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Abstract

In this paper, we provide a comprehensive theoretical and empirical analysis of the role of
economies of scale on external tariff setting following the formation of free trade agreements
(FTAs). We build an oligopoly model of trade with flexible degrees of economies of scale and
show that the member countries have an incentive to reduce their external most favoured
nation (MFN) tariffs following the FTA formation regardless of the degree of economies of
scale. We further show that such effect strengthens as the degree of economies of scale rises.
We empirically test these predictions and confirm that post-FTA tariff adjustments are
consistent with our theoretical expectations, highlighting the importance of incorporating
the economies of scale in the FTA analysis. Next, we develop a three-country dynamic
FTA formation model to examine how the degree of economies of scale shapes the welfare
implications of FTA formation and countries’ incentives to enter into such agreements. Our
findings suggest that the equilibrium path of FTA formation is fundamentally shaped by
the degree of economies of scale in production technology: when countries exhibit strong
preference for short-term gains, the FTAs are more likely to lead to global free trade with

increasing or decreasing economies of scale than with constant return to scale.
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1 Introduction

Following the recent rapid proliferation of Free Trade Agreements (FTAs) globally, un-
derstanding their economic implications has become essential for policymakers. The economic
benefits of FTAs are largely determined by how industries respond to trade liberalization, par-
ticularly through the impact of FTA tariff cuts on trade flows within the agreement and with
non-member countries. The impact on trade flows, in turn, is closely tied to the presence of
economies of scale in the production technology. For example, having a preferential access in
an industry with economies of scale would lead to a greater expansion of trade within an FTA
at the expense of trade from non-member countries, leading to change in incentives for optimal
trade policies. Despite the theoretical importance of economies of scale in determining the trade
and trade policy effects of FTAs, no study has yet systematically examined how economies of
scale shape the properties and outcomes of FTAs.

In this study, we provide a comprehensive theoretical and empirical analysis of the role of
economies of scale within the framework of F'TAs. First, using a theoretical model we examine
the external trade policy of FTA members and this analysis generates testable predictions on
how FTAs affect import tariffs in different industries, depending on the presence and degree of
economies of scale. Next, we empirically test these predictions and confirm that tariff adjust-
ments following the FTA formation are consistent with theoretical expectations, highlighting the
importance of considering the economies of scale in the FTA analysis. Building on this insight,
we then develop a model of a dynamic FTA formation to explicitly examine how economies of
scale shape countries’ incentives to enter FTAs, and the welfare implications that arise from
such agreements. We show that the equilibrium path of FTA formation is fundamentally shaped
by the degree of economies of scale in production technology since it changes both short-run
and long-run incentives of countries to form FTAs.

Our analysis begins by examining how economies of scale influence trade policies within
FTAs, as tariffs changes following agreement formation are crucial for understanding the agree-
ments’ impact on trade and welfare of member and non-member countries. Theoretical and em-
pirical studies remain divided on whether FTAs promote or hinder trade liberalization with non-
member countries; however, both sides of this debate typically overlook the role of economies
of scale in shaping FTA-related trade policy decision. To provide a more comprehensive per-

spective, we develop a theoretical model of FTA trade policy that explicitly accounts for the



economy of scale. It is well known that internal economies of scale are incompatible with per-
fectly competitive markets and are typically a defining feature of models with monopolistic
competition, where economies of scale arise from fixed costs of production in the presence of
constant marginal costs. To allow greater flexibility in the type and degree of economies of
scale, we rely on an oligopoly model of trade in which economy of scale affects the marginal
and average costs of production. This paper, to the best of our knowledge, is the first to in-
corporate variable degrees of economies of scale to analyze both the theoretical and empirical
implications for external tariff setting and the equilibrium path of FTA formation in a dynamic
FTA formation setting.

In contrast to models with constant returns to scale, where domestic and foreign markets
are independent, the economies or diseconomies of scale in our model create strategic interde-
pendence between a firm’s domestic and export sales. Our first theoretical finding demonstrates
the robustness of the tariff complementarity effect, wherein a reduction in the FTA internal tar-
iffs among member countries leads a reduction in the welfare-maximizing external tariffs on
non-members. This effect persists regardless of the sizes of FTAs, the levels of preferential tar-
iffs, and the degree of economies of scale. This is primarily due to the fact that the preferential
market access among FTA members and the discrimination faced by non-member firms reduce
the significance of non-members as a source of rent extraction, thereby incentivizing members
to set lower external tariffs.

Then, we turn our attention to examine how the degree of economies of scale affects the
tariff complementarity effect across FTAs of varying sizes and levels of preferential market
access. From the model, we derive a simple reduced-form relationship between changes in FTA
external tariffs in a sector and its economies of scale. For a given tariff preference, an increase
in FTA size and in the economies of scale within an industry amplify the tariff complementarity
effect, further reducing member countries’ incentives to impose external tariffs compared to
industries with constant or diminishing returns to scale. This amplification occurs because
economies of scale increase efficiency gains from expanded intra-FTA output and trade, reducing
the relative share of non-members’ exports to the FTA and diminishing members’ incentives
for protectionism. As a result, the model predicts a stronger tariff complementarity effect in
industries with economies of scale compared to industries with diseconomies of scale.

We test this prediction by analyzing the response of MFN tariffs to preferential tariff

reductions, using product-level tariff data across all FTAs signed from 1989 to 2014. To capture



the dynamics and evaluate the persistence of the tariff complementarity effect, we estimate the
evolution of MFN tariff adjustments over six years following FTA implementation. Working
with the large sample of diverse FTAs, we have to address the potential endogeneity of the FTA
preference margin, which may arise if economic or political shocks influence both FTA tariff
reductions and MFN tariff adjustments. To address this, we employ an instrumental variable
approach developed by Stoyanov (2024) [9], using tariff preferences from a country’s first FTA
in our sample as an instrument for tariff preferences in subsequent agreements, provided that
the initial FTA was implemented at least three years prior. This strategy mitigates the risk
of contemporaneous shocks contaminating our estimates. In order to categorize industries into
increasing returns to scale and decreasing returns to scale, we use the estimates of the return
to scale parameters from the two recent studies by Bartelme et al. (2024) [7] and Lashkaripour
and Lugovskyy (2023) [27]. If an industry is identified as exhibiting increasing or decreasing
returns to scale in both studies, we classify it accordingly in our analysis.

In line with the predictions of the model, we find that while the tariff complementarity
effect is observed across all industries regardless of their economies of scale, with MFN tariffs
adjusting steadily over the first three years of FTA implementation in response to preferential
tariff reductions. More importantly, industries characterized by increasing returns to scale show
markedly greater reductions in MFN tariffs, a difference that is both statistically and econom-
ically significant. For instance, while a one percentage point increase in the FTA preferential
tariff margin yields less than a 0.01 percentage point decrease in MFN tariffs for industries
in the lowest quartile of economies of scale, this response is more than four times greater for
industries in the top quartile.! These results indicate the significance of economies of scale in
FTA trade policy decisions, suggesting that policymakers in various countries take this aspect
of industry’s technology into account when designing optimal trade policies.

Having established the importance of economies of scale for FTA trade policies, we next
extend our theoretical model to examine how this feature of technology shapes both the welfare
implications of FTA formation and countries’ incentives to participate. Specifically, building
on Lake and Yildiz (2016) [24] and Lake et al. (2020) [26], we construct a dynamic model of

FTA formation with three symmetric countries, incorporating flexible production technoilogy

LOur elasticity estimates are generally lower than those reported in previous studies, likely due to our inclusion
of all FTAs, many of which are between countries with modest trade volumes. When applying our approach to
large FTAs, such as NAFTA, we observe elasticity estimates between 0.1 and 0.25, which aligns more closely
with findings from studies focused on major trade agreements.



into oligopolistic markets to examine how varying degrees of economies of scale influence the
equilibrium path of FTA formation. In this dynamic setting, countries can form only one FTA
per period, within a context where internal FTA tariffs are fully eliminated.

The primary focus of this model lies in examining how different levels of economies of
scale affect the likelihood of expanding FTAs to global free trade. This analysis hinges on two
key factors. First, whether countries already in an FTA have a strategic interest in excluding
an outsider country (the exclusion incentive). Second, whether the non-member country has
an incentive to join the FTA or to remain outside and free-ride on tariff reductions by the
member countries (the free-riding incentive). The balance between these forces determines
the potential for FTA to expand and evolve towards the global trade liberalization. Another
essential component of our dynamic model is the distinction between short-run and long-run
analysis. Specifically, incentives based on payoff comparisons between the current period and
the immediate next period are called myopic incentives, as they primarily capture short-run
considerations. In contrast, when countries compare payoffs in the current period to periods
beyond the immediate next, these are referred to as farsighted incentives, which involve long-run
considerations.

Our analysis is structured to examine free-riding and exclusion incentives both in the short
run and long run. Suppose two countries form an FTA while a third country remains an
outsider. Myopically, the FTA outsider must decide whether to establish a separate FTA with
one of the existing members or to remain outside the bilateral FTA, with the latter choice
indicating that the free-riding incentive dominates. Farsightedly, however, such an FTA may
represent a step toward global free trade, with the long-run policy choice involving a payoff
comparison between global free trade and remaining outside the bilateral FTA. For the FTA
insiders, we first examine whether any of them would benefit from entering into another FTA
with the outsider myopically. Farsightedly, the formation of a second FTA is likely to lead to
global free trade, requiring member countries to weigh the decision to exclude the non-member
or to pursue global free trade through a sequence of bilateral FTAs. In this dynamic setting,
the discount factor serves as a mediator between myopic and farsighted incentives for both FTA
insiders and the outsider, determining whether dynamic free riding and/or dynamic exclusion
incentives arise.

Examining the role of economies of scale, we find that the welfare gain from a bilateral FTA

increases with the degree of economies of scale. This effect arises from the combined benefits of



reciprocal preferential market access and efficiency gains generated by economies of scale, which
yield greater benefits for FTA members. Upon forming the first FTA, its members always have
a myopic incentive to pursue another FTA with the outsider. For the outsider, however, the
decision to form a new FTA with one of the existing members involves a tradeoff of two opposing
forces. On one hand, the outsider gains from tariff reductions by FTA members that arise from
tariff complementarity. That tariff reduction becomes deeper with stronger economies of scale,
thereby reducing the outsider’s incentive to form additional agreements. On the other hand,
the economies of scale increase the value of tariff-free access to a member’s market, eliminating
the discrimination the outsider faces in that market. Importantly, the outsider’s gains from
forming a second FTA with one of the original members are limited, as it merely equalizes
tariffs on imported goods in that market. As such, we find that the outsider consistently holds
a myopic free-riding incentive, hindering any further trade liberalization, and that incentive
becomes stronger as economies of scale within the industry increase.

Turning to the long-run analysis, we find that the FTA outsider always has a farsighted
incentive to participate in an FTA expansion process that ultimately leads to global free trade.
This incentive strengthens as economies of scale increase, revealing a tension between the out-
sider’s myopic and farsighted incentives: while myopically inclined to free-ride and avoid joining
the existing FTA, the outsider farsightedly favors eliminating discrimination in both FTA in-
sider markets through global free trade. For FTA insiders, in contrast, there is no farsighted
incentive to permanently exclude the outsider from FTA expansion. Instead, insiders stand to
benefit from the elimination of tariff barriers imposed by the outsider, especially as economies
of scale amplify efficiency gains through expanded trade. Larger output, coupled with reduced
average production costs, enhances the welfare gains from progressing toward global free trade.
Thus, for insiders, myopic and farsighted incentives are aligned, preventing the emergence of
dynamic exclusion incentives.

The above discussion implies that the expansion of a bilateral FTA toward global free
trade is ultimately dependent on the outsider’s dynamic free-riding incentives. In analyzing
these dynamic free-riding incentives, we find that, relative to constant returns to scale, both
the outsider’s myopic incentive to free-ride and farsighted incentive to achieve global free trade
increase with the degree of economies of scale. However, as economies of scale become stronger,
the rise in the farsighted incentive for free trade dominates the myopic incentive to remain

outsider, thereby raising the critical discount factor below which dynamic free-riding incentives



emerge. Conversely, under diseconomies of scale, both myopic and farsighted incentives get
weaker, though the myopic incentive falls more substantially, again leading to a higher critical
discount factor. Consequently, our results indicate that the threshold discount factor, above
which the first FTA expands toward global free trade, is a convex function of the degree of
economies of scale, reaching its minimum at constant returns to scale. This finding is significant,
as much of the literature assumes constant returns when assessing whether FTA formation acts
as a building or stumbling block for attaining global free trade. Our findings suggest that the
equilibrium path of FTA formation is fundamentally shaped by the degree of economies of scale
in production technology, making global free trade less attainable under either economies or
diseconomies of scale when countries are sufficiently impatient.?

Note that there is a large literature on the preferential trade agreement (PTA) formation
and its implications on the prospects of multilateral free trade in a variety of setting (see Maggi
(2014) [29] and Lake and Krishna (2019) [25] for excellent surveys). The discussion frequently
focuses on how the PTA formation affects the external tariffs on the non-members and whether
the formation of PTAs act as building or stumbling blocs towards global free trade.®> The
theoretical and empirical results are mixed depending on the degree of asymmetry with respect
to market size, technology, endowments and political economy factors (see Aghion et al. (2007)
[1]; Furusawa and Konishi (2007) [18]; Saggi and Yildiz (2010) [43] and Stoyanov and Yildiz
(2015) [49]. Specifically, focusing on the FTA formation incentives, Saggi (2006) [42], Saggi
and Yildiz (2011) [44], Ornelas (2005a) [37] and Stoyanov and Yildiz (2015) [49] employed a
similar oligopoly model of trade as in the present paper with a CRS assumption and thus ignore
the role different degrees of economies of scale play in the PTA formation. Finally, similar to
the present paper, Lake and Yildiz (2016) [24], Lake et al. (2020) [26] and Chi and Yildiz
(2024b) [15] employ a dynamic PTA formation model in examining the equilibrium path of

PTAs. Unlike the present paper, they utilize perfectly competitive models with DRS. Since

2This finding stands in line with the static model of Saggi and Yildiz (2010) [43] who shows that free riding
incentive determines the stability condition of global free trade while exclusion incentive does not get exercised
in an FTA formation game. However, unlike the present paper, note that Saggi and Yildiz utilizes a static
competing exporters model with endowment and asymmetric endowment is needed for free riding incentive to
arise.

3Notable contributions to this body of literature, exploring the implications of PTAs on optimal tariffs,
reduction of multilateral tariffs, and their impact on achieving global free trade, include studies by Krugman
(1991) [21], Bhagwati (1991) [8], Yi (1996) [51], Saggi (2006) [42], Bagwell and Staiger (1997a, 1997b, 1998,
2005a, 2005b) [2, 3, 4, 5, 6], Krishna (1998) [20], Riezman (1999) [41], Bond et al. (2004) [10], Bond (2009) [11],
Goyal and Joshi (2006) [19], Furusawa and Konishi (2007) [18], Aghion et al. (2007) [1], Missios et al. (2016)
[32], Ornelas (2005a, 2007) [37, 38], Saggi et al. [45, 46, 47], Stoyanov and Yildiz (2015) [49], Lake (2017) [23],
Lake et al. (2020) [26], Chi and Yildiz (2024a, 2024b) [14, 15].



the welfare properties of FTAs, and thus the incentives of countries to form FTAs heavily
rely on the scale economies of production technology, this paper aims at filling the gap in the
literature via incorporating flexible degree of economies of scale. The objective is to gain a
better understanding of the equilibrium path of FTAs and whether FTA formation undermines
multilateral trade liberalization in a more general setting.

This paper contributes to the existing literature on trade agreements in three main ways.
First, we show that the tariff complementarity effect is robust regardless of the size of an FTA,
levels of preferential margin, and the degree of economies of scale. The term of tariff comple-
mentarity was first coined by Bagwell and Staiger (1997a) [2] and has since been supported by
various theoretical studies, including those by Saggi and Yildiz (2010) [43], Saggi et al. (2013)
[45] and Ornelas (2005a, 2007) [37, 38]. Unlike the present study, these theoretical papers
assume away the role of economies of scale in the external trade policy setting. From an em-
pirical perspective, Estevadeordal et al. (2008) [16], Calvo-Pardo et al. (2009) [13] and Mai
and Stoyanov (2015) [30] give support for the existence of tariff complementarity. We confirm
these findings and go one step further and examine how the nature and the degree of economies
of scale affect the external tariffs of the FTA member countries. Our results imply that scale
economies play pivotal roles in FTA trade policy decisions, suggesting that policymakers should
take it into account when designing optimal trade policies. Second, while there is a large liter-
ature on the static and dynamic preferential trade agreement (PTA) formation that examines
the implications of PTAs for the prospects of multilateral free trade in a variety of settings, the
roles of the presence and degrees of economies of scale have been completely ignored.

Finally, similar to the present paper, Lake and Yildiz (2016) [24], Lake et al. (2020) [26]
and Chi and Yildiz (2024b) [15] employ a dynamic PTA formation model in examining the
equilibrium path of PTAs. Unlike the present paper, they utilize perfectly competitive models
with DRS. Since the welfare properties of FTAs, and thus the incentives of countries to form
FTAs heavily rely on the scale economies of production technology, this paper aims at filling
the gap in the literature via incorporating flexible degree of economies of scale. The ultimate
objective is to gain a better understanding of the equilibrium path of FTAs and whether FTA

formation undermines multilateral trade liberalization in a more general setting.

“However, not all findings support this concept Liméo (2006) [28] disputes it and provides a strong evidence
for tariff substitutability in developed countries by showing that the EU and US increased their tariffs after
forming PTAs.



2 Theoretical Model

Our theoretical framework builds upon an adapted version of the oligopoly trade model
introduced by Brander and Krugman (1983) [12]. We consider n symmetric countries, indexed
by ¢. There are two industries: a perfectly competitive numeraire industry, labeled y, and
oligopolistic non-numeraire industry, labeled z. Firms in industry = engage in Cournot compe-
tition and produce homogeneous product.

On the demand side, the representative consumer’s utility function is quasi-linear
Ui (i, yi) = u; (z:) + yi (1)

2
where the subutility u;(z;) is quadratic, defined as w;(x;) = ax; — % The term x; represents the

total consumption of x in country ¢, which is the sum of consumption of domestically produced
n
good and imports of = from all other countries: z; = > x;,. This formulation leads to a linear
z=1
demand function for product x in country i :

Di =0 — T (2)

where p; denotes the price of good x in country <.

On the production side, the numeraire good y is produced by perfectly competitive firms
operating under constant returns to scale technology, and is freely traded internationally. In
contrast, good z is produced in an oligopolistic market, with one profit-maximizing firm oper-
ating in each country. Since there is only one firm in each country producing good z, we use
the same index i to denote both the countries and their respective firms in industry z. All

oligopolistic firms are symmetric and share the following quadratic cost function:

Ci (¢i) = cq; — 6¢q; (3)

where ¢; denotes the total production of good z by firm ¢, which is the sum of its sales across

n
all countries ¢; = Y ¢;».
z=1



The parameter ¢ in the cost function captures the extent of economies of scale:

> 0 if there are Economies of Scale,
0 = q =0 if there are Constant Returns to Scale, (4)

< 0 if there are Diseconomies of Scale

Most existing studies that use the oligopoly model of trade assume constant marginal cost,
implying § = 0, which corresponds to the constant returns to scale technology. In contrast, we
adopt a more flexible framework that allows for both increasing and decreasing returns to scale.
We use the quadratic cost function for analytical tractability, though it is important to note
that this formulation produces results equivalent to those obtained from a general Cobb-Douglas
production function. In fact, there is a one-to-one correspondence between the parameter § in
our cost function and the sum of the exponent parameters in the Cobb-Douglas production
function. This relationship between the parameter ¢ in the cost function (3) and Cobb-Douglas

parameters is discussed in more detail in the appendix.

2.1 Optimal outputs and tariffs

Let t;, denote the specific tariff imposed by country ¢ on imports of product x from country
z, and let t; represent the vector of tariffs that country ¢ imposes on all its trading partners.
Given the tariffs faced by firm ¢ in all markets, the firm solves the following profit-maximization

problem:?

max m;(t) = sz(t)ziz(t) —cqi(t) + 6¢2 (¢ th%z ,i=1,2. (5)

iz ki

where t represents the tariff vector across all countries, involving external tariffs for each market.
The Cournot Nash equilibrium for output and prices can be derived under any given trade
policy regime, as shown in the appendix. It is important to note here that the presence of
economies of scale creates a link between a firms’ domestic and export market outputs. This
interdependence of firms’ strategies implies that, unlike under constant returns to scale, the
markets are not strategically separated, and change in sales in one market affects the marginal
cost of production for sales in all other markets.

Given the equilibrium prices and export volumes across all countries, the national welfare

°It is important to note that t;; = 0 since countries do not impose tariffs on domestic firms, and there are no
tariffs on the numeraire good.
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of country i, denoted by W;(t), is defined as the sum of consumer surplus (CS;), producer

surplus (PS;), and tariff revenue (T'R;):%

Wi(t:) = wi(xi(ts)) — pi(ts)zi(ti) + m (t:) + E tis®s (6)
g 2#i
TR, (t)

Using this welfare function, we can obtain welfare-maximizing tariffs under various trade regime.
We are primarily interested in two trade regimes: one in which no trade agreements exist, and
the other where a group of countries form a trade agreement.

In the absence of a trade agreement, each country independently sets its optimal non-
discriminatory MFN tariff on product z, as required by Article I of the GATT. We refer to
the trade regime without trade agreements as ¢. Non-discrimination implies ¢;, = t;(¢) for all

z # 1. The optimal MFN tariff of country i is calculated as
ti(¢) = arg max W, [¢]

Next, consider a scenario where m countries form an FTA. Since all countries in the model
are symmetric, adjusting m allows us to vary the size of the FTA relative to non-members.
Naturally, the tariff complementarity effect is stronger in FTAs formed between major trade
partners and weaker in FTAs involving countries with less trade, as we demonstrate below. The
parameter m shows how the size of preferential trade between FTA partners affects the tariff
complementarity.

Let M denote the set of member countries and K the set of non-member countries under this
FTA. We assume that countries i and j are generic member countries (i,j € M), and countries
k and r are generic non-member countries (k,r € K). We denote a trade regime under such
FTA as f, under which member countries grant preferential access to each other by imposing
a preferential tariff 7; on intra-FTA trade. At the same time, each member country retains the
ability to impose independent external MFN tariff ¢;(f) on imports from non-member countries,
where 7; < t;(f). The optimal MFN tariff of a member country under trade regime f is obtained
as:

t;(f) = argmax W, [f] subject to t;, = 7; for z € M and z # 1,
3

5We report all supporting calculations and proofs in the appendix.
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while the non-member countries set their MFN tariffs according to:
te(f) = argm’?xW/y€ [f] for ke K

We now turn to the analysis of how three key factors — the size of an FTA (m), preferential
tariffs (7) and the degree of economies of scale (§) — influence the external tariffs imposed by
member countries on non-members following the transition from no agreement (trade regime ¢)
to the FTA (trade regime f). However, to understand the changes in external tariffs, we must
first consider how FTA formation affects trade flows among members and non-members.

When an FTA is formed, production in member countries will increase in response to
preferential access to each other’s markets. The increase in production will be stronger in
IRS industries and weaker in DRS industries. For the given preferential tariffs, this response
is further amplified by the size of the FTA, as greater market access enables firms to lower
their average costs more significantly in IRS industries, raising their mark-ups. In contrast,
non-member countries face discrimination in members’ markets and do not benefit from the
economies of scale as much as the FTA members enjoy. As a result, the market shares of FTA
member firms relative to non-member exporters rises in FTA member countries, particularly
in industries with stronger economies of scale. To quantify the impact of FTA formation on
external tariffs, let At;(¢ — f) = t;(¢) — t;(f) denote the change in the MEFN tariffs imposed by
member country ¢ on imports from non-member countries following the formation of an FTA.
The resulting shift in production structure between member and non-member countries, driven
by preferential market access, economies of scale, and the size of the FTA, leads us to the first

main result of this section, summarized in the following proposition.

Proposition 1. Suppose there are n countries and m of them form an FTA. Then the following

holds:

(i) Regardless of the size of the FTA (m) or the degree of economies of scale (), the tariff

complementarity effect always holds for the given level of preferential tariffs (1): At;(¢ —
f)>0.

(ii) For the given level of preferential tariffs, the strength of the tariff complementarity effect

increases with the the degree of economies of scale (6 ).

12



(iii) For the given level of preferential tariffs (1), the positive effect of the degree of economies

of scale on the tariff complementarity gets stronger as the size of an FTA (m) rises,.

The first part of the proposition establishes that, irrespective of the size of the FTA, the
level of preferential tariffs, or the degree of economies of scale, member countries have an
incentive to reduce their external tariffs on imports from non-member countries following the
formation of the FTA. The rationale behind this result lies in the preferential access between
member countries, which diminishes the importance of non-member firms as a rent extraction
source in the markets of FTA members, thus reducing the incentive to maintain high external
MFN tariffs. As a result, the reduction in external tariffs on the imports from non-member
countries At;(¢ — f) > 0 consistently holds. This mechanism is known in the literature as the
tariff complementarity effect, a term introduced by Bagwell and Staiger (1997) [?].

The second part of the proposition extends the analysis by examining how the rate of
reduction in the external MFN tariffs of FTA members changes with the level of economies of
scale. It states that, for a given size of the FTA and level of preferential tariffs, the presence of
increasing returns to scale amplifies the tariff complementarity effect. The logic is as follows:
economies of scale boost efficiency gains from increased intra-FTA output and trade, which
reduces the relative share of non-members’ exports to the FTA and further diminishes members’
protection incentives. Consequently, a higher rate of reduction in the external MFN tariffs of
FTA members occurs in industries with economies of scale compared to industries with CRS
and those with diseconomies of scale.

The third part of the proposition examines the interaction between the FTA size and
economies of scale on the change in the tariff complementarity effect for the given level of
preferential tariffs. We find that an increase in FTA size strengthens the impact of economies
of scale on the rate of external MFN tariff reduction of FTA members. Intuitively, as the FTA
expands and FTA members impose lower internal tariffs on each other, intra-FTA production
and trade increase further, boosting efficiency gains due to a higher degree of economies of
scale. This would further reduce the relative share of non-members’ exports to FTA members,
making rent extraction for FTA members from FTA non-members less significant. As a result,
FTA members have a greater incentive to lower their external tariffs on export from FTA

non-members.
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Figure 1: Tariff Complementarity Effect (« = 1,n = 5)

Figure 1 illustrates the relationship between the change in external MFN tariffs of FTA
members on exports from the FTA non-member and the degree of economies of scale for the
given level of preferential tariffs and FTA size, providing a visual representation of the entire
proposition outlined above. First, note that, for the given level of preferential tariffs, all curves,
representing the reduction in external MFN tariffs of FTA members on non-members, remain
above the horizontal axis, and thus the tariff complementarity exists regardless of the degrees
of economies of scale and FTA size (part (i) of Proposition 1). Next, for any given size of the
FTA and level of preferential tariffs, the positive slope of the curves indicates that the tariff
complementarity effect becomes stronger as the degree of economies of scale increases (part (ii)
of Proposition 1). Finally, for all levels of preferential tariffs, as the size of the FTA increases,
the external MEN tariff reduction curves shift upward, reflecting the interaction effect described
in part (iii) of Proposition 1.

The results presented above confirm the presence of the tariff complementarity effect in
FTAs, which has been empirically validated in studies such as Estevadeordal et al. (2008) [16],
Mai and Stoyanov (2015) [30], Kuenzel and Sharma (2021) [22], Lim&o (2006) [28] provides
contradictory evidence in his analysis of U.S. tariffs. Our model confirms the existence of
tariff complementarity within a more general framework that incorporates flexible economies
of scale. Furthermore, the model offers new insights into how the degree of economies of scale
influences the strength of the tariff complementarity effect in FTAs. These insights yield a

testable hypothesis, which will be explored empirically in the following section.
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3 Empirical Evidence

In this section, we present empirical evidence supporting the main mechanism in our theo-
retical model. Our analysis shows that industries with stronger economies of scale experience a
more pronounced tariff complementarity effect, as preferential tariff reductions in FTAs result
in more significant declines in the MFN tariffs. These findings confirm that economies of scale
significantly influence FTA trade policies, motivating a deeper theoretical investigation in the

next section of how scale economies affect the formation and structure of FTAs.

3.1 Empirical framework for estimating tariff complementarity

Estimating the impact of economies of scale on tariff complementarity requires a robust
methodology for capturing the dynamics of tariff reductions following FTA formation. Most
existing studies in the literature focus on individual FTAs, which limits the generalizability of
their findings. By concentrating on a single FTA or a specific country, these studies often rely
on context-specific factors that may not apply universally, thus restricting their relevance to
broader trade policy discussions.

In this paper, we aim to analyze tariff complementarity across a wide range of FTAs using
data from multiple agreements, thereby enhancing the reliability of our results and ensuring
that our conclusions are not limited by the specifics of a single FTA. However, working with
a large sample of FTAs introduces several methodological challenges as we discuss below. To
navigate these issues, we build upon the framework developed by Bi and Stoyanov (2024) [9],
whose recent study introduces a flexible approach for estimating tariff complementarity that
can be applied broadly across different FTAs. In this section, we outline their methodology and
explain how we adapt it to estimate the impact of economies of scale on the strength of tariff
complementarity within FTAs.

Building on the work of Bi and Stoyanov (2024) [9], the empirical strategy for estimating

the tariff complementarity effect is based on the following model:

ATMFNCM = BTATPMcm' X PScnz + phe + i + Un + Ecin. (7)

In equation (7), the subscripts ¢ and 7 denote country and product, respectively, while n denotes
the FTAs index for country c. If a country has multiple FTAs in place, this setup treats each

FTA of a country as a separate cluster of observations.
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The dependent variable, ApM F N¢,;, represents the change in the MFN tariff rate for
product i by country ¢ between the last year prior to the FTA n (t = —1) and year T after the
FTA’s implementation (t = T): ApMF N.p; = MFN;T[l — MFN;Z-T. The main explanatory
variable is the product of two components. The first is ApPM,,;, which is the tariff preference
margin in industry 4, granted by country ¢ under FTA n in year T. More formally, the tariff
preference margin is constructed as (M F N;Ti_l — PTCt;-T), which is the difference between
country ¢’s MFEN tariff the last year before the FTA’s commencement and its preferential tariff
in year T of the FTA.” In this way, the variables A7 PM, for 1 < T < 6, capture the evolution
of preferential tariff of FTA n over the first six years of the agreement.

The second term on the right-hand side in equation (7), PScy;, represents the share of
imports originating from countries eligible for tariff preferences under FTA n. Proposition 1
suggests that the tariff complementarity effect within an FTA is influenced not only by the level
of tariff preferences, but also by the size of the agreement. Specifically, it implies that, for a
given level of economies of scale in an industry, the strength of tariff complementarity increases
as the size of the FTA grows and the preferential tariff falls. To align our empirical framework
with the theoretical model, equation (7) interacts the tariff preference on the right-hand side
with the share of imports that come from FTA partner countries. This interaction term allows
us to capture the theoretical prediction that tariff complementarity will be stronger in FTAs
between major trade partners, where the share of trade is higher, and weaker in FTAs involving
countries with less trade. To minimize potential reverse causality problem, we use trade data
from the last year before the FTA to construct PS.,; variable.

To summarize the discussion above, we expect that more extensive FTA tariff preferences
granted within an FTA will result in deeper reductions in the MFN tariff, and more so in
industries with larger presence of firms from FTA partner countries. Therefore, tariff comple-
mentarity between preferential and MFN tariffs imply Sr > 0. To capture the dynamic effects
of preferential trade liberalization on MFN tariffs, we estimate model (7) over different time
horizons (1 < T < 6), allowing us to identify how external tariff adjustments evolve in response
to tariff preferences over the first six years of the agreement.

A key challenge in estimating the causal effect of FTA tariff preferences on MFN tariffs

using model (7) is the potential endogeneity of the main explanatory variable. The preferential

"To mitigate concerns of simultaneity with the dependent variable, we use the MFN tariff from the last year
before the FTA to construct the preference margin for subsequent years.
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market share, PS.,;, may be endogenous due to reverse causality — where the initial MFN tariff
level affects trade with FTA partner countries differently than with other countries or due to
omitted variables that simultaneously influence both a country’s import composition and its
trade policy decisions. To address this, we employ an instrumental variable for PS.,;. This
instrument is constructed as the total exports of FTA partner countries relative to the global
trade value of the corresponding product (excluding exports to country ¢). This instrument
is plausibly exogenous to country c¢’s MFN tariff, as it is independent of its domestic market
conditions, while also being relevant since it captures the comparative advantage of ¢’s trade
partners.

The second source of endogeneity stems from the potential endogeneity of the FTA prefer-
ence margin variable, A7 PM_,;. Although preferential tariffs are generally negotiated prior to
FTA implementation and are thus pre-determined relative to subsequent MFN tariff changes,
the time window between these negotiations and subsequent tariff adjustments is often too
short to completely rule out co-determinants. Persistent economic or political shocks in coun-
try ¢ may simultaneously affect the government’s decision regarding both the pace of FTA tariff
reductions and the adjustment of MFN tariffs shortly after the FTA takes place.

We address this challenge with the instrumental variable strategy as well. Specifically, we
instrument ApPM,,; with the tariff preference granted by country ¢ on imports of product 4
under its first FTA in our database, provided that this initial FTA was formed at least three years
prior to FTA n. Since the tariff preferences from the first FTA were implemented at least three
years before subsequent agreements, this instrument remains unaffected by any socioeconomic
shocks that may have affected later FTA negotiations. Furthermore, the instrument is highly
relevant in the first stage, as it reflects country c’s historical protectionist tendencies, which
tend to favor certain industries regardless of current market conditions. On the downside,
this strategy reduces the sample size by excluding each country’s first FTA, along with any
subsequent FTAs signed within three years of that first one, resulting in a loss of data for some

countries and agreements.

3.2 Data

Estimating the heterogeneity of tariff complementarity across industries requires three sets
of data: trade flows, tariff schedules, and measures of industry-specific economies of scale.

Below, we describe how we construct the measure of economies of scale and describe the publicly
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available sources for trade and tariff data.

The data on trade flows, import tariffs, and FTA membership are obtained from Saggi
et al. (2018) [46], who sourced the original data from the World Integrated Trade Solutions
(WITS). The dataset spans the period from 1989 to 2014 and provides an unbalanced panel
covering 192 importing countries and 253 exporting countries, and 5,413 product categories,
classified at the 6-digit HS level.

In our study, the parameter measuring industry’s economy of scale plays a central role in
the analytical framework. To obtain a measure of the economies of scale, we draw on two recent
studies that provide estimates the return to scale by industry. The first study by Bartelme et
al. (2024) [7] estimates the economy of scale parameter for 34 industries classified at 2-digis SIC
level, using data on sector size and observed trade shares as a source of identifying variation.
The second study by Lashkaripour and Lugovskyy (2023) [27] employs firm-level trade data from
Colombia to estimate the return to scale for 14 sectors based on the ISIC Rev.3 classification.
We map both estimates into 2-digit HS industry classification using WITS concordance tables.

It is important to note that there is a significant disparity between the return to scale
estimates provided by Bartelme et al. (2024) [7] and Lashkaripour and Lugovskyy (2023)
[27], with the negative sample correlation between the two sets of estimates. The parameters
produced by both studies are likely subject to significant measurement error, and there is no
objective test available to evaluate reliability of the return to scale parameter estimates.

To minimize the effect of measurement error on our analysis, we avoid using the continuous
measure. Instead, we classify industries into three distinct categories: those with increasing
returns to scale, those with decreasing returns to scale, and the remaining group of unclassified
industries. If an industry is identified as featuring IRS in both Bartelme et al. (2024) [7]
and Lashkaripour and Lugovskyy (2023) [27], we categorize it as such. Similarly, industries
that are consistently classified as DRS in both studies are treated as DRS. For the remaining
industries with inconsistent classification between the two sets of estimates, we assign them to
a category with undetermined economy to scale and treat them as a reference group in our

empirical analysis.

18



3.3 Testing Proposition 1(iii): FTA Size, Economies of Scale, and Tariff

Complementarity

Proposition 1(iii) states that the tariff complementarity effect becomes stronger both with
the degree of economies of scale and with the size of an FTA. Accordingly, the reduction in
MFN tariffs in response to a 1% preferential tariff cut should be larger when the industry is
characterized by increasing returns to scale and the FTA is larger. This prediction motivates the
following extension of model (7), which tests whether industries featuring stronger economies

of scale experience greater reductions in MFN tariffs when participating in larger FTAs.

ATMFNein = > 87 DX ApPMein x PSein + BrATPMein X PSein + fic + i + pin + €cin (8)
X=I,D

Here, DX is an indicator variable that takes the value of 1 if industry i has either IRS (X = I)
or DRS (X = D), and zero otherwise. The unclassified industries serve as the reference group,
so the coefficients S measure the average tariff complementarity in sectors where the degree
of economies of scale is indeterminate. Consistent with Proposition 1(i), we expect Sp > 0
even for industries in the reference group, reflecting that tariff complementarity holds across all
sectors. The main coefficients of interest are ﬁ{r and qu , which measure how the strength of tariff
complementarity differs between IRS and DRS industries relative to this benchmark. According
to Proposition 1(iii), ttariff complementarity should be stronger when both the import share
of FTA partner countries and the degree of economies of scale are larger; therefore, we expect
ﬁ% > 0. Conversely, in industries characterized by diseconomies of scale, the responsiveness of
MFN tariffs to preferential tariff cuts should be weaker, implying ,6’7[3 < 0. Nevertheless, tariff
complementarity remains positive even in DRS industries, which requires that (BT + ﬂr? ) > 0.
Column (1) of Table 1 present the benchmark results for tariff complementarity across all
industries based on equation (7). As expected, the coefficients S are positive and statistically
significant for all T < 6, and the results are very consistent across specifications. This supports
prior findings of numerous studies that demonstrate strong evidence of tariff complementarity
between internal and external tariffs within an FTA. To contextualize the magnitudes of our
estimates, the average trade share across all FTA partners and industries in our sample is 3.8%.
Thus, the estimate B\Tzl = 0.289 implies that a one percentage point increase in FTA preference

margin results in an average reduction in MFN tariff by 0.289 x 0.038, or by 0.01 percentage
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points.

This elasticity of MFN tariff with respect to preferential tariff of 0.01 is notably smaller
than most estimates in the literature. For example, Estevadeordal et al. (2008) [16] estimate a
one-year elasticity of 0.1 for FTAs between a group of Latin American countries, while Mai and
Stoyanov (2015) [30] place it in the range of 0.06 — 0.3 for the Canada-US FTA. The difference
between previous estimates and ours primarily arises from the fact that previous studies have
largely focused on FTAs between major trade partners with significant bilateral trade shares.
In contrast, our results are derived from a broader sample of FTAs, most of which involve
smaller countries with relatively modest trade volumes. When applying our estimates to the
Canada-US FTA, we find that larger trade volumes result in elasticity estimates of 0.07 for the
US and 0.2 for Canada, which are broadly in line with the existing studies.

Next, we turn to the results from specification (8), which estimates tariff complementarity
separately for the three industry groups. Our theoretical model predicts that tariff comple-
mentarity should hold across all industries, as illustrated in Figure 1, and this prediction is
supported by the data. The estimates of fp for industries with unclassified economy of scale,
reported in column (2) of Table 1, are all positive and statistically significant, with magnitudes
similar to those derived from the full sample. Similarly, tariff complementarity is present in
IRS and DRS industries as well. The estimate of (,BT + 5711) for IRS and (BT + ﬂ? ) for DRS
industries, shown in columns (5) and (6), are also positive and significant in all years except
for one. This confirms that while tariff complementarity still holds even in DRS industries,

reinforcing the robustness of the complementarity effect across different industry groups.

More importantly, in line with our theoretical model, we find that tariff complementarity
is significantly more pronounced in industries with IRS compared to those with DRS. The
estimates of 57{ are positive and statistically significant across all time horizons, indicating that
a one percentage point increase in the preferential tariff margin leads to deeper MFN tariff
reductions in industries with IRS relative to the reference group. In contrast, the estimates
of 5713 show no clear pattern, with most of the coefficients being statistically insignificant and
indistinguishable from zero. The only statistically significant coefficient among them is negative.
Consequently, as indicated in column (7), the difference in tariff complementarity between IRS
and DRS industries, (57{ — 61’? ), is positive for all T and statistically significant at the 10%

level in all but two years. Figure 2 presents the coefficients B% and 5:? from columns (3) and
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Table 1. Estimation results for model (E2)

(1) (2) (3) (4) (5) (6) (7)
Baseline Br B B Br+ Br fr+ B pr'- prP
PM(T=1)  PS 0.289*** 0.221%** 0.987%* 0.009 1.207*%* 0.230*** 0.977*
- (0.053)  (0.050)  (0.502)  (0.093) (0.501) (0.079) (0.506)
PM(T=2) x PS 0.340%** 0.312%** 0.315* 0.004 0.626*** 0.316%** 0.311
- (0.043) (0.049) (0.191) (0.074) (0.189) (0.064) (0.196)
PM(T=3) x PS 0,189%** 0.175%** 0.333%%* -0.033 0.508*** 0.143%** 0.365%**
) (0.030)  (0.041)  (0.128)  (0.048) (0.124) (0.033) (0.126)
0.376*** 0.529*** 0.569** -0.267%** 1.098*** 0.261*** 0.836%**
PM (T=4) x PS
(0.089)  (0.078)  (0.259)  (0.094) (0.255) (0.062) (0.259)
0.337%** 0.342%** 0.617%** -0.329 0.958*** 0.012 0.94p***
PM(T=5) x PS
(0.022)  (0.014)  (0.133)  (0.233) (0.134) (0.234) (0.256)
0.249%** 0.218%** 0.160%* 0.067 0.378*** 0.284%** 0.093
PM(T=6) x PS
(0.029)  (0.011)  (0.068)  (0.059) (0.068) (0.059) (0.087)

Notes: The dependent variable represents the cumulative change in the MFN tariff over the first T years of an FTA. * significant
at 10%, ** significant at 5%, *** significant at 1%. Standard errors, shown in parentheses, are calculated at the country levels,
All specifications include country and HS6 product fixed effects.

(4), illustrating the dynamic response of MEFN tariff changes to FTAs across IRS and DRS

industries, with a striking contrast between the two.®

The contrast between IRS and DRS industries extends beyond their differential responses
and becomes even more striking when we examine the magnitudes of tariff complementarity.
The elasticity of MFN tariffs with respect to the FTA preference margin, averaged across all
T € [1;6], is significantly higher for industries with IRS, standing at 0.031. By comparison, the
elasticity in DRS industries is four times smaller than in IRS industries, at just 0.008, while the
reference group of unclassified industries has an elasticity of 0.011. This substantial disparity in
trade policy responses to FTAs demonstrates the importance of recognizing distinctions between
industries based on their economies of scale for an endogenous trade policy analysis. Our results
reveal that the strength of tariff complementarity differs significantly across industries with
varying economies of scale. Notably, most of the tariff complementarity effect is concentrated
in IRS industries, where the impact is much stronger, aligning closely with our theoretical

predictions about the role of economies of scale in shaping the response of external tariffs to

FTAs.

8We report an additional robustness check on pre-FTA MFN tariff changes in Appendix Section 9.4 (Table
A1), which shows no evidence of differential pre-trends between IRS and DRS industries.
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Tariff complementarity in IRS vs DRS industries
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Figure 2: Tariff Complementarity Effects Across IRS and DRS Industries: Estimates from
Columns (3) and (4) of Table 1

4 Testing Proposition 1(ii): Tariff Complementarity under the

Unrestricted Empirical Specification

In Section 3.3, we introduced the baseline specification (8) which provides a parsimoneous
framework for testing part (ii) of Proposition 1. Its appeal lies in simplicity: the test centers
on two coefficients, ﬂ% and B:lrj , whose predicted signs are derived directly from Proposition 1,
part (iii). Evaluating their magnitude and significance provides a straightforward way to assess
whether tariff complementarity strengthens with economies of scale, preferential tariff reduc-
tions, and preferential market shares.

The drawback of specification (8) is that it is restrictive: most double-interaction and
single-variable terms are constrained to zero. To relax these restrictions, we now estimate a

fully flexible specification that includes the complete set of interactions and their components:
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ArMFNen = Y B7 D x ApPMein X PSein + B3P Sein X Ap PMein+
X=I,D

+ Z YE D x PSein + 9P Sein+
X=I,D

+ Z 68 DX x ApP My, + S AT P Mei, + fie + i + pin + cin 9)
X=I,D

Industry dummies Dl-I and DiD do not enter individually, as their effects are absorbed by
the industry fixed effects ;.

Under this extended specification, the difference in tariff complementarity between indus-
tries with increasing and decreasing returns to scale can no longer be captured by a single
coefficient, as in (8). Instead, the relevant comparisons requires evaluating multiple terms si-
multaneously. To illustrate, the difference in tariff complementarity between industries in the

IRS and DRS groups takes the form:

ArMF Ny - DY — ApMFNegy, - DP = (85 — BR) ArPMein, X PSein+

+ (v =) PSein + (65 — 68) ArPMein, (10)

Unlike in the restricted model, where this difference was determined entirely by a single regres-
sion coefficient and therefore had a constant sign for any values of A7 PM and P.S, expression
(10) shows that in the full model the sign and magnitude of the difference may vary with the
levels of preferential tariffs and market shares.

To ground this specification in the theoretical framework, we turn to Proposition 1, part
(ii). The model predicts that, for any given preferential tariff and market share, tariff com-
plementarity in the IRS industries should be stronger than in the DRS industries. Translating
this prediction into empirical terms implies that expression (10) should be positive across the
relevant support of ApPM and PS. To test this, we estimate the full regression model (9) at
different time horizons 7', substitute the estimated coefficients into (10), and examine whether
the implied difference is consistently positive.

We present the results in Figure 3. Because the test derived from equation (10) depends

jointly on the values of preferential tariffs and preferential market shares, we place these variables
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on the axes of the graph. The horizontal axis represents the preferential market share PS, while
the vertical axis represents the preferential margin ArPM. To ensure comparability across
industries, the scale of each axis is set from zero to the approximately 95" percentile of the
distribution of the corresponding variable in the data (16 percentage points for the preferential
tariff margin and 0.25 for the preferential market share). The figure contains eight panels, each
corresponding to one time horizon 7', allowing us to visualize the results across different lags.
Each panel of the figure contains two threshold lines. The solid red line represents the
theoretical threshold condition implied by equation (10) when coefficients (-s, v-s and J-s are
set to the values estimated from equation (9). The dark blue region below this line represents
the combinations of ApPM and PS for which expression (10) is negative, implying that tariff
complementarity is stronger in DRS industries than in IRS industries — contrary to the the-
oretical prediction. Figure 3 shows that such violations are nearly absent across the relevant
range of the data. Only for 7' = 3 do we observe a small region where the expression in (10)
is negative, and even then it contains only 0.32% of all observations in our data. For other
periods, there is even more support for the theoretical prediction that tariff complementarity is
greater in IRS industries than in DRS industries, as the regions where condition (10) is negative

are very small.

Furthermore, the share of observations in our data that fall into those regions is smaller
still: 0.1% in Year 1, 0.06% in Year 2, and 0.02% in Year 8. This means that in the observed
data, when we restrict attention to positive preferential tariffs, the fraction of observations for
which tariff complementarity would appear stronger in the DRS industries than in the IRS
industries is vanishingly small.

The dotted line in Figure 3 provides a conservative check on the robustness of these results.
Whereas the solid line is derived directly from condition (10) using the point estimates of the
B, v, and ¢ coefficients, the dotted line shows what the rejection region would look like if
we pushed the parameters to the limits of their statistical confidence. Specifically, we replace
these parameters by the values at the bounds of their 95% confidence intervals in a way that
maximizes the rejection region: taking the upper bound for ('y:IF — 'yrf) ) and the lower bounds for
(ﬁ% — ﬂ:,Q ) and (&_Ip — 57[3 ) This combination steepens the threshold curve as much as possible,
thereby creating the maximum potential rejection region, highlighted in light blue in Figure 4.

Figure Figure 3 demonstrates that even under this conservative approach, the rejection
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Figure 3: Difference in Tariff Complementarity Effects between IRS and DRS Industries

region remains relatively small. Only for 7' = 3 and T' = 5 do we observe a visible shaded region,

and even then its size is modest relative to the overall support of the variables. Moreover, if

the three parameters were independent, the probability of simultaneously drawing values that

generate such a region would be on the order of 0.05%, which is extremelly small. Thus, we view

these results as further evidence that tariff complementarity is systematically stronger in IRS

industries. Importantly, this conclusion is based on estimates from a fully flexible, unrestricted

empirical specification, confirming that our main findings are not driven by the constraints of

the baseline model but hold even under the most general empirical framework.

Having both theoretically and empirically established the fact that the external tariffs of
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member countries are largely affected by different degrees of economies of scale, we next turn
our attention to the incentives of countries to form FTAs and how different degrees of economies

of scale affect such incentives.

5 Dynamic FTA Formation

In this section, we employ the same oligopoly model of trade outlined in the previous
sections and examine the dynamic FTA formation in the WTO world where member countries
eliminate their internal tariffs consistent with the Article XXIV of the GATT. We can treat
this analysis as the long run where phase-out period ended. We consider three symmetric large
open countries ¢, j, and k. Borrowing the terminology from the existing network literature,
countries are treated as nodes in a ”graph,” and the bilateral FTA links between countries are
viewed as edges on this graph.” The graph, symbolized as g, represents the array of bilateral
FTA connections between countries. Henceforth, g will be referred to as the network of FTAs.
Figure 4 provides visual representations of these potential networks. The “empty network” g,
emerges in the absence of any FTAs while g;; is the “FTA insider-outsider network” in which the
FTA non-member k is the “FTA outsider” and the FTA members i and j are “FTA insiders”.
gZH is the “hub-spoke” network where countries j and k are “spokes” and each have an FTA with
country i who is the “hub”. Finally, g% is the “global free trade network” where all countries
are linked through FTAs.

Under the empty network g4, Article I of the GATT forbids tariff discrimination and thus
all countries simultaneously choose their respective non-discriminatory MFN tariffs: ¢;;(g4) =
tin(94) = ti(gs) = argmaxw;(gz). In the case of an FTA insider-outsider network g;;, unlike
our previous tariff analysis, internal tariffs are eliminated between insiders: t;; = t;;, = 0 while
each country retains autonomy in setting its owns external tariffs on the outsider country. The
outsider country, in turn, imposes the MFN tariff on both insiders. Similarly, under a hub-
spoke network gZH , the hub country imposes zero external tariffs on spokes while spokes impose
external tariffs on each other: ¢;; = 0,t;; = 0,¢;, = 0,t; = 0.

In this section, we focus on optimal applied tariffs. Our first finding suggests that, regardless

of the FTA networks, countries have incentives to impose higher external tariffs as ¢ rises,

?Some notable works that have used this terminology for PTAs include Goyal and Joshi (2006) [19], Furusawa
and Konishi (2007) [18], Xue et al. (2013) [50], Lake and Yildiz (2016) [24], Lake (2017) [23], Lake et al. (2020)
[26], and Nken and Yildiz (2022) [35].
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implying higher optimal tariffs with a greater degree of economies of scale:

oti(g)
00

> 0, where g = g(b)gljmgzkvg]/mg]]{ and glf (11)

The intuition behind the above result is as follows: as J rises, an increase in the production
leads to lower unit cost of production leading to a higher mark. As a result, each country has
incentive to impose higher external tariffs to protect domestic market and extract rent from
exporters.

First, we confirm our result in Proposition 1 regarding the tariff complementarity: regard-
less of the degree of economies of scale, upon formation of a bilateral FTA, insiders have an
incentive to lower their tariffs on the FTA outsider and this tariff complementarity effect deep-
ens as the degree of economies of scale becomes stronger: At;x(9s — gij) = ti(9¢) — tir(gij) > 0
for all § and W > 0. Then, we find that the same holds for an additional bilateral

FTA under g;;, leading to a hub and spoke regime: Aty;(gi; — gi7) = t1(gi5) — ti(gF) > 0
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for all § and %{M > 0.

As indicated before, the existence of economies of scale creates a link between outputs
of a firm in the domestic and export markets and thus, unlike the constant returns to scale,
markets are not strategically separated. This implies that FTA formation affect the external
tariffs of the non-member country under a bilateral FTA. Next, we turn our attention to how a
bilateral FTA formation affects the outsider’s tariffs. We know from Missios et al. (2016) [32]
and Saggi et al. (2018) [46] that the FTA outsider has an incentive to reduce its tariffs on the
imports from FTA insiders due to external trade diversion under perfectly competitive markets
with increasing marginal costs. The intuition is as follows. When two countries liberalize trade
on preferential basis, they import more from each other and start exporting less to the third
country. This phenomenon is called as external trade diversion, leading higher elasticity of
export supply of insiders and thus lower external tariff of the outsider. Unlike the perfectly
competitive markets in Missios et al. (2016) [32] and Saggi et al. (2018) [46], we employ
an oligopoly model of trade with flexible degrees of economies of scale and argue that how a
bilateral FTA formation changes the external trade diversion and thus the response of the FTA
outsider’s external tariff heavily depend upon the nature of the economies of scale. We find
that, as in Missios et al. (2016) [32] and Saggi et al. (2018) [46], external trade diversion arises
and a bilateral FTA formation induces the FTA outsider to lower its tariffs on imports from
FTA insiders only when there is diseconomies of scale: Aty(gg — 9ij) = tr(9s) — ti(gs5) > 0 if
and only if § < 0. We know from the existing literature that, when there exists constant returns
to scale, market segmentation arises and thus markets are strategically separated. Under such
a case, F'TA formation has no impact of the external tariff of the outsider relative to the empty
network. However, when the industry exhibits economies of scale (6 > 0), larger production
of FTA insiders due to preferential access via FTA formation leads to lower average cost of
production and higher mark-up for insiders. As a result, the outsider has a greater incentive to
extract rent from insiders and thus raise its tariff on imports from insiders relative to g4. The
opposite result obtains when the industry exhibits diseconomies of scale. The above results are
represented in Figure 5 and lend support to Missios et al. (2016) [32] and Saggi et al. (2018)
[46] when there is diseconomies of scale and provides additional insights on the tariff response

of the outsiders when industries exhibit economies of scale.

Would the above result extend to the case where there is g;; and ¢ and k form an additional
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Figure 5: Tariff Complementarity Effect: FTA-outsider

FTA, leading to a deviation from g;; to the hub and spoke regime gZ-H ? We argue that it would
not be the case and the opposite result obtains. Note first that the outsider country (j) of such
an FTA is already a partner of country ¢ and thus can not be identified as a true outsider.
Second, since it gives up its unconstrained domestic market protection, country k’s total output
declines when it forms an FTA with country 7 and becomes a spoke country under g”. This is
due to the fact that the decline in output in the domestic market exceeds the limited increase
in the export in the hub’s market. This implies that country k’s firm’s mark up falls (rises)
under economies (diseconomies) of scale. As a result, country j’s incentive to extract rent from
country k’s firm weakens (strengthens) under economies (diseconomies) of scale.

Next, we introduce our equilibrium concept and strategies.

6 Equilibrium Theory: Concepts and Strategies.

Building upon the models by Seidmann (2009) [48], Lake and Yildiz (2016) [24] and Lake
et al. (2020) [26], we employ a dynamic FTA formation model that initiates from an empty
network. Consistent with Ornelas (2008) [39] and Ornelas and Liu (2012) [40], we assume
that at most one FTA can be formed in one period and that FTAs formed in previous periods
are binding and cannot be severed.! We construe a period as the duration necessitated for

negotiating an agreement, thereby tying our model more closely to empirical realities in the

The binding nature of trade agreements is pervasive in the literature and realistic in terms of real-world
observation. It can represent a reduced form for more structural justifications such as sunk costs (see McLaren
(2002) [31] for empirical support).
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field.!! Let g;—1 denote the network at the beginning of time ¢, and the transition of network in
the current period be denoted by g;—1 — ¢;. As an example, we denote the transition of networks
gt—1 — G+ — gi+1, where the network g;—; evolves into g¢y1 through g; and then remains at g:;;
forever. Finally, our network remains permanent when one of two conditions occur: either no
agreement forms in a given period or once global free trade emerges.'? First, when no agreement
forms in a given period, the assumption of Markov strategies implies no agreement forms in any
subsequent periods. Second, once global free trade emerges, the assumption that previously
formed agreements cannot be severed implies global free trade remains forever. Table 2 depicts
the feasible transitions for the current period, moving from g1 to g:, where g; represents the
network at the end of the current period. A path of networks, g.—1 — g+ — g¢+1, indicates a
progression beginning at g;_1, passing through ¢;, and ultimately settling permanently at g4 .
Consistent with our model, the network remains unchanged from the third period onwards.
Alternatively, the path of networks g4, — g4 denotes a situation where no FTA formation takes
place.

Countries hold preferences over various paths of FTA networks, which is illustrated by the
continuation payoffs. Let 5 denote the discount factor and V;(g;) denote the continuation payoff
from the path of networks. Assuming that the network at the beginning of the current period is
empty, denoted by g4, and a country i’s one-period payoff is equivalent to the national welfare
W;(g), the continuation payoff for country i from the path of networks gs — gi; — g2 — g* is

2

defined as V;(gij) = Wi(gi;) + BWi(gl?) + %Wz(gF) In a different scenario, if no FTA forms
in the current period, the empty network g, will remain indefinitely. Hence, the continuation
payoff for country ¢ from the path of networks g4 — g will be Vi(gy) = ﬁWi(ggb).

We employ a deterministic protocol as in Seidmann (2009) [48], Lake and Yildiz (2016) [24],
Lake et al. (2020) [26], where the “leader” country has the first opportunity in each period to
propose an FTA that forms if and only if recipient countries accept the proposal. If the leader

country does not have a proposal accepted by the follower countries, then one of the follower

countries has the opportunity to propose an FTA.!3

" This interpretation aligns with the observation by Odell (2006, p. 193) [36] that NAFTA negotiations began
in 1986 but the agreement wasn’t signed until 1992. Similarly, Molders (2012, 2015) [33, 34] and Freund and
McDaniel (2016) [17] provide additional empirical evidence, illustrating the extended time frames often associated
with FTA negotiations.

12These conditions are expected to take place no later than the third period, a feature that is vital in applying
backward induction within our model.

13Unlike Aghion et al. (2007) [1] where only the leader country can make proposals, our protocol empowers
the follower countries to propose FTAs and thus follower countries can form their own FTA.
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Without loss of generality, from hereon, we assume that country a is the leader country and
country b and c are the recipients. Due to complete symmetry, multiple equilibria could arise.
In order to eliminate this possibility, we assume some infinitesimal non-economic benefit € > 0
that countries b and ¢ obtain when forming a PTA with country a. In other words, country
a is assumed to be the the leader country that is the most attractive PTA partner. Similarly,
country a receives some € > 0 when forming with country b rather than country c¢. Formally,

stages 1-2 describe the protocol in every period:

e Stage 1(a): Country a proposes an FTA to a country. If the recipient country accepts
the proposal, then the period ends. If the recipient country rejects the proposal, then the

game moves to stage 1(b). Otherwise, the game moves to stage 2.

e Stage 1(b): Country a proposes to the country that didn’t reject its proposal in stage

1(a). If FTA forms then the period ends. Otherwise, the game moves to stage 2.

e Stage 2: Country b proposes an FTA, and the period ends no matter what happens in

this stage.

The series of the above stages indicate that the network remains unchanged once global free
trade is established or when a period ends without any FTA formation. Table 3 represents the
available proposals for each country acting as the proposer. The set of proposals for country
i is denoted as S;(g), where p;(g) € Si(g) denotes a propsal. Once a proposal p;(g) from
country i is received, every recipient country j, part of the proposed agreement, offers a response
(g, pi(g)) € {Y, N}, where 'Y’ signifies acceptance and "N’ implies rejection. For each subgame
within network ¢, the Markov strategy of country i should accomplish two primary tasks: (i)
designate a proposal p;(g) € Si(g) for the stage where it serves as the proposer, and (ii) allocate
a response 1;(g, pj(g9)) € {Y, N} to any potential proposal it might receive from another country
j. We aim to find a pure strategy Markov perfect equilibrium.'* Specifically, using backward
induction, we find a pure strategy subgame perfect equilibrium where the current period’s
proposal by the proposer and the responses by the respondent depend only on the history

through the network established at the end of the preceding period.

0Our approach aligns with the method outlined by Seidmann (2009) [48].
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Network at the beginning of Current Period | Network at the end of Current Period
9o 9> 9ij> Giks Gjk
9ij 9ij» 91 gf
gi' ', 9"
9" 9"

Table 2: Pathways of Feasible Networks Transitions

Si(g) Sj(9) Sk(g)
9o | {0,145, ik } | {o,1j, jk} | {¢, ik, jk}
g9i; | {¢, ik} {o.Jk} | {¢, ik, jk}
g | {9} {6, ik} | {¢, ik}
g" {¢} {¢} {¢}

Table 3: Action Space of Proposer Countries Across FTA Subgames

7  Equilibrium path

In this section, we examine the driving forces behind the FTA formation under optimal
tariffs. In a dynamic model of FTA formation, the tension between myopic and farsighted
incentives of the FTA outsider and FTA insiders creates the possibility of dynamic free riding
and dynamic exclusion incentives. As a result, the equilibrium path of networks revolve around
the dynamic free riding incentive of an FTA outsider and the dynamic exclusion incentive of
FTA insiders. These dynamic incentives heavily depend upon the degree of economies of scale

and how patient the countries are.

7.1 Myopic and Farsighted incentives

Let w;(g) denote country i’s welfare as a function of network g and Aw;(¢’ — g) represent
the difference between country ¢’s welfare under networks gy and g, where ¢’ = g + ij denotes
the trade network that results when an FTA between countries ¢ and j is added to network
g. In our dynamic model, incentives that involve payoff comparisons in the current period
and in the immediate next period are called myopic incentives that capture mainly short-run
considerations. When governments make payoff comparisons between the current period and

periods beyond the immediate next period, we call these incentives as farsighted incentives that
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involve long-run considerations. Specifically, what are the myopic and farsighted considerations
of an FTA outsider under a bilateral FTA? On one hand, myopically, an FTA outsider decides
whether to become a spoke country under a hub-and-spoke agreement relative to being an
outsider under a bilateral FTA. On the other hand, farsightedly, the decision of an FTA outsider
is between becoming a spoke on the path to global free trade and staying as an outsider.
Similarly, an FTA insider myopically decides whether to become a hub country under a hub-
and-spoke agreement relative to being an insider under a bilateral FTA while farsightedly, the
decision of an FTA insider is between becoming hub on the path to global free trade and staying
as an insider. Lemma 1 describes the myopic incentives that are pivotal for the equilibrium path

of FTA networks.

Lemma 1. The following myopic incentives obtain for all degrees of economies of scale:

(i) (Participation incentive): Both insiders and the outsider benefit from a bilateral FTA
formation relative to an empty network, and FTA insiders are better off relative to being
an FTA outsider: Aw;(gij — g9¢) > Awi(gjr — gp) > 0 for all 6 and the incentive to form

OAw;(gij—9ge)
—aw >0

a bilateral FTA rises with the degree of economies of scale:

(ii) (Spoke-spoke FTA): Two spoke countries always have incentives to form the final FTA:
ij(gF —gZH) > 0 for all 6, and such incentives get stronger with the degree of economies

. 8Aw-(gF—ng)
of scale: —55——= > 0.

(i1i) (Myopic incentive to become hub): An FTA insider always has an incentive to form
(aH .
an additional FTA to become the hub: Aw;(gi — gij) >0 for all 6, and W >0

holds.

(iv) (Myopic Free Riding Incentive): An FTA outsider has no incentive to become a

spoke: Awy(gi; — gF) > 0 for all §, and %{?_95) > 0.

The first three parts of the above lemma govern the attractiveness of a bilateral FTA
formation. The first part of the lemma informs us that a bilateral FTA formation is Pareto
improving relative to empty network while FTA insiders benefit more relative to the outsider.
Intuitively, the mutual exchange of preferential access in each others’ market benefits the insiders
and such benefit and the external tariff insiders face in the outsider’s market relative to empty

network heavily depend on the degree of economies of scale. Consider first the scenario where
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industry exhibits constant returns to scale. Under such a case, outsider’s tariff on insiders
remains unchanged and insiders benefit from the bilateral FTA formation purely due to exchange
of preferential access in each others markets. While the outsider faces discrimination in the
insiders’ markets, it faces a lower external tariffs due to tariff complementarity while keeping its
optimum external tariffs in the domestic market. Therefore, the outsider also benefits from the
FTA formation while the insiders’ benefit from preferential access is larger than the outsider’s
benefit from the tariff complementarity. Suppose now that the industry exhibits economies of
scale. Under such a case, insiders produce larger output due to preferential access, leading to
extra benefits from lower average costs. From our tariff discussion, we know that insiders lower
their external tariffs on outsiders while facing higher tariffs in the outsider’s market relative to
no agreement. Our finding suggests that the extra benefit due to economies of scale dominates
the tariff effect in such a way that the welfare gain of insiders from the bilateral FTA formation
rises with the degree of economies of scale: % > 0. Here one should note that,
relative to no agreement, the outsider’s output rises even more than the insiders due to lower
tariffs in the insider’s markets and higher tariffs in the domestic market and thus the outsider
also benefits from the bilateral FTA formation but not as much as the insiders due to tariff
distortions. Finally, consider the scenario where the industry exhibits diseconomies of scale
under which insiders enjoy deeper preferential access in each other’s markets and lower tariffs in
the outsider’s market. However, larger output implies higher average cost. Our findings suggest
that the tariff effects dominates the cost effect and the insiders still gain from the bilateral FTA
formation. On the flip side, the outsider now faces higher tariffs in the insiders’ markets and
reduces its tariffs on the insiders. Moreover, the output of the outsider is still larger under a
bilateral FTA relative to no agreement, leading to a higher average cost.

Part (ii) of the above lemma informs us that, since spoke countries under a hub-and-spoke
regime suffer from the discrimination they face against each other, they always have incentives
to form the final FTA leading to global free trade for all § and this incentive gets stronger when
the industry exhibits greater degree of economies of scale: %{w > 0.

We show in Part (iii) that an FTA insider always has an incentive to form another indepen-
dent FTA to become the hub country since it has sole preferential access in both spoke markets.
This implies that an FTA insider always has a myopic incentive to become the hub country and
such incentive becomes stronger with higher degree of economies of scale: %?_g”) > 0.

Finally, we address the following question: is a bilateral FTA formation always attractive?
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Part (iv) of the above lemma informs us that it is not the case when an FTA outsider decides
whether to become a spoke under the hub and spoke regime. On one hand, the FTA outsider
benefits from lower tariffs faced when exporting to the FTA insiders due to tariff complemen-
tarity (deeper when there exist economies of scale). On the other hand, the FTA outsider faces
discrimination in the FTA insiders’ markets and becoming a spoke eliminates this discrimina-
tion in the hub’s market. Here, it is important to note that becoming a spoke does not benefit
the outsider greatly since the other spoke already has an FTA with the hub country and thus
the additional FTA does not come with any preferential access. The tariff complementarity
benefit and being able to impose optimal tariffs as an outsider together dominate the benefit of
eliminating discrimination in one of the insiders’ markets (insider becoming the hub country)
and thus we argue that the FTA outsider always has a myopic free riding incentive that gets

larger as the industry exhibits greater degree of economies of scale: Awy(g;; — gZ-H ) > 0 for all

L H
§ and 22urlgu=90) ¢,

We next turn our attention to the farsighted incentives that play a crucial role in the

formation of FTAs.

Lemma 2. The following farsighted incentives obtain for all degrees of economies of scale:

(i) (Farsighted incentive to become a spoke): FTA outsider prefers global free trade
network to remaining as an outsider under a bilateral FTA: Aw;(g" — gjx) > 0 for all §

. . . . Aw; (gF —gin
and this preference is stronger as the degree of economies of scale rises: w >0

(ii) (No farsighted exclusion Incentive): an FTA insider always prefers free trade to
being an insider under a bilateral FTA: Aw;(g" — gij) > 0 for all 6 and this preference is

. . Aw; F_ i
stronger as the degree of economies of scale rises: % >0

It is immediate from part (i) of the above lemma that the FTA outsider always has a
farsighted incentive to participate in FTA expansion that ultimately yields global free trade,
regardless of the degree of economies of scale. While the FTA outsider always has a myopic
free riding incentive and thus has no incentive to eliminate discrimination in one of the FTA
insiders’ markets via becoming spoke in a hub and spoke regime (see Lemma 1), the first part of
the above lemma informs us that it benefits from eliminating the discrimination faced in both
FTA insider markets. The intuition behind this result can be explained as follows. Consider

initially a bilateral FTA under the scenario where the industry exhibits diseconomies of scale
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(6 <0). It is immediate from our previous tariff discussion under an FTA that, relative to no
agreement, the non-member country is able to protect its market with lower MFN tariffs on
exports from both members while its firm faces a higher discriminatory tariffs in the export
markets of members. Our result confirms that, relative to being an outsider under an FTA, the
non-member country benefit from having free access in both export markets even when higher
output levels lead to higher average costs under diseconomies of scale. As J rises, non-member
country has an incentive to raise its MFN tariff on exports from members while enjoying lower
external tariffs in the export markets. However, we should note here that the firm of the non-
member country is discriminated against its rival exporter, and thus the benefit from the tariff
complementarity in the members’ markets is limited. With stronger economies of scale, the
improved efficiency effect of freer trade is so dominant that it outweighs the ability to impose
higher MFN tariffs and facing lower external tariffs under an FTA. This is a critical result
since we show later that the tension between the FTA outsider’s myopic free riding incentive
and its farsighted incentive to participate in FTA expansion determines the dynamic free riding
incentive. Moreover, the degree of economies of scale plays a crucial role in evaluating the
strength of the tension between myopic and farsighted incentives of the FTA outsider.

The intuition behind part (ii) of the above lemma unfolds as follows: FTA insiders have no
farsighted benefit of permanently excluding the FTA outsider from subsequent FTA formation
that delivers global free trade. Ultimately, global free trade benefits the FTA insiders by re-
moving the FTA outsider’s tariff barriers. This benefit gets larger as the economies of scale get
stronger since larger output leads to more efficiency gains via lower average cost of production:
%:;79”) > 0. Comparing a country’s continuation payoffs across paths of FTA networks
often reveals tensions between myopic and farsighted incentives. However, while the part (iii)
of Lemma 1 argues that the myopic incentive to become hub under a hub and spoke regime
always exists, part (ii) of the Lemma 1 informs us that FTA insiders do not have a farsighted
exclusion incentive and thus member countries have an incentives to engage in subsequent FTA
formation leading to global free trade. Therefore, for insiders of an FTA, there exists no tension
between myopic and farsighted incentives and dynamic exclusion incentives do not arise.

We now solve the equilibrium path of networks in the FTA game by backward induction

and argue that the existence of dynamic free riding incentives is crucial..
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7.2 Subgames at hub-spoke networks

To begin the backward induction, consider a subgame at a hub-spoke network gZH . The

following lemma follows directly from Lemma 1(ii).

Lemma 3. In the subgame at a hub-spoke network ng, spoke countries form the final FTA that

leads to global free trade: gZH — gf'T.

7.3 Subgames at FTA insider-outsider networks

We now roll back to a subgame at an insider-outsider network gf74

Sl As discussed above,

since two members have no farsighted incentive to exclude the third country from free trade
network and each member always has an incentive to become hub on the path to global free
trade, there exists no tension between myopic and farsighted incentives for the member countries
and thus the dynamic exclusion incentives never arise. However, the tension between myopic
and farsighted FTA formation incentives exist for the FTA outsider leads to dynamic free riding

incentives. We next explore this tension facing the FTA outsider.

7.3.1 Dynamic free riding incentive

A tension between myopic and farsighted incentives for the FTA outsider creates the pos-
sibility of a dynamic free riding incentive. Part (i) of Lemma 2 argues that, regardless of the
degree of economies of scale, the elimination of discrimination in both members’ market drives
the farsighted incentive of an FTA outsider to participate in FTA expansion that yields global
free trade and such incentives rise with the degree of economies of scale: Awy(gF — gij) > 0
for all 4 and %Z_gij) > 0. However, part (iv) of Lemma 1 informs us that an FTA outsider
has a myopic free riding incentive, and hence a myopic incentive to refuse subsequent FTA
formation and as the degree of economies of scale rises this myopic incentive becomes stronger:
Awy(gij — g) > 0 for all § and %{#) > 0. Here, the discount factor mediates the tension
between the FTA outsider’s farsighted incentive to become a spoke on the path to global free
trade and its myopic free riding incentive to resist to end up as a spoke country. Specifically,
the FTA outsider prefers becoming a spoke rather than remaining a permanent FTA outsider

when

37



wi, (g7) + 1_661% (¢") > 1iﬁwk (9i5) (12)

and this holds when FTA outsider is sufficiently patient:

8> BOUT(é) =14+

(13)

1
Awy (97 = gi5)
Awg (gi5 — 9{")

In other words, sufficiently myopic (8 < Boyr(d)) FTA outsider refuses subsequent FTA for-
mation and in such a case we argue that the FTA outsider has a dynamic free riding incentive.
When we examine how Boyr(d) changes with the degree of economies of scale, we find that
Bour(d) is a convex function of § with reaching a minimum point when there is a CRS. Rela-
tive to CRS, the extent that the FTA outsider holds a dynamic free riding incentive rises (i.e.
BouT(d) rises) as the degree of economies of scale rises since the myopic free riding incentive

Awy, (gij — gl ) rises at a faster rate relative to the farsighted incentive of becoming a spoke

()
w gt —g;i
Awy, (gF - gij)‘ - a5 -

> 0. On the other hand, as the degree of diseconomies of scale
rises (9 falls and become more negative) relative to CRS, the myopic free riding incentive falls
at a slower rate relative to the farsighted incentive of becoming a spoke. As a result, the critical
discount factor is at minimum when there is constant returns to scale and rises as § rises or falls.
The Figure 6 illustrates the dynamic free riding incentive and how it varies with the degree of

economies of scale. The following proposition summarizes our findings:

Proposition 2. The equilibrium path of networks in the FTA game is:

(i) 96 = 9ij — giH — g*" when B> Bour(6)
(it) gy — gij when B < Boyr(0)

- _
(i) %W>O and%@zﬂ when § = 0.

Note that dynamic free riding incentive prevents attaining free trade in the equilibrium
path and gets stronger under both economies and diseconomies of scale relative to CRS. This is
an important result since most of the literature focusing on whether the formation of FTAs acts
as building or stumbling blocs for attaining global free trade assumes that there is a constant

returns to scale. Our findings suggest that the equilibrium path of FTA formation is less likely
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Figure 6: Dynamic Free Riding Incentive

to lead to global free trade under economies and diseconomies of scale relative to CRS when

the countries are sufficiently myopic.

8 Conclusion

One of the striking realities of today’s global trade environment is the widespread prevalence
of free trade agreements. In the rather extensive FTA literature, the role of economies of scale on
the external tariff setting and the extent of FTA formation is largely ignored despite the crucial
implications of different degrees of economies of scale in determining the trade and trade policy
effects of FTAs. The present paper aims at providing a comprehensive theoretical and empirical
analysis of the role of economies of scale on the external tariff setting under FTAs. Our model
of imperfect competition with flexible degrees of economies of scale yields that FTA member
countries have an incentive to reduce their external MFN tariffs following the FTA formation
regardless of the degree of economies of scale and this tariff complementarity effect gets stronger
as the degree of economies of scale rises. We provide empirical evidences and confirm that tariff
adjustments following the FTA formation are consistent with theoretical findings, emphasizing
the important role of including the degree of economies of scale in the FTA analysis. Then,
focusing on a WTO world with three symmetric countries, we employ a dynamic FTA formation

model to examine how the extent of FTA formation is affected by different degree of economies
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of scale. Our findings informs us that the equilibrium path of FTA formation is fundamentally

shaped by the degree of economies of scale in production technology.

9 Appendices

9.1 Cost Functions: one-to-one correspondence

Let Cobb-Douglas production function be defined as: Q = K*LP where the degree of
economies of scale is captured by a 4+ . Then, via cost minimization, we can obtain the
corresponding cost function as: C' = AQ®+? where A is normalized to be 1. We next show that
there is a one-to-one correspondence between ¢ in our cost function and the scale parameter
a + B in the general form of the Cobb-Douglas cost function. By equating both cost functions

we obtain:
_ In(c@ — 3Q%)\ -1
=g )

For any ¢ and @, Figure Al shows the one-to-one correspondence between the parameters

0 and o+ 5.

9.2 Optimal Tariffs under FTAs

Consider i,p € M and z,k € N. The Consumer Surplus for country i, denoted as CS;,
and its partial derivative with respect to ¢; are given as:
acsi(f)y  ; dal

=X -

dt; idt

where,

ol =za(H) oD+ Y wilH)+ D 2aulf)

zEM,z#1 2EN,z#k
The Tariff Revenue for country i, denoted as T'R;, and its partial derivative with respect to t;

are given as:

TRi(f) = Y 7aplf) + ti(Hawi(f) + (0 — m = Dti(f)zi(f)

zEM,z#14

= 5 Dy e ) s S (e +un L)

dt;
zEM, 270 g ! 2EN, 2k
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Figure Al: One-to-one correspondence between parameters § and «a +

The Producer Surplus for country i, denoted as 7;, and its partial derivative with respect

to t; are given as:

mi(f) = pi(f)zau(f) + Z pp(N)zip(f) + pe(flziw(f) + Z p=(f)ziz(f C<$ii(f)+ Z zip(f)

pEM,z#£1 zEN,z#k pEM,z#i

zEN,z#k pEM, z#i z€N,z#k

2
+aa(f)+ Y miz(f))"“s(xii(f)‘i‘ > wp()FaalH)+ Y mz-z(f>)

— Y )~ taalf) - Y tHa(f)

pEM,z#£i zEN,z#k
T o - T
% i % pEM pti i i
+ D)y () 4 () —of) D Py (dp;flf Lo+ ut) — ) 2
+ (Z Lild) | 5~ drel] )> (c+25( > o) + inxf)))
peEM v zEN v peEM, zEN
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Now all member countries apply t,’;, and non-member countries apply t£ for their optimum

external tariffs. We obtain the zs at equilibrium.

(Ers(t]) — (n —m — 2)E(tN) — Exs(t))) - tn — EtNAL)Em - M+ TERs(T)

ah(f) =n+ (szz(ti) —(n—m—1)&(tn))tn — ((m — D&(tnnr) + éki(t{))tm + 7&ki (7)

Z ¢

b - n—m-— n mM T+ T T

i (f) =n+ (Sn(t) = ( 1)§(tN)£)t E(tNM)tmm + TEr(T)

ot () =g S m = 1E(EN) — Ee(tD)) b + E(tarns)tmm — 7E(T)
x(f)=n+ :

25(f) =0+ ((m — DE(tarnr) + Ei(t]))tm — ta(n — m)E(tn) — 7€i(T)
i g

m—1 ij ! m — n{ —M —7&i(T

st (f) = 4 (T D) +E a<t]>>tg ta(n — m)E(tn) — 7€5(7)

To obtain the best response function for member country ¢’s welfare with respect to the non-
number of countries k, we sum the first-order derivatives for consumer surplus C'S;, profit 7,

and tariff revenue function T'R;:

dwi . CS; dm; dTR;
E(f)_dtf;(f>+dtfn(f)+ dt{n (f)
ZZ/Z (f) = vrt], + vhat] + 13

Likewise, to obtain the best response function for nonmember country k’s welfare with respect
to the number of countries ¢, we sum the first-order derivatives for consumer surplus C'Sg, profit

7y, and tariff revenue function T Ry:

AW .. CSk dry dT Ry,
%(f)— dtf; (f)+dt£(f)+ dtffb (f)
Wy

i (f) = vath, + ¥st] + g

where
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+ (m—n)((m = m)&i(t]) + (m = 1) ((m = 2)€(tarar) + (m — mE(Enar)) +2€ ) &wilt]) — 2(

(=2+n)(=0n+m)—0d+ 1) mé(trar)® — (m—n) (2(1 + (=2 +n)m)&(tanr) — (m — 1)5)5(75NM)]

(m —n)

§2
+ (m = m)(m = D&ei(t]) = (=2 + n)E(tnan) JE(tn) + (m = 1) (= &ilt]) + (m — DEEN) ) €5 (¢])
- (((—2” +2)d 4+ 2m)&(tarnr) + (m —n)é(tnar) — 26§ii(t{))§ik(t£) - ((m - n)ﬁkz‘(t{) — (m —1)&(tam)

+ 5)&%’(%) +&(tanr) (5 + fkk(ﬁi)) +(n—m— 1)<(€ks(t£) - §ks(t£)>f(tMM) + ((m —n)&i(t]) + €

Uy = [( — (1 +2(=n+ DO)&:(t) — 2 — 1)((—n + 1)5 +m) — 2m)E(tarnr)

— (=2+n)&(tmm) + (m — 1)&9‘@))5(@\/)]

¢@:;[«%n—w@@b+0n—nm—lmﬂﬁmwm—nxm—n(@wb—smmn)—@—owdx

(=204 1)n + m)ﬁ@MM)) né + 7'( —2(m —1)6&;;(1) — (26 — 1)&:i(7) + 25(m — n)&ix(T)

L =0

. 5) Ei(t]) + (m — )7 <((—m + 1)&']‘(#) + (n —m) (ﬁkz‘(t{) —&(tvm)) + mf(tMM))Ez’j(T)
+«n—mMMﬂ+fMM§O4%n—m%<wn—m&ﬁb—On—DﬂMM0+@&Aﬂ+On—m
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+ (1 + (26 —1)(n - 1)m>f(tNM) + €+ fiz-(t{)))ﬁm(tﬁ) + ((m —n)— 2( —1+(n— 1)5)§(tNM)>§kk(t£}
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[ - 2((5m — 1)&i(t]) + 5§kk(t£)>§kz‘(7§{) - ((m -1) (mf(tMM) + (m — 1)§(tnnr) + éij(tf))
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¢6:?

[(” —m—1) (T(((” —m)(20 —1) — 25)&5@) —(n—m-1) (éks(tg) - 5(151\/)) + 206 () + €
+ m(f(fN) — & (t]) + 25§ki(t£)>>€ks(7) + (( —1+(20 - 1)n>77§ + T<m<§z‘k(7) + 25§ki(7))

+ (25— Déi(r)) + (a - c>5> ks(t]) = ((n = 1mg = mréa (7)) st + (0 — 1) + mmT))g(tN))
+ (0= 1) (m(&tn) = €xth)) +€) + (20n — 1) (méui(t]) + Ewe(t])) — mngate]) e

+m7 <((m(25 +1) —n — )& (t]) + 20&(t]) + mf(tN))sz‘(T) + <25€kk(7) + &ii(T)
+ (m = 1)&5(7) ) &t + (mé(t]) - smk(f)) 25 )l (DE(r) + (o — o) (6s(t]) + meua(t]))

and
Ers(t]) = 20(n — 1)(2+ (=20 + 1)n), &s(7) = 2m(m — 1)8(2 + n(1 — 26)),

s () = 2(=20n41) (n+1-2(n—1)8)+26(n+1), & (t]) = (n—m)(26(n—1)((26—1)n—2)+n+1),
() = (m— 1)((2n — m + 1)(26n — 1)(1 — 28) + (n — m)(1 + 26)),

&i(t]) = (n—m)(26(—20n — n + 2) + 2n26(20 — 1) + n + 1)

(1) = md2(n—m+1)2+n)—20(2n+1)(n+1)+ (n—m)(n—m+1)(n+2) +1)) + (n—
m+2)(n+1), &k(7) =2(m — 1)6((n + 1)2 — 2nd(n — m + 1) — m(n + 2)),

Ex(t]) = 2(=20n + 1)(n + 1 — 2(n — 1)8) + 28(n + 1), E(r) = 2m(m — 1)6(2 + (—26 + 1)n),
Eer(t]) = (n — 1)(20(=20n — n + 2) + 2n25(26 — 1) + n + 1),

&i(1) = (n+1)(m—1) = 2(n—m)(m —1)8(2+ (=26 + 1)n), &i(t]) = 26(n —1)(2+ (=26 4+ 1)n),
§=(n+1)(=20n+ 1)1 + (=26 + 1)n), &y, = 20(n —m)(2 = (26 — 1)n), 1 = %%
€y = 20(n(1 — 48) + 3), Epyy = 20(m(n+ 1) + (=200 + 1)(m + 1)),

Ei(t]) = (n—m)(26(n(264+1) —2)+2n28(26—1) —n—1)+(n+1)(2(n—1)6 — 1) (=14 (26— 1)n)

The best responses are found as follows:

dW;
=0 = Yrth, + ath + 13 = 0
dtm,
and
dW,
—F =0 =t st + v =0

Solving both the best response functions for members and non-members, we obtai the following
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tariffs:

hoths — VP35

_ 1th — P3ihy
Y1y — hathy”

th =
" P1ps — PaiPy

th =

9.3 Optimum Tariffs under No Agreement:

Under no agreement, all countries impose their optimum external MEFN tariffs tf. First,

we obtain the following expressions that would be useful in deriving optimum tariffs.

(6(t)) = (n = DE(tw) )87
£

(6x(t) = €5 (8) — (n = 2)&(tn) )t
¢

&i(t2) =2(n —1)26(n(20 — 1) = 2) + (n — 1) (n + 1)

&2 (t7) = 2(n — 1)8(n + 2(1 — nd))
&;(t7) = [2(1 — 20n)(n+ 1 — 206(n — 1)) + 20(n + 1)]

In order to find optimum external MFN tariffs under no agreement:

dWi CSl d?Ti dTRZ'
= + +
e (¢) it (¢) e (¢) P (¢)
dW; B ®
dt? (¢) - 1/17152- + ¢8
As a result, we obtain
o —Us
9 = ¢
‘ (U

where

=g [<n = 1) ((g0tw) (nn = 1) = 1) = (:(#) — €a(t))) ) &:(t) = (20(n = 1) = 1) ((&zaf)(n -1

+ én-(t?)>§(t1v) + gz-Z(t?)em(tj?)) — (= 1) (&6tw) = &5(t))) +€) (Em)n =2 +5(t))

— &(t]) (26a(t))3 + ) ) + (602 — 1)+ Ea)) (-1 +20)
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= 2| (=) (0= 1) (14 2008 (6) — &5 (4) + 26660)) + <<n -1) <5(tN><n —1) e

— & () + &j(ﬁ’)) - Su(t?)) + (@ —¢) (éiz(t?)(” -1+ 51'1’(@)) ]

9.4 Pre-FTA MFN Tariff Reduction Trends:

One potential concern with our results is the possibility of pre-existing MFN tariff reduction
trends in the years prior to FTA formation. In particular, if industries characterized by IRS
were already experiencing faster declines in MFN tariffs before the FTA, then the post-FTA
tariff cuts we observe might simply reflect a continuation of those trends rather than a causal
effect of the FTA. To address this concern, we conduct a placebo test using the same regression
framework as in Equation (8) of the main text, but we replace the dependent variable with
the change in MFN tariffs before the FTA. Specifically, for each FTA, we calculate the MFN
tariff change in the K years leading up to the FTA (for K = 1, 2, and 3) and regress it
on the same set of regressors as in Equation (8): the cumulative FTA tariff preference (the
negotiated preferential tariff reduction T" years after FTA formation, interacted with the FTA
partners’ import share) along with the same set of fixed effects. We estimate these regressions
for horizons T' = 1 through 6, mirroring the main analysis, to examine wheather future FTA
tariff preferences are correlated with prior MFN tariff changes.

The results in Table Al show no evidence of differential pre-FTA trends. Column (1)
presents estimates from the benchmark specification, which does not distinguish industries
by scale economies. The estimated coefficients on the FTA preference variable are uniformly
negative across all horizons T' = 1, ...,6 and largely insignificant. This pattern holds for each
pre-FTA window (K = 1, 2, or 3 years prior). Accordingly, there is no indication that products
which eventually received larger FTA tariff reductions were on a trajectory of faster MFN tariff
cuts in advance of the agreement. This null finding on the pre-trend test implies that future
FTA tariff concessions do not appear to be “predicted” by prior MEN liberalization.

Furthermore, we find no systematic difference between IRS and DRS industries in their
pre-FTA tariff trajectories. The regression allowing for IRS-DRS differences shows that the
estimated coefficient gap between IRS and DRS sectors (see the final column of Table Al is

almost never statistically significant. This indicates that IRS industries were not on a markedly
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Table Al: Estimation results for model (E8): Pre-trends / placebo (MEFN tariff
changes before F'TA)

(1) (2) () (4) (5) (6) (7
Baseline Br Ak ag Br+ By Br+ B Br-6F
MEN Tarill Change in 1 Year Before FTA
PM{T=1)="S -1.535%FF _1.731%+* -.910 LAR2FFF 2 GA1FF ) 340¥F 2 292%F
{(L.:385) {1L363) {1.097) (0.:34%9) (1.100) {1L16T) {1.117)
PM{T=2)=x"S -D.528FFF ()L TO5+*+* .579 (1L H2F+* -0.216 0.025 -0.241
{(LOBT) {n.112) {1.540) (0.161) ((1L505) {1L089) (0.455)
PM{T=3)=I"8 -1.181 -0.200 (LG5 0.066 -0.235 -.134 -0
{(n.175) {12200 {1.3633) (0.1%2) [(1465) X (0.428)
PM{T=4)=D"S -1114 -.124 -(LG60 0054 -0.784 -1.070 -0.714
{n.136) {1.216) {1.6:33) (0.171) [(LB18) (1L065) (0.772)
PM{T=0)=I"S -L.379 -L.37T8 -(L55HY 0.215 -0.937 -1 163 -0.774
{(n.300) (11306 (11.694) (0.172) [[LTHE) (.254) (0.618)
PM{T=6)x"S -11.262 -0.397 0.200 0346 -0.197 -.051 00146
(0.229) (0. 266 (1. 18a) (0.213) (0.202) (0.059) (0.177)
MFEFN Taril] Change in 2 Years Before FTA
PM{T=1)xDP5 -1.798%*F* 2 QR3*+* L5756 1.200% -1.479* -85 -0.625
{(L456) {1L370) {1.809) (0.642) [(.822) (1.849) (1.323)
PM{T=2)xDP58 -0ATEF  _DTTOFFF  RGIFFF  (LB4EFFF  _1470F -85 -0.625
{(.076) {1LOBR) {1.171) (0. 146) ((1.822) {1L.849) (1.323)
PM{T=3)=D8 -(LIN5 (L0500 (L1116 0. 108 (1. 0M3ta (LO6BE [IRLY
{0.277) {1L360) {1.328) (0.274) ((1.476) {1.132) (0.382)
PM{T=4)xD"S (L0025 (L0654 -(1L.356 -7 -0.203 0.026 00319
{(.152) {1L28R) {(.488) (0.2:31) ((L6ED) {1L082) (0.658)
PM{T=5)=1"S -D56TFFF  _[LATE*F* -[1.255 (1L AREF** -0.833 -1 0643
{1.147) {1121} {1.50:3) (0.147) [(LETE) (.248) {0.500)
PM{T=6)=1"S -.312 S(LARDFFE () INGFEE (44EFEE S0L184 001 FEE -0.143
{(1.191) {1.122) {(.037) (0.111) ((L128) (0.014) (0.117)
MFN Taril] Change in 3 Years Before FTA
PM{T=1)xDP5 -1.727%* _]g72%+* L4353 0.1934 -2.305* (L9638 -1.367
{(n442) {1L37T) (1.253) (0.718) (1.280) (1.836) (1.581)
PM{T=2)xDP5 -0446%FF 720+ (.05 (L Ea*+* -7 112 28T
{(.1033) {1L.093) {0.507) (0.178) {(L503) (L1707} (0.434)
PM{T=3%)=D5 -L0TH -L128 011 0167 -0L117 (LK 0.1 5
{1.266) {1L3347) {1.:363) (0.298) ((1.476) (1.132) (0.423)
PM{T=4)=1"8 -.062 00093 -L6G13 0.082 -0.T06G -.010 -0 G
{(.133) {1.246) {0.597) (0.219) [(LTRT) (1.072) (0.772)
PM{T=h)=D8 -334 -.347 -.472 .37+ -0.818 0.028 0846
{.332) {1341 {1.689) (0.212) (11.742) (1L.265) (0.627)
PM{T=6)xI"S -(1.284 -(1.450) 091 0443 -0.359 -0.007 -0.362
{n.261) {1.286) {(L187) (0.24%) {(1.254) {1L075) (0.236)

Notes: The dependent variable is the cumulative change in the MFN tarill over one year
before the FTA (Lop panel), two years before the FTA (middle panel}, and three years belore
the FTA (boltom pancl). * significant at 10%, ** significant at 5%, *** significant at 1%.
Standard errors, shown in parentheses, are caleulated at the country levels. All specifications
include country and HS6 product lixed elfects.

different MFN liberalization path than DRS industries prior to FTA implementation. Taken
together, across all pre-FTA windows and horizons, the results provide no evidence that future
FTA tariff preferences were anticipated by, or correlated with, earlier MFN tariff cuts. These
placebo tests therefore reinforce the interpretation that the post-FTA tariff complementarity

effects documented in the main text are not driven by pre-existing trends.
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