sector. The FTA Share gives the overall import share (by sector) from countries which are part
of a preferential trade agreement with the US (Israel and Canada).
The Share of US exports to top 5 exporters is equal to the fraction of total US exports going to the five principal suppliers of each product. The non-GATT market share is exports to the U.S. of
countries which receive MFN treatment but are not GATT/WTO members, as a fraction of total U.S. imports from non-FTA countries which receive MFN treatment. EC countries are
considered as one block: In 1993, the EC consisted of Belgium, Luxembourg, Netherlands, Germany, France, Italy, Denmark, Ireland, United Kingdom, Cyprus, Greece, Portugal and Spain.
The instrument in regression (4) is Canada's Herfindahl–Hirschman index (1993). The instruments in regressions (5) are Canada's Herfindahl–Hirschman index (1993) and RankHI
(1993), which is the U.S. Herfindahl–Hirschman index in 1993 constructed using, as import shares, the predicted values from a gravity model (with, as regressors, per capita GDP,
population, distance and the rank of each country in world exports of each product).
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Second, our theory focuses on the participation decisions of GATT/
WTO countries. Non-GATT countries receiving MFN (e.g., China) are
included in the denominator of H93,j, because they enjoy the MFN
externality (the terms-of-trade improvement from a reduction in the
U.S. tariff) but are excluded from the numerator, because they are not
potential participants. Therefore, the higher the non-GATT market
share the lower our measure of the HHI. In regression (3) we add the
non-GATTmarket share as a control to make sure that it does not drive
the estimate on the HHI.36 The two additional regressors in column (3)
(Share of US exports to top 5 exporters and non-GATT market share) turn
out to have no effect on the negative and significant coefficient on the
HHI, if anything the coefficient becomes larger in absolute value.

Third, up to now we have addressed the potential endogeneity of
the HHI by strictly following the theoretical model and controlling for
the other determinants of tariffs in Eq. (15). However, it is possible that
other domestic political-economy determinants of U.S. MFN tariff
rates, not captured in the theoretical model, are correlated with the
HHI. To deal with this possibility, we estimate the model using
Canada's HHI as an instrument for the U.S. HHI (regression (4)):
Canada's exporter concentration is correlated with that of the U.S.37

but is unlikely to be correlated with U.S.-specific political-economy
dynamics. Another concern is reverse causality: a higher tariff rate
may affect the exporting countries' market shares and thereby
influence the HHI. This cannot occur in our theoretical model, which
assumed export market shares independent of the world price, but it
might be true in the data if the elasticities of export supply differ
across countries. Even then, for differences in elasticities to explain the
negative relationship between the tariff and the HHI, they would have
to vary by market share systematically: countries with larger market
share would have to reduce exports in response to higher tariffs
proportionally more than do countries with smaller market share. To
36 The bias induced by the non-GATT market share could go either way, according to
whether bilateral negotiations take place between the U.S. and non-GATT MFN
countries.
37 The correlation coefficient between the U.S. HHI and the Canadian one is 0.81.
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address this possibility, we instrument the U.S. HHI with the variable
RankHI: this variable is equal to the U.S. HHI constructed using, as
import shares, the predicted values from a gravity model with, as
regressors, per capita GDP, population, distance and the rank of each
country in world exports of each product (regression (5)). The implicit
assumption is that country ranks in world exports are not system-
atically affected by U.S. tariffs. The results from instrumental-variable
regressions seem to confirm our previous results on the effect of
exporter concentration.38,39

Finally, one of the limitations of the World Bank data set is its
relatively high level of aggregation — only 75 observations at the 4-
digit level of ISIC. We next check the robustness of our results to using
more disaggregated data, specifically at the 4-digit SIC (1987) level
(386 observations) and at the 8-digit Harmonized System level (7670
observations).40 Regressions (6)–(8) of Table 1 show the results of
using the 4-digit SIC (1987) product classification, which is the least
aggregated classification for which U.S. production data is available.
The results confirm all of our previous estimates. The main difference
with the results using the World Bank data is that the coefficient
estimates on FTA Share and Share of US exports to top 5 exporters are
now negative (as expected) and significant at the 1% level (most likely,
the significance level increases as the data is more disaggregated).

In actual GATT negotiations, the items under negotiation are legal
tariff lines, which are defined at the 8-digit Harmonized System (HS)
level for the US. Given the many thousands of items at this level,
39 In Ludema and Mayda (2008a), we also estimate the model using a two-stage
estimation procedure that allows us to account for both the ongoing effects of political
pressure and the once-off effect of the Herfindahl-Hirschman index, between 1995 and
1999.
40 Production data at the 4-digit SIC (1987) level are from Peter Schott's website. MFN
tariff rates and import data at the 8-digit HS level are from, respectively, John Romalis'
and Robert Feenstra's websites.
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46 Notice that, for the political-organization dummy, in the first stage we specify a
linear reduced-form equation. On the other hand, Goldberg and Maggi (1999) use a
probit model.
47 However, some of the possible omitted variable biases reinforce our results. The
HHI of export shares may be positively correlated with domestic (firm) concentration
in the importing country, but this would tend to bias our estimate towards zero. The
reason is that higher domestic firm concentration in the importing country could
positively affect whether the sector is politically organized at home (λ). In a similar
vein, strategic trade policy considerations would suggest tariffs should be higher in
sectors where firm concentration is high both at home and abroad. Again this
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however, it seems plausible that countries would economize on
participation decisions and negotiate products in groups (perhaps 4 or
6 digit categories). Thus, we conduct the analysis at the 4-digit ISIC or
4-digit SIC level, which amounts to a between-group analysis. Yet if
Pareto efficiency for participants applies at the tariff line level, then
even if the set of participants varies only between groups, we may still
see a negative relationship between H and τ within groups, i.e.
controlling for 4-digit or 6-digit fixed effects.41 In fact, we see this in
the data. Although the results are not shown, we find a negative and
significant relationship between the average U.S. MFN tariff rate
(1995–1999) and the 1993 HHI at the 8-digit HS level, which is robust
to controlling for both 4-digit fixed effects and 6-digit fixed effects
(which capture, among other effects, domestic political-economy
determinants). Details are available upon request from the authors.

4.2. Results from the Tokyo Round

We next focus on 1983 for which we have information on a range
of additional variables.42 Our purpose in using this dataset is not just
to replicate the 1990s results but to go beyond them. In particular we
use direct information on sectors' political organization status and
import-demand elasticities (which were kindly provided by
Gawande) to estimate the following model:

τj−1 = α + β � Hj + γ � 1
μ j

� Xj

Mj
+ δ � ILj �

1
μ j

� Xj

Mj
+ ej; ð18Þ

where τj−1 is the U.S. post-Tokyo round ad-valorem tariff and ILj is a
political-organization dummy for sector j. Notice that, as in the
previous literature, we break down the parameter λj in formula (15)
into two components, according to whether the sector is politically
organized or not.43

Table 2 presents the estimates of this specification. Notice that we
follow Goldberg and Maggi (1999) in treating the import demand
elasticity as econometrically endogenous, thus we move it to the left-
hand side of expression (18). We find that the data is consistent with
this specification of themodel and, in particular, that the impact of the
HHI on the U.S. MFN tariff rate is still negative and significant once we
account for “Protection for Sale”determinants (regressions (1) and (2)).44

Our results are robust to introducing the direct effect of Political
Organization (regression (3)) and to using a different measure of
political organization45 (regression (4)).We also confirm that the Share
of US exports to top 5 exportershas a negative and significant impact and
that its introduction does not affect the coefficient on the HHI
(regression (5)).

Next, as in Goldberg and Maggi (1999), we treat the political-
organization measure and the inverse import-penetration ratio as
econometrically endogenous. We construct instruments for ILj and Xj/
Mj using data kindly provided by Trefler. In particular, we model the
inverse import-penetration ratio as in cross-commodity regressions of
41 As an example, consider two exporters, 1 and 2, and two tariff lines, A and B, with a
single negotiation for both lines. If country 1's export share is 80% for A and 50% for B,
then as the combined principle supplier, country 1 participates for sure, while country
2 may free ride. In that case, the resulting negotiated tariff would be higher for B (with
HHI equal to 0.5) than for A (with HHI equal to 0.68).
42 The 1983 data follow the 4-digit U.S. Standard Industrial Classification (SIC, 1972-
based).
43 In other words, λj=γ+δ·ILj, with γ=−αL/(a+αL)<0, δ=1/(a+αL)>0 and γ+δ>0.
44 Regressions (1)–(2) provide information on the importance of free riding versus
political-economy determinants. The difference between the two R2 measures (equal
to 0.08) is the variance of tariffs, left unexplained by the political-economy
determinants, which is explained by free riding.
45 In Table 2, we use two different measures of Political organization. GB Political
Organization is the same variable used in Gawande and Bandyopadhyay (2000), who
consider as politically-organized those sectors where import penetration (from major
partners) significantly explains the size of political contributions. We construct GM
Political Organization as in Goldberg and Maggi (1999), using information from their
Table B1 (p.1153).
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trade flows, i.e. as a function of sector factor shares. As instruments for
the political-organization dummy, we use variables employed in the
political-economy literature as determinants of endogenous protec-
tion (Trefler 1993).46 Both sets of instruments are used for both
variables (their list can be found at the end of Table 2). Once again, we
confirm our result that the HHI has a negative and significant impact
on MFN tariff rates (regressions (6) and (7)).

As stressed earlier, endogeneity of export concentration is an issue in
the estimation of the impact of free riding.47 In addition, endogeneity of
the HHI per se is not the only problem. While our estimates may be
indicative of a causal negative impact of exporters' concentration on
MFN tariff rates, the channel through which the effect is working may
not be free riding. For example, a higher concentration of exporters in
the U.S. market of product j may increase the incentive of those few
foreign exporters to get organized and lobby directly the U.S. govern-
ment or their own government (high λ⁎) for lower protection. In that
case, we would observe a lower tariff rate on that good, but it wouldn't
be due to free riding. In order to investigate these issues, we next
estimate a model of U.S. nontariff barriers (NTBs). We use the same
regressors we used to analyze MFN tariff rates.

It is reasonable to assume that tariff rates and NTBs share many
common determinants. That the two forms of protection are affected
by the same domestic political-economy factors was established by
Ray (1981) and can be seen by comparing our results with those of
Goldberg andMaggi (1999) and Gawande and Bandyopadhyay (2000),
which focus only on NTBs. Foreign lobbying also affects tariffs and
NTBs in a similar manner, as shown by Gawande et al. (2006). One
important difference is that, while in theory NTBs too are subject to
the MFN clause (GATT Article I), in practice they constitute one of the
most common departures from nondiscrimination.48 This implies that
NTBs should not suffer from the MFN free rider problem.49 Thus,
loosely speaking, NTBs represent a counterfactual of the level of
protection of MFN tariff rates, absent the free-riding effect through the
MFN clause. According to this argument, we would not expect a
regression of NTBs on exporter concentration to yield the negative and
significant result we found for tariffs.

Figs. 3 and 4 offer evidence consistent with this intuition. Using the
1983 data, the correlation between the HHI and the MFN tariff rate is
negative (the regression coefficient of the fitted line in Fig. 3 is −8.95,
significant at the 1% level), while NTBs appear to be positively related
reinforces our results. We thank Ralph Winter and Jim Brander for pointing this out.
48 NTBs include anti-dumping duties, countervailing duties, country-specific quotas,
VERs and a host of other discriminatory policies. Jackson notes: qQuantitative
restrictions often pose an important conceptual challenge to the MFN principle.... In
a similar context, the explosion of the use of export-restraint arrangements in world
trade provided one of the most significant recent challenges [to MFN].q (1997, p. 164).
49 NTBs can be set either cooperatively but in a discriminatory manner or
noncooperatively. Either way, NTBs should not suffer from the MFN free rider
problem. If we assume that all NTBs are noncooperative, then other aspects of
multilateral negotiations (other than free riding) could, in principle, explain the
exporter concentration effect for tariff concessions. However, first, the NTB test still
allows us to rule out any omitted variable biases unrelated to multilateral negotiations
(for example, the impact of foreign lobbying on the U.S. government). Second, the most
notable aspect of multilateral negotiations, other than free riding, that could
potentially explain the negative correlation between MFN tariff rates and the HHI is
foreign bargaining power, which we have already accounted for in our analysis. Finally,
and most importantly, it is not the case that all NTBs are noncooperative. Some NTBs,
such as quotas, are set cooperatively, while even the least cooperative policies –

antidumping duties – have been shown to respond to foreign bargaining power (see
Blonigen and Bown, 2003).
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51 Baldwin's study of the Kennedy and Tokyo Rounds showed that less liberalization
occurred in industries with greater levels of protection at the beginning of each round,
controlling for labor characteristics, growth rates and import penetration ratios. A
review of the literature on gradualism in trade agreements can be found in Bagwell

Table 2
The impact of free-riding on US MFN tariff rates, using 4-digit SIC data (1983)

1 2 3 4 5 6 7 8

Dependent variable (US ad valorem tariff)⁎elasticity (US NTB) ⁎elasticity

Method OLS OLS OLS OLS OLS IV Tobit IV IV

Herfindahl–Hirschman index −15.12 −15.49 −15.7 −13.62 −9.04 −9.02 19.44
2.82⁎⁎ 2.83⁎⁎ 2.82⁎⁎ 2.54⁎⁎ 2.05⁎⁎ 2.38⁎⁎ 19.16

Inverse import penetration ratio −105.17 −73.14 −42.11 −260.72 −89.84 −142.99 −317.75 −154.6
35.50⁎⁎ 34.10⁎ 22.89+ 81.92⁎⁎ 27.88⁎⁎ 117.8 120.61⁎⁎ 373.52

Inverse import penetration ratio⁎GB Political Organization 91.85 63.25 29.63 79.88 126.35 296.38 63.36
35.13⁎⁎ 34.01+ 23.33 27.93⁎⁎ 124.65 125.25⁎ 418.54

Inverse import penetration ratio⁎GM Political Organization 248.93
81.56⁎⁎

GB Political Organization 2.77
1.18⁎

Share of US exports to Top 5 Exporters −21.24
7.16⁎⁎

Constant 10.28 14.2 12.36 14.45 23.72 11.45 11.65 10.89
0.67⁎⁎ 1.17⁎⁎ 1.11⁎⁎ 1.18⁎⁎ 3.83⁎⁎ 0.96⁎⁎ 0.80⁎⁎ 5.38⁎

Observations 242 242 242 242 242 194 194 194
R-squared 0.02 0.1 0.11 0.11 0.15 0.06

All data is for 1983 and is from Gawande and Banyopadhyay (2000), Feenstra (1997), Goldberg and Maggi (1999) and Trefler (1993). Robust standard errors under each estimated
coefficient. + significant at 10%; ⁎ significant at 5%; ⁎⁎ significant at 1%.
EC countries are considered as one block: In 1983, the EC consisted of Belgium, Luxembourg, Netherlands, Germany, France, Italy, Denmark, Ireland, United Kingdom, Cyprus, and
Greece. The US post-Tokyo round ad valorem tariff is expressed in percentage points.
The inverse import penetration ratio equals the gross output to import ratio. The elasticity equals the absolute value of the import demand elasticity (after correcting for measurement
errors). The Political Organization variable is a dummy variable equal to 1 if the industry is politically organized, 0 otherwise (GB stands for Gawande and Bandyopadhyay, GM stands
for Goldberg and Maggi). The Share of US exports to top 5 exporters is equal to the fraction of total US exports going to the five principal suppliers of each product. Instruments used in
IV regressions (columns (6), (7) and (8)): Seller concentration, Buyer concentration, Seller number of firms, Buyer number of firms, Scale, Capital Stock, Unionization, Geographic
concentration, Tenure; Physical capital, Inventories, Engineers&scientists, White-collar, Skilled, Semi-skilled, Unskilled, Cropland, Pasture, Forest, Coal, Petroleum, Minerals.
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(although insignificantly) to exporter concentration (see Fig. 4).
Column (8), Table 2 confirms this result using regression analysis (IV
estimation). The impact of exporter concentration on NTBs is positive
and insignificant, using the same instruments as in regressions (6) and
(7) for the inverse import penetration ratio and the political
organization dummy.50 The nonnegative effect of HHI on NTBs is
robust to jointly estimating tariffs and NTBs with three-stage least
squares and to including the tariff as an explanatory variable in the
NTB equation. To conclude, we believe we found evidence that the
negative relationship between the HHI and MFN tariff rates is indeed
related to the effect of free riding.

Finally, there is one other omitted variable concern that is not
addressed by our previous methods, because it is a function of the MFN
free rider problem itself. It is that participants may try to constrain the
MFN externality via reciprocity and that their determination to do so
might be greater when MFN free-rider issues are more severe (i.e., H is
low). This would imply that whenH is low (and ourmodel predicts that
τ should be high), endogenousmitigation of theMFN externality should
reduce the incentive for free riding, thereby lowering the tariff relative to
our prediction. In otherwords, the presence of this effect should bias the
coefficient on H towards zero. The fact that we find a negative and
significant coefficient onH tells us that, whatever the importance of this
effect, the MFN free rider problem persists to some degree.

4.3. Changes across rounds

Thus far we have dealt with endogeneity by adding controls, using
instrumental variables and estimating the NTB equation. As a final
robustness check, we control for time-invariant unobserved hetero-
geneityacross sectors byexamining changes in tariffs between the Tokyo
and Uruguay rounds rather than levels. An important caveat is that
tariffs are well known to exhibit persistence, as shown by Baldwin
(1985) and as evidenced by the gradual nature of GATT tariff reductions
50 As in previous literature, the estimated effect of domestic political-economy
determinants on NTBs is consistent with the protection for sale model, though the
significance level of the estimates depends on the particular specification used.
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over the past 60 years.51 This suggests that tariff changes between
rounds involve longer-term considerations beyond first differences in
the explanatory variables emphasized in our static model. To illustrate,
suppose that tariff changes are governed by a linear difference equation,
τt−τt−1=b(τtn−τt−1), where 0<b<1. That is, the actual tariff change
between rounds is a fraction of the difference between the target τtn

(given by Eq. (17)) and the tariff of the previous round. Solving produces,

τt−τt−1 = b τnt −τ
n
t−1

� �
+ b 1−bð Þ τnt−1−τ0

� �
−b2 ∑

t

i = 2
1−bð Þi−1 τnt−i−τ0

� � ð19Þ

The first term on the right-hand side captures the effect of changes
of our covariates (HHI, etc.) between rounds. The second term is the
gap between the previous target and the initial tariff. If we assume
τ0=τ

_
(the optimal tariff), then we would expect this term to be

affected (negatively) by the lagged level of the HHI, which appears in
τt–1

n but not in τ
_
. The final term involves further lags in declining

orders of magnitude.
Table 3 shows the effects of changes in theHHI from 1983 to 1993 on

changes in final bound tariffs, both specific and ad valorem, between the
Tokyo and Uruguay Rounds.52 The tariff change data is from Limão
(2006, 2007). We use Tobit to account for the fact that tariff changes are
never positive. Without the lagged HHI level, the estimated effect is
negative (increases in HHI are associatedwith deeper tariff cuts) in each
case, though significant only for specific tariffs. In columns (5) and (10),
we use a dummy variable, which equals one if the HHI increased or
stayed the same between the two rounds, zero otherwise. This is
and Staiger (2002).
52 We use the final bound tariffs for this analysis to ensure consistency across the two
rounds in terms of data sources, product classification, and method of averaging, and
because we lack data on specific rates for the complete Tokyo Round implementation
period.
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Fig. 3. Correlation between US tariffs and Herfindahl–Hirschman index, 1983.

Fig. 4. Correlation between US NTBs and Herfindahl–Hirschman index, 1983.
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motivated by Proposition 1, which implies that increases in HHI beyond
that necessary to achieve full participation should have no effect on the
tariff, and thus the sign of an HHI change may be of greater relevance
than its absolute size. This finds support in the data, as the estimates are
negative and significant for both types of tariff. In columns (4) and (9),
we control for the 1983 level of the HHI. As expected, the change in HHI
has a negative and significant effect on the tariff change, for both types of
tariff, as does lagged HHI level.53

5. Conclusion

The theory presented in this paper makes basically two assertions.
The first is that there should be a negative relationship between the
tariff in an industry and themarket share of the countries participating
in negotiations over that tariff. The intuition is that the larger is this
share, the greater is the share of the benefit from tariff reduction that is
53 Interestingly, the coefficient on FTA share becomes positive and significant for ad
valorem tariffs, which is consistent with the findings of Limão (2006).
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internalizedby thenegotiators. This is themost basic aspect of theMFN
free-rider problem. The second assertion is that the market share of
participants increases with the degree of concentration of the
exporters in the industry. This stems from the fact that our optimal
mechanism assigns participants according to a principal supplier rule.

Together these assertions produce a negative relationship between
the tariff and the degree of concentration. We find strong evidence for
this relationship for U.S. MFN tariffs, which is robust to the time period
and level of aggregation considered, the introduction of controls, the
use of instrumental variables, and the estimation of the model in both
levels and changes. Moreover, it is not present for NTBs, despite the
many commondeterminants of the two forms of protection. Given this
preponderance of evidence and the absence of an alternative theory
consistent with it, we conclude that the MFN free rider problem exists
and that our theory describing it has merit.

There are several important directions in future research. One is to
obtain direct evidence on participation, which would allow us to test
the two assertions of our theory separately. Another is to expand the
scope of the analysis beyond the U.S. to include a multitude of
de on MFN? Journal of International Economics (2009), doi:10.1016/j.
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Table 3
The impact of free-riding on US MFN bound specific and ad valorem tariff rates across rounds (pre vs. post Uruguay Round)

TOBIT 1 2 3 4 5 6 7 8 9 10

Dependent variable Change US MFN bound specific tariff Change US MFN bound ad valorem tariff

4-digit SIC (1987) 4-digit SIC (1987)

Change Herfindahl–Hirschman index −0.03 −0.06 −0.05 −0.06 −1.02 −0.71 −0.68 −1.7
0.02 0.04+ 0.03⁎ 0.03⁎ 0.77 0.71 0.69 0.69⁎

Dichotomous change Herfindahl–Hirschman index −0.01 −0.45
0.00⁎⁎ 0.24+

Change FTA share −0.02 −0.03 −0.03 −0.03 0.88 0.76 1.25 0.73
0.02 0.02+ 0.02+ 0.02+ 0.67 0.66 0.69+ 0.64

Change share of US exports to top 5 exporters −0.07 −0.07 −0.07 −2.05 −2.09 −2.08
0.03⁎ 0.03⁎ 0.03⁎ 1.28 1.27 1.27

Herfindahl–Hirschman index pre UR −0.01 −2.39
0.02 0.76⁎⁎

Constant −0.01 0 −0.01 −0.01 0 −2.36 −2.54 −2.72 −2.22 −2.5
0.00⁎⁎ 0.01 0.00⁎ 0 0 0.12⁎⁎ 0.18⁎⁎ 0.21⁎⁎ 0.25⁎⁎ 0.25⁎⁎

Change inverse import penetration ratio⁎2-digit DV No Yes Yes Yes Yes No Yes Yes Yes Yes
Observations 63 63 63 63 63 181 181 181 181 181

Robust standard errors are presented under each estimated coefficient.
The change US MFN bound specific tariff equals the change in the US MFN bound specific tariff rate between the Tokyo round and the Uruguay round (data source: Limão (2007)). The
change US MFN bound ad valorem tariff equals the change in the US MFN bound ad valorem tariff rate between the Tokyo round and the Uruguay round (data source: Limão (2006)).
EC countries are considered as one block (taking into account when each country joined the EC): In 1983, the EC consisted of Belgium, Luxembourg, Netherlands, Germany, France,
Italy, Denmark, Ireland, United Kingdom, Cyprus, and Greece. By 1993, Portugal and Spain had joined.
The dichotomous change Herfindahl–Hirschman index equals one if the HHI increased or stayed the same between the two rounds, zero otherwise. The Share of US exports to top 5
exporters is equal to the fraction of total US exports going to thefive principal suppliers of each product. TheHerfindahl–Hirschman index pre UR is theHHI pre-Uruguay round (in 1983).
See definitions of remaining variables at the end of Table 1.
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countries, so as to test the generality of the MFN free-rider effect and
attempt to add up the global impact of MFN. According to the model,
the severity of the MFN free rider effect should be greater for markets
in which the importer has greater monopoly power in trade. This
requires taking into accountmeasures of monopoly power both across
goods and across countries. Our follow-up paper Ludema and Mayda
(2008b) is a first attempt at this. A third is to build on our U.S. estimates
showing that tariffs are lower on products imported principally from
major U.S. export destinations, suggesting that tariff concessions
reflect considerations of reciprocity. To model this would require
expanding the dimensionality of the existing theoretical model to
accommodate many countries with interdependent tariff schedules.

Finally, as mentioned in the introduction, there are many benefits
to MFN discussed in the literature, so it would be premature to
advocate the elimination of MFN based on our results. The solution to
the MFN free rider problem is to provide greater inducements for
participation and/or isolate free riders from the benefits of liberal-
ization. The principal supplier rule, reciprocity, the use of formula
negotiations and the single undertaking can all be seen as attempts to
combat the MFN free rider problem along one or both of these
dimensions. At this point, all we know is that they haven't eliminated
the problem. More study is required to determine what effects these
approaches have had and to suggest preferable alternatives.

Appendix A

A.1. Proof of Proposition 1

To establish the first claim, we note that if H=1, then θ1=1, which
implies that Ω(N)=w⁎(τw)−w⁎(τ

_
)− [w0(τ

_
)−w0(τw)]>0. Thus, τw can

be implemented. To establish the second claim, note that by the
Mean Value Theorem, there exists a tariff τi∈ [τw, τn (N/i)] such that
wi(τw)–wi(τn(N/i)=θi2υ(τi) for all i, where υ(τ)≡−(w⁎′(τ))2/(w0″(τ)+
w⁎″(τ))2>0. Letting υ

_
denote maximum value of υ(τ) on the support

[τw, τ
_
], it follows that,

H� � ∑
i2N

wi τwð Þ−wi τn N∖ið Þð Þ:

Thus, ifHῡ<w0(τ
_
)−w0(τw),Ω(N)<0 and τw cannot be implemented.

□
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A.2. Proof of Proposition 2

Suppose τ̃ is feasible under PSR, and let B be the PSR set such that
τ̃=τn (B). For B to be an equilibrium set of participants, we need that,

∑
i2B

wi τ̃
� �

−wi τn B∖ið Þð Þ � ∑
i2Ã

wi τ̃
� �

−wi τn Ã∖i
� �� �

or

∑
i2B

∫τ
n B∖ið Þ

τ̃ θiw′ τð Þdτ � ∑
i2 Ã

∫
τn Ã∖ið Þ
τ̃ θiw′ τð Þdτ

The left-hand side of this inequality can be written as,

∑
i2B∖î

∫τ
n B∖ið Þ

τn B∖ î
� �θiw′ τð Þdτ + ∫τ

n B∖ î
� �

τ̃ ΘBw′ τð Þdτ;

while the right-hand side is strictly less than,

∑
i3θi>θ

î

∫
τn Ã∖ið Þ
τn B∖ î
� �θiw′ τð Þdτ + ∫

τn B∖ îð Þ
τ̃ ΘÃw′ τð Þdτ:

This last point follows from fact that A must contain elements
with smaller market share than that of the critical exporter in B. Now
given that ΘB=ΘÃ by definition, a sufficient condition for B to be an
equilibrium set is,

∑
i3B∖î

∫τ
n B∖ið Þ

τn B∖ î
� �θiw′ τð Þdτ � ∑

i3θi>θ
î

∫
τn Ã∖ið Þ
τn B∖ îð Þθiw′ τð Þdτ

This must hold, because B contains all exporters such that θi>θî ,
while Ã does not. Now considering that B is a PSR equilibrium set,
and τ̂ is the minimum implementable PSR tariff, it must be that
τ̃ =τ n (B)≥ τ̃ . But if τ̃ > τ̂ , then τ̃ is not the minimum implementable
tariff, which is a contradiction. Hence, τ̃ = τ̂ .

If τ̃ is not feasible under PSR, then it must lie strictly between two PSR
tariffs. Let C and D denote, respectively, the largest and smallest PSR sets
such that τn (C)>τ̃ >τn (D). Now consider a hypothetical country k such
e on MFN? Journal of International Economics (2009), doi:10.1016/j.
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that θk=ΘÃ −ΘC . It is straightforward that X Ã
� �

−X Cð Þ < X C [ kð Þ−X Cð Þ.
Convexity implies,

X C [ kð Þ−X Cð Þ½ �θ
îD
� X Dð Þ−X Cð Þ½ �θk

or

X Ã
� 	

< X C [ kð Þ � θk=θ îD

� 	
X Dð Þ + 1−θk=θ îD

� 	
X Cð Þ

By definition Ω (Ã)≥0, Ω (D)<0 and 0<θk/θ îD<1. Thus, Ω(C)>0. But
this means that C=Â and D=Â+, so τ̂>τ̃ >τ̂+. Finally, the fact that τ̂+→τ̂
as θiˆ+→0 implies τ̃→τ̂. □

A.3. Proof of Proposition 3

Let x̂1 be optimal value of x under Θ1, and consider x′ such that
Θ0(x′)=Θ1(x̂1). If we can show that x̂0<x′, then we will have proven
that the equilibrium market share of participants is higher, and the
tariff is lower, under Θ1 than under Θ0. We show x̂0<x′ by establishing
that at x′ the participation constraint (13) is violated. Since the
negotiated tariff is at x′ under Θ0 is the same as at x̂1 under Θ1 by
construction, we need only show that, h0(x′)<h1(x̂1). This condition can
be written as,

h0 x̂1
� �

+ ∑
x′

i = x̂1

θ0 ið Þ2< h1 x̂1
� �

We know that,

∑
x′

i = x̂1

θ0 ið Þ2� θ0 x̂1
� �

∑
x′

i = x̂1

θ0 ið Þ

which follows from the fact that θ0(i) is decreasing (as we have
ordered the countries in descending order of market share). Similarly,
Θ0(x′)=Θ1(x̂1) can be written as, Θ0 x̂1ð Þ +∑x′

x̂1
θ0 ið Þ = Θ1 x̂1ð Þ. Combining

these equations, a sufficient condition for x̂0<x′ becomes,

∑
x̂1

i = 1
θ1 ið Þ2−θ0 ið Þ2
h i

−θ0 x̂1ð Þ Θ1 x̂1ð Þ−Θ0 x̂1ð Þ½ � > 0

This condition can be re-written as,

∑
x̂1

i = 1
θ1 ið Þ2−θ0 ið Þ2
h i

−θ0 x̂1ð Þ Θ1 x̂1ð Þ−Θ0 x̂1ð Þ½ �

= θ1 x̂1ð Þ Θ1 x̂1ð Þ−Θ0 x̂1ð Þ½ �

+ ∑
x̂1−1

i = 1
θ1 ið Þ + θ0 ið Þ−θ1 i + 1ð Þ−θ0 i + 1ð Þ½ � Θ1 ið Þ−Θ0 ið Þ½ � > 0

which must hold, because θ1(i) and θ1(i) are decreasing in i, and Θ1(i)−
Θ0(i)>0 for all i.

The final part of the Proposition 3 is that H1>H0. This follows from
the same decomposition we used above, namely,

H1−H0 = θ1 Nð Þ + θ0 Nð Þ½ � Θ1 Nð Þ−Θ0 Nð Þ½ �

+ ∑
N−1

i = 1
θ0 ið Þ + θ1 ið Þ−θ0 i + 1ð Þ−θ1 i + 1ð Þ½ � Θ1 ið Þ−Θ0 ið Þ½ � > 0: □
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