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Abstract

This paper analyzes how trade between a country pair changes as free trade expands
to a third country. Starting off with free trade between the pair, if one of them signs
an FTA with the third country, we get a hub-and-spoke arrangement. Trade between
the pair increases, and welfare goes up. If we move from the hub-and-spoke to global
free trade, trade between the pair goes down. Welfare drops in the hub, while it rises
in the spoke.
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1 Introduction

The last decades have witnessed an explosion in the number of free trade agreements across

the globe. According to one account, in 2002 there were 400 FTAs formed or contem-

plated;1 this number has further increased in recent years. This “unruly mass of criss-

crossing strings” has been referred to as a “spaghetti bowl” Bhagwati (2002). In contrast

to agreements reached through the WTO, this ever more complex maze of FTAs need not

lead to a uniform expansion of trade. Instead, it may turn some countries into hubs and

others into spokes. For instance, Mexico has free trade agreements with both the US and

the European Union, but there is no FTA between the US and the EU. In this particular

example Mexico is the hub, whereas the US and the EU are the spokes. Of course in other

examples the US or the EU may be the hub. For instance, the European Union has pref-

erential agreements with countries such as diverse as Switzerland, Turkey, Israel, Morocco

and Syria. Since those countries do not always have preferential agreements amongst each

other, the EU becomes the hub.

The question we want to address in this paper is how the volume of trade between countries

is affected by the Bhagwati spaghetti bowl. Clearly, the trade volume between a given pair

of countries does not only depend on whether there is free trade between the two, but also

on the larger network of FTAs each one of them is connected to.

To clarify this point, go back to our three-country example of Mexico, the US and the EU.

In 1994, when NAFTA was signed, neither the US or Mexico had an FTA with the EU.

However, when in 2000 an FTA was signed between Mexico and the EU, Mexico became

the hub. If the US were to sign an FTA with the EU, then in our three-country world we

would have global free trade. Taking as given NAFTA, the volume of trade between the

US and Mexico will depend on which configuration prevails vis ‘a vis the EU. In particular,

we would expect trade between Mexico and the US to be greater under a hub-and-spoke

arrangement than under global free trade. In a world without rules of origin, this result is

obvious: Mexico could simply import, say, oranges from the EU and re-export them to the

US. This would lead to excess trade between Mexico and the US, compared to a situation
1See Bhagwati (2002).
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of global free trade. In reality FTAs are bound by rules of origin. However, even then an

indirect form of arbitrage can occur: rather than re-exporting EU produced oranges to the

US, Mexico could export Mexican grown oranges to the US, and substitute its domestic

consumption by EU produced imported oranges. Here again, there would be excess trade

between Mexico and the US, compared to a situation of global free trade.

Our paper formalizes these ideas by considering a three-country three-good endowment

economy in the spirit of Bond, Riezman, and Syropoulos (2004). To fix ideas, call these

countries North, Middle and South. We compare three cases: the bilateral FTA case (FTA

between Middle and North, with no FTAs between the others), the hub-and-spoke case

(FTA between Middle and North and between Middle and South, but no FTA between

North and South), and the global free trade case (FTAs between all three). Starting off

with an FTA between North and Middle, we want to understand how expanding free trade

to South affects the volume of trade between North and Middle. If only Middle signs an

FTA with South, we have a hub-and-spoke arrangement. We find that trade between North

and Middle increases. Welfare improves in both countries. If North also signs an FTA with

South, we get global free trade. Compared to the hub-and-spoke arrangement, we find that

the volume of trade between North and Middle goes down. Welfare drops in Middle (hub)

and rises in North (spoke).

These results suggest that increasing the number of FTAs has different effects on trade

volumes, depending on whether trade expands across the board, or whether, in contrast, it

leads to a hub-and-spoke situation. If a pair of countries jointly introduce free trade with

a third country, trade between the pair goes down. However, if only one of them signs an

FTA with the third country, we get a hub-and-spoke situation, and trade between the pair

goes up.

This work generates a number of testable implication which we are in the process of em-

pirically investigating. In line with our theoretical findings, Anderson and Wincoop (2003)

have made the point that it is important to take into account the overall trading environ-

ment when using the gravity equation to estimate trade flows. They do so by including

time-varying country fixed effects. Our goal here is to go beyond the fixed effects approach,
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and to use our findings of the theoretical model to parametrize Anderson and Wincoop

(2003) in an economically meaningful way.

We are not the first to explore the complexities of the spaghetti bowl. Early contributions

on hub-and-spoke arrangements can be traced back to Wonnacott (1975) and Wonnacott

(1982). Of particular interest to our work is Kowalczyk and Wonnacott (1992) who explore

the effect of a hub-and-spoke system in the context of NAFTA. While it offers an excellent

overview of the different possibilities, it falls short of providing a detailed theoretical model.

More recently, Puga and Venables (1997) analyze how hub-and-spoke arrangements affect

the location of industries in a Dixit-Stiglitz world. In contrast to our work, their focus is

not on trade volumes, but on agglomeration in production. While our model is a lot simpler

by focusing on an endowment economy, we believe it provides a number of novel insights,

absent from the existing theoretical literature.

2 The model

Consider a simple endowment economy with three countries: North (N), South (S) and

Middle (M). Countries are indexed by superscripts j = N, S, M . Three goods are exchanged

in this economy, indexed by subscripts i = 1, 2, 3. The endowments of the three countries

are denoted by

yN = (1 + α, 1, 1)

yS = (1, 1 + α, 1)

yM = (1, 1, 1 + α) (1)

This reflects N having comparative advantage in good 1, S in good 2, and M in good 3. This

endowment economy can be thought of as the reduced form of a production economy with

factors of production in fixed supply and sector-specific. Preferences are identical across

countries, and for simplicity we assume them to be Cobb Douglas of the form:

u(c1, c2, c3) = c1c2c3 (2)

For simplicity, trade barriers in our model take Samuelson’s ‘iceberg’ cost form. In partic-

ular, a tariff τ implies that 1 + τ units of a good have to be shipped for 1 unit to arrive.
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Let qj
i be the price received by a producer in country j for each unit i he produces, and

let pj
i be the price paid by a consumer in country j for each unit he consumes. Note that

because we will be considering free trade areas accompanied by rules of origin (ROOs), qj
i

may be different from pj
i . For instance, if M imports good 1 from N, and exports good 1

to S, the price it pays for the imports may be different from the price it receives for its

exports. In particular, this happens when there is a corner solution, i.e., when a country

exports its entire endowment and consumes imports from another country. Income in the

three countries can now be defined as:

IN = qN
1 (1 + α) + qN

2 + qN
3

IS = qS
1 + qS

2 (1 + α) + qS
3

IM = qM
1 + qM

2 + qM
3 (1 + α) (3)

Demand for good i in region j is:

cj
i =

Ij

3pj
i

(4)

where pj
i is the price country j pays for good i. As mentioned before, pj

i need not be the

same as qj
i .

We are now ready to analyze three different trade arrangements among the three countries.

Starting from a situation in which trade is restricted by the use of a uniform tariff, two

countries can decide to form a free trade area, liberalizing trade flows amongst each other,

and retaining uniform tariffs vis à vis imports from the third country. A second possible

scenario is the one in which one country establishes a free trade with each one of the

remaining two countries separately. We will call this a “hub-and-spoke” arrangement, where

the hub is the country engaged in two free trade areas, and the spokes are the countries

which are part to only one such arrangement. The third possible scenario is global free

trade, where all three countries completely remove trade barriers among each other. We

start by analyzing the case of a bilateral free trade area.

2.1 Bilateral free trade area

Consider the situation in which country N and M have decided to remove trade restrictions

between each other, while MFN tariffs are maintained among all other countries. We call
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this the case of the bilateral FTA. For the moment we assume the MFN tariffs not to be

prohibitive; we will later determine the prohibitive tariff endogenously.

2.1.1 Non prohibitive MFN tariff

Given the endowment structure, we start by determining the prices each country pays for the

different goods. Because of the symmetric setup, and in the absence of a hub, it should be

clear that qj
i = pj

i . Normalization and symmetry allow us to write pN
1 = pN

3 = pM
1 = pM

3 = 1.

Since M and N import good 2 from S, it follows that pN
2 = pM

2 = pS
2 (1 + τ). The prices in

S are pS
1 = pS

3 = 1 + τ and pS
2 . To simplify notation, we write pS

2 = p2.

Income in the different countries is:

IN = 2 + α + p2(1 + τ)

IM = 2 + α + p2(1 + τ)

IS = 2(1 + τ) + (1 + α)p2 (5)

Consumption levels in countries j = N, M are:

cj
1 =

2 + α + p2(1 + τ)
3

cj
2 =

2 + α + p2(1 + τ)
3p2(1 + τ)

cj
3 =

2 + α + p2(1 + τ)
3

(6)

Consumption levels in S are:

cS
1 =

2(1 + τ) + (1 + α)p2

3(1 + τ)

cS
2 =

2(1 + τ) + (1 + α)p2

3p2

cS
3 =

2(1 + τ) + (1 + α)p2

3(1 + τ)
(7)

The trade balance between N and S can be written as:

(1 + τ)(cS
1 − 1) = p2(1 + τ)(cN

2 − 1) (8)
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Plugging in (6) and (7) into (8) allows us to solve out for p2:

p2 =
3 + α + τ

3 + α + 2τ
(9)

The value of trade between N and M is:

xNM =
1
3
(α− 1 +

(1 + τ)(3 + α + τ)
3 + α + 2τ

) (10)

while value of trade between S and N (and symmetrically between M and S) is given by:

xNS = (cS
1 − 1)(1 + τ) = xMS =

α(3 + α)− 2τ(2 + τ)
3(3 + α + 2τ)

(11)

Utility levels in the different countries are:

uN =
((2 + α)(3 + α + 2τ) + (1 + τ)(3 + α + τ))3

27(1 + τ)(3 + α + τ)(3 + α + 2τ)2

uM =
((2 + α)(3 + α + 2τ) + (1 + τ)(3 + α + τ))3

27(1 + τ)(3 + α + τ)(3 + α + 2τ)2

uS =
((3 + α)2 + (11 + 3α)τ + 4τ2)3

27(1 + τ)2(3 + α + τ)(3 + α + 2τ)2
(12)

2.1.2 Prohibitive MFN tariff

We have done our analysis for an FTA with non prohibitive MFN tariffs. The level of the

prohibitive tariff is easy to determine. Trade between N and S and between M and S will

occur as long as p2(1 + τ) is smaller or equal than the price of good 2 in M and N in the

absence of trade with S. That price of good 2 in the absence of trade with S can be shown

to be equal to (2 + α)/2.2 As long as p2(1 + τ) < (2 + α)/2 the tariff is not prohibitive.

Solving out gives us the prohibitive tariff:

tFTA = −1 + (
2 + 3α + α2

2
)1/2 (13)

When the tariff is prohibitive, consumption levels in countries j = N, M are:

cj
1 = cj

3 = 1 +
α

2
cj
2 = 1 (14)

2In the absence of trade with S, income in N and M is 2 + α + p̃2, where p̃2 is the price of 2 in N and M

in the absence of trade with S. This implies that c̃N
1 = (2 + α + p̃2)/3. Because of symmetry, the absence of

trade with S implies that c̃N
1 = (2 + α)/2. Solving out gives us p̃2 = (2 + α)/2.
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Consumption levels in S are equal to endowments. The trade volume between N and S is

given by:

xNM =
α

2
(15)

and utility levels in the different countries are:

uN = (
2 + α

2
)2

uM = (
2 + α

2
)2

uS = 1 + α (16)

2.2 Hub-and-spoke

We now turn to considering a hub-and-spoke arrangement in which country M has signed

an agreement to create a free trade area with both N and S, while between N and S trade

continues to be limited by the presence of an MFN tariff τ between N and S.

FTAs are subject to rules of origin (ROOs). Therefore, simple arbitrage is not possible: M

cannot import good 1 from N and re-export it to S. However, indirect arbitrage is possible:

M can import good 1 from N to satisfy its own consumption, and export its own endowment

of good 1 to S. Although both goods are identical, the imports are “made in N” and the

exports are “made in M”. By symmetry, the same can happen with good 2. M imports

good 2 from S for its own consumption, and exports its own endowment of good 2 to N.

The rules of origin may be binding or not. ROOs are binding if at the price pM
1 , the demand

for imports of good 1 in S is more than the endowment of good 1 in M. In other words,

ROOs are binding if at the price pM
1 , cS

1 − 1 ≥ 1. By symmetry, this is equivalent to saying

that at the price pM
2 , the demand for imports of good 2 in N is more than the endowment

of good 2 in M: cN
2 − 1 ≥ 1. As in the previous case, tariffs may be prohibitive or not.

This gives us three relevant cases: ROOs are not binding; ROOs are binding and tariffs are

not prohibitive; and ROOs are binding and tariffs are prohibitive. In what follows, we look

in turn at these three cases.
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2.2.1 Non binding rules of origin

We will say that ROOs are not binding if at the price pM
1 , the demand for imports of good

1 in S is less than the endowment of good 1 in M. In other words, ROOs are not binding

if at the price pM
1 , cS

1 − 1 ≤ 1. By symmetry, this is equivalent to saying that at the price

pM
2 , the demand for imports of good 2 in N is less than the endowment of good 2 in M:

cN
2 − 1 ≤ 1.

Assuming ROOs are not binding, there can never be a difference between the price at which

country i sells good j and the price at which i buys good j. To see this, assume the export

price of good 1 in M were to be greater than the local price of good 1 in M, i.e., qM
1 > pM

1 .

If ROOs are not binding, there would then be an arbitrage opportunity: someone could buy

good 1 at a low price in M and sell it at a high price in S. This implies that in equilibrium

we must have qM
1 = pM

1 . The insight can be generalized to qj
i = pj

i for all i and all j.

It is now straightforward to show that if ROOs do not bind, the outcome replicates global

free trade. From our argument in the previous paragraph, we know that arbitrage ensures

that the price of good 1 is the same in M and in S, i.e., pS
1 = pM

1 . Moreover, because of

free trade between M and N, the price of good 1 should also be the same in M and in N,

i.e., pN
1 = pM

1 . Taking these two findings together implies that pN
1 = pS

1 = pM
1 . A similar

argument can be made to show that pN
2 = pS

2 = pM
2 . Finally, because M exports good 3

to both N and S, and because of the two FTAs, it follows that pN
3 = pS

3 = pM
3 . We have

therefore shown that the price of each good is equal across the three countries. De facto we

have replicated the integrated equilibrium.

We can now solve for the rest of the model very easily. Because of total endowments being

identical, and because of identical Cobb-Douglas preferences with equal weight on each

good, all prices will be identical. After normalizing, we can say that pj
i = 1 for i = 1, 2, 3

and j = N, S, M . The preferences imply that each country will consume one third of the

total endowment of each good:

cj
i = 1 + α/3 (17)
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The trade volume between N and M (and therefore between S and M) is:

xNM =
2
3
α (18)

This is because M exports 1
3α of good 3 (in which it has comparative advantage) and 1

3α

of good 2 (in which S has comparative advantage but in which M plays arbitrageur). The

exports of good 2 to N (and of good 1 to S) can be interpreted as “excess trade” due to

M being the hub. Note that there is no trade between N and S, as long as tariffs between

those two are strictly positive.

The utility of all three countries j = N, M,S is given by:

uj = (
3 + α

3
)3 (19)

One last condition remains to be determined: the condition that makes ROOs non binding.

The condition we derived before said that at a price pM
1 we should have cS

1 − 1 ≤ 1. We

now know that at that price cS
1 = 1 + α/3. Therefore, the condition for ROOs not to be

binding can be rewritten as

α ≤ 3

In other words, if comparative advantage is not too strong, our setup with two FTAs

(between M and N and between M and S), but no trade between N and S, replicates the

global free trade equilibrium in terms of consumption (and welfare). It does so by having

the hub (M) trade excessively with the spokes (N and S). However, if comparative advantage

is sufficiently strong, the economy will be unable to replicate the global free trade outcome.

We turn to this point in the next subsection.

2.2.2 Binding rules of origin with prohibitive tariffs

As said before, the rules of origin are binding if at the price pM
1 , the demand for imports

of good 1 in S exceeds the endowment of good 1 in M. In other words, ROOs bind if for a

price qM
1 = pM

1 , cS
1 − 1 > 1. In that case, the price at which M exports good 1 to S, qM

1 ,

will be greater than the domestic price of good 1 in M, pM
1 . As a result, the price of good

1 in S will be greater than the price of good 1 in M: pS
1 = qM

1 > pM
1 . By symmetry, we will

have pN
2 = qM

2 > pM
2 . Since prices of identical goods are different across countries, we will
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be unable to replicate the integrated economy. We furthermore assume that MFN tariffs

are prohibitive, so that there is no trade between N and S.

We start by simplifying some of the prices. We already know that qM
1 = pN

1 and qM
2 = pS

2 .

For all other prices, we have qj
i = pj

i . By symmetry, and after normalizing, we have

pN
1 = pS

2 = 1. Because of the two FTAs, pM
1 = pM

2 = 1 and pN
3 = pS

3 = pM
3 . Further by

symmetry, we have pN
2 = pS

1 . This leaves us with 3 prices, which we will denote by p1, p2,

and p3 (with p1 normalized to 1):

pN
1 = pS

2 = pM
1 = pM

2 = 1

pN
2 = pS

1 = p2 > 1

pN
3 = pS

3 = pM
3 = p3 > 1 (20)

As a reminder, we also have:

qj
i =





pS
1 if i = 1 and j = M

pN
2 if i = 2 and j = M

pj
i else

(21)

To find analytical expressions for p2 and p3, we turn to the trade balance conditions. From

above, we know that the trade balance condition between N and M can be written as

qN
1 (1 + α − cN

1 ) = qM
2 (cN

2 − 1) + qM
3 (cN

3 − 1). Simplifying, this becomes (1 + α − cN
1 ) =

p2(cN
2 − 1) + p3(cN

3 − 1). Since the ROOs are binding, we know that N will import M’s

entire endowment of good 2, so that cN
2 − 1 = 1. This further simplifies the trade balance

condition between N and M to (1 + α− cN
1 ) = p2 + p3(cN

3 − 1), where cN
1 = 1+α+p2+p3

3 and

cN
3 = 1+α+p2+p3

3p3
. Solving out for p3 gives us:

p3 = 5p2 − (1 + α)

Now we just need one more condition to determine p2 and p3. We know that exports

by M of good 3 are equal to 1 + α − cM
3 . Because of symmetry, half of those exports,

(1+α− cM
3 )/2, go to N. The imports by N of good 3 are equal to cN

3 − 1. This implies that

(1 + α− cM
3 )/2 = cN

3 − 1, where cM
3 = (2p2 + p3(1 + α))/(3p3). Solving out for p2 gives us:

p2 =
1
2
(p3(3 + α)− (1 + α))
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We now have two equations in two unknowns, p2 and p3. Solving out for p2 and p3 gives

us:

p2 =
4 + 5α + α2

13 + 5α

p3 =
7(1 + α)
13 + 5α

(22)

Given these prices, we can now determine consumption in each country. Starting with N,

we have:

cN
1 =

2(4 + 5α + α2)
13 + 5α

cN
2 = 2

cN
3 =

2(4 + α)
7

By symmetry, consumption in S is:

cS
1 = cN

2

cS
2 = cN

1

cS
3 = cN

3

Finally, consumption in M is:

cM
1 =

5 + 8α + 3α2

13 + 5α

cM
2 =

5 + 8α + 3α2

13 + 5α

cM
3 =

5 + 3α
7

Plugging the expressions of consumption into the utility function gives us welfare in each

country:

uN =
8(4 + α)(4 + 5α + α2)

7(13 + 5α)

uS =
8(4 + α)(4 + 5α + α2)

7(13 + 5α)

uM =
(5 + 3α)(5 + 8α + 3α2)2

7(13 + 5α)2
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The last thing left to do is to say something about trade openness. The value of trade

between N and M is 1 + α − cN
1 . Given symmetry, this is also equal to the value of trade

between S and M, so that:

xNM =
5 + 8α + 3α2

13 + 5α
(23)

2.2.3 Binding rules of origin with non prohibitive tariffs

When MFN tariffs are non prohibitive, there will be positive trade between N and S. The

level of the prohibitive tariff will be derived endogenously later on. We start by looking at

prices. We can normalize pN
1 = pS

2 = 1. Because ROOs are binding, and tariffs are not

prohibitive, pN
2 = qM

2 = 1 + τ . By symmetry, pS
1 = qM

1 = 1 + τ . Because of the two FTAs,

pM
1 = pM

2 = 1. Since M freely exports good 3 to N and S, we have pM
3 = pS

3 = pN
3 . By

analogy with (20), we can reduce the number of prices to 3:

pN
1 = pS

2 = pM
1 = pM

2 = 1

pN
2 = pS

1 = 1 + τ

pN
3 = pS

3 = pM
3 = p3 (24)

Also, by analogy with (21) we have:

qj
i =





pS
1 if i = 1 and j = M

pN
2 if i = 2 and j = M

pj
i else

(25)

As a result, the income level in the three countries are given by

IN = IS = 2 + α + τ + p3

IM = 2(1 + τ) + (1 + α)p3 (26)

We can now write down the trade balance conditions.3 We start with the trade balance

between N and M. Since under binding ROOs M exports all of its endowment of good 1 to

S, all its consumption of good 1, cM
1 must come from imports coming from N. In return,

M exports all of its endowment of good 2 to N. In addition, M also exports cN
3 − 1 units

3Since each country has a comparative advantage in one good, trade between each pair of countries must

be balanced.
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of good 3 to N. Taking into account the correct prices, this gives us the following trade

balance between N and M:

cM
1 = (1 + τ) + p3(cN

3 − 1) (27)

We can now determine the only remaining price p3. As a reminder, cM
1 = 2(1+τ)+p3(1+α)

3

and cN
3 = 2+α+τ+p3

3p3
.4 Plugging these values into (27), we can now solve out for p3:

p3 =
3 + α + 2τ

3 + α
(28)

We can now endogenously derive when τ is prohibitive. The idea is simple: the price at

which N sells good 1 to S, 1+ τ , should not be greater than the price at which M sells good

1 to S when trade is prohibited between N and S. That latter price is given by 4+5α+α2

13+5α .

Setting this expression equal to 1 + τ , and solving out for τ gives us the maximum tariff

level, above which the tariff becomes prohibitive:5

τHS =
α2 − 9
13 + 5α

(29)

We can now derive the levels of consumption in each country, by substituting prices into

(3) and (4). Consumption of the different goods in N is:

cN
1 =

(α + 3)2 + τ(5 + α)
3(3 + α)

cN
2 =

(α + 3)2 + τ(5 + α)
3(3 + α)(1 + τ)

cN
3 =

(α + 3)2 + τ(5 + α)
3(3 + α + 2τ)

By analogy, consumption in S is:

cS
1 =

(α + 3)2 + τ(5 + α)
3(3 + α)(1 + τ)

cS
2 =

(α + 3)2 + τ(5 + α)
3(3 + α)

cS
3 =

(α + 3)2 + τ(5 + α)
3(3 + α + 2τ)

4Again, notice that the value of good 1 and 2 in M depends on the price at which it sells them, which is

1 + τ .
5Note that you would get the same expression if you set p3 from equation (28) equal to p3 from equation

(22), and solved out for τ .
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Finally, consumption in M is:

cM
1 =

(α + 3)2 + 4τ(α + 2)
3(3 + α)

cM
2 =

(α + 3)2 + 4τ(α + 2)
3(3 + α)

cM
3 =

(α + 3)2 + 4τ(α + 2)
3(3 + α + 2τ)

The value of exports between the hub (M) and each spoke (N or S) is given by

xMN = cM
1 pM

1 == xMS =
(α + 3)2 + 4τ(α + 2)

3(3 + α)
(30)

while the value of trade6 between the two spokes is given by

xNS = (cS
1 − 2)(1 + τ) = xSN =

α2 − 9− τ(13 + 5α)
3(3 + α)

(31)

Substituting the values of consumption into our utility function (2) we can determine the

level of welfare enjoyed in each country:

uN =
((3 + α)2 + (5 + α)τ)3

27(3 + α)2(3 + α + 2τ)(1 + τ)

uS =
((3 + α)2 + (5 + α)τ)3

27(3 + α)2(3 + α + 2τ)(1 + τ)

uM =
((3 + α)2 + 4(2 + α)τ)3

27(3 + α)2(3 + α + 2τ)
(32)

2.3 Global free trade

Given the symmetric structure of our model, it follows immediately that under free trade

pj
i = qj

i for all i and j, and we can normalize the prices setting them equal to one. As a

result,

cj
i = 1 + α/3

Plugging this into the utility function gives us welfare in each country:

uj = (1 + α/3)3

6Value of exports at international prices, pN
1 = 1.
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The volume of trade between each pair of countries (value of trade) is given by:

xjk =
α

3
(33)

i.e. under global free trade, each country would export a value 2
3α of the good in which it

has comparative advantage.

3 Trade and welfare across regimes

In this section we analyze how the volume of trade between N and M changes across different

regimes. In all three regimes, there is free trade between N and M. However, trade flows

between N and M will depend on whether neither, one or both have free trade with S. We

also compare welfare.

3.1 Bilateral FTA versus global free trade

We start by comparing the bilateral FTA to global free trade. We focus on the FTA with

non prohibitive tariffs. Trade between N and M as a share of income in both countries

under the FTA is:

(
xNM

IN
)FTA = (

xNM

IM
)FTA =

α2 + 3α(1 + τ) + τ(2 + τ)
3((3 + α)2 + (8 + 3α)τ + τ2)

(34)

The corresponding expression under global free trade is:

(
xNM

IN
)GFT = (

xNM

IM
)GFT =

α

3(3 + α)2
(35)

Dividing (35) by (34) gives us:

(
xNM

IN
)GFT /(

xNM

IN
)FTA =

α((3 + α)2 + (8 + 3α)τ + τ2)
(3 + α)(α2 + 3α(1 + τ) + τ(2 + τ))

(36)

The expression for M is identical. Since the numerator is greater than the denominator in

(36), the following proposition holds true:

Proposition 1 (Comparing trade volumes under FTA and global free trade)

Suppose there is free trade between N and M, and an MFN tariff between N and S and

between M and S. The MFN tariff is nonprohibitive. If then global free trade is introduced

between N, M and S, trade between N and M as a share of income in N and M goes down.
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This result makes sense: initially there was free trade between N and M, but not with S.

Going to global free trade amounts to a uniform increase in free trade for both N and M.

This will tend to reduce the volume of trade between N and M.

We now turn to the welfare comparison between FTA and global free trade. Relative utility

under both regimes for both N and M is given by:

(uN )GFT

(uN )FTA
=

(uM )GFT

(uM )FTA
=

(3 + α)3(1 + τ)(3 + α + τ)(3 + α + 2τ)2

((1 + τ)(3 + α + τ) + (2 + α)(3 + α + 2τ))3
(37)

If t = 0, (37) is equal to 1. Differentiating (37) with respect to t, and evaluating it at t = 0

gives us:
α(6 + 5α + α2)

(3 + α)3
> 0

In other words, with a small enough tariff, utility under global free trade is greater than

under the bilateral FTA case. This gives us the following proposition:

Proposition 2 (Comparing welfare under FTA and under global free trade)

Suppose there is free trade between N and M, and a nonprohibitive MFN tariff which is

small enough between N and S and between M and S. If then global free trade is introduced,

welfare goes up in both N and M.

3.2 Bilateral FTA versus hub-and-spoke

When we move from the FTA case to the hub-and-spoke arrangement, we want to know what

happens to the volume of trade between N and M as a share of each one’s income. In the

FTA case we have the expression (34). When we move to the hub-and-spoke arrangement,

and focusing on the case with binding ROOs and nonprohibitive tariffs, we get:

(
xNM

IN
)HS =

(3 + α)2 + 4(2 + α)τ
3((3 + α2) + (5 + α)τ)

(
xNM

IM
)HS =

1
3

(38)

We now compare the share of trade when moving from an FTA to a hub-and-spoke arrange-

ment. In the case of N, we have:

(
xNM

IN
)HS/(

xNM

IN
)FTA =

((3 + α)2 + 4(2 + α)τ)((3 + α)2 + (8 + 3α)τ + τ2)
((3 + α)2 + (5 + α)τ)(α2 + 3α(1 + τ) + τ(2 + τ))

(39)
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Since the numerator is greater than the denominator in (39), it follows that trade between

N and M as a share of income in N goes up when we move from an FTA to a hub-and-spoke

arrangement, where M is the hub and N is the spoke. Likewise, trade between N and M as

a share of income in M also increases. This is obvious from the following expression:

(
xNM

IM
)HS/(

xNM

IM
)FTA = 1 +

3(3 + α + 2τ)
α2 + 3α(1 + τ) + τ(2 + τ)

(40)

We can now summarize this result:

Proposition 3 (Comparing trade volumes under FTA and hub-and-spoke)

Suppose there is free trade between N and M, and a nonprohibitive MFN tariff between N

and S and between M and S. Rules of origin bind. If then M signs a free trade agreement

with S, converting M into a hub, the volume of trade between N and M as a share of income

of N and M goes up.

This result suggests that the hub-and-spoke arrangement leads to excess trade between

M (the hub) and N (the spoke). Since M can play the role of indirect arbitrageur, trade

between N and M increases, compared to a situation where there is only an FTA between

N and M.

In terms of welfare, we can also compare utility levels between the FTA arrangement and

the hub-and-spoke situation. Utility in N and M under an FTA is are given by (??) and

under a hub-and-spoke are given by (32). Utility under the hub-and-spoke relative to the

FTA are given by:

(uN )HS

(uN )FTA
=

(3 + α + τ)(3 + α + 2τ)((3 + α)2 + (5 + α)τ)3

(3 + α)2((3 + α)2 + (8 + 3α)τ + τ2)3

(uM )HS

(uM )FTA
=

(1 + τ)(3 + α + τ)(3 + α + 2τ)((3 + α)2 + 4(2 + α)τ)3

(3 + α)2((1 + τ)(3 + α + τ) + (2 + α)(3 + α + 2τ))3
(41)

Expanding the numerators and the denominators of the above fractions gives us the follow-

ing proposition:

Proposition 4 (Comparing utilities under FTA and hub-and-spoke)
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Suppose there is free trade between N and M, and a nonprohibitive MFN tariff between N

and S and between M and S. Rules of origin bind. If then M signs a free trade agreement

with S, converting M into a hub, utility goes down in N (the spoke) and goes up in M (the

hub).

3.3 Hub-and-spoke vs global free trade

Under the hub-and-spoke arrangement exports between N and M as a share of their respec-

tive incomes goes down. This is an immediate consequence of combining Proposition 1 and

Proposition 3. We therefore have:

Proposition 5 (Comparing trade volumes under hub-and-spoke and global free

trade)

Suppose there is a hub-and-spoke arrangement, with free trade between M (hub) and N and

S (spokes), and a nonprohibitive MFN tariff between N and S. Rules of origin bind. If then

global free trade is introduced, the volume of trade between N and M as a share of income

of N and M goes down.

When comparing welfare, the effect on N (the spoke) is obvious from Propositions 2 and 4:

when going from a hub-and-spoke arrangement to global free trade, welfare in N goes up.

For the spoke it is easy to show that welfare goes down. Relative utility in M is:

(uM )HS

(uM )GFT
=

((3 + α)2 + 4(2 + α)τ)3

(3 + α)5(3 + α + 2τ)
(42)

Expanding numerator and denominator, it is straightforward to show that utility in M goes

down when going from hub-and-spoke to global free trade. We therefore have the following

result:

Proposition 6 (Comparing welfare under hub-and-spoke and global free trade)

Suppose there is a hub-and-spoke arrangement, with free trade between M (hub) and N and

S (spokes), and a nonprohibitive MFN tariff which is small enough between N and S. Rules
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of origin bind. If then global free trade is introduced between N, M and S, welfare goes up

in N and S (the spokes) and goes down in M (the hub).

3.4 Summarizing the comparative statics

Consider once again, our three country world. The starting point is free trade between N

and M. The question is how trade liberalization with S affects the trade volume between N

and M. If both N and M sign an FTA with S, we get global free trade. Trade between N

and M as a share of their incomes goes down, and welfare goes up. However, if only one

of the two signs an FTA with S, we get a hub-and-spoke arrangement. The value of trade

between N and M as a share of their incomes goes up, with welfare rising in the hub and

declining in the spoke.

The broader point we make is that trade between a pair of countries depends not only on

whether there is free trade between them, but also on the wider network of FTAs each

member is connected to. Going back to the previous comparisons, in all cases we have

free trade between N and M. However, how much will be traded between N and M will be

different depending on whether none, one or both countries have free trade with S.

4 Future work

This paper has used a simple stylized three-country three-good model to analyze how trade

between a pair of countries is affected by the wider network of FTAs each one is connected

to. Our work suggests that both the number of FTAs and the distribution of FTAs matters.

On the one hand, increasing the number of FTAs the pair is connected to tends to decrease

trade between the pair. On the other hand, however, if increasing the number of FTAs

leads to a hub-and-spoke situation, then trade between the pair tends to decrease. This is

because a hub-and-spoke arrangement leads to a form of arbitrage, which gets translated

into excess trade.

Although it is hardly our goal to provide a detailed account of all possibilities, there are a

number of obvious cases worth exploring. For instance, it would be interesting to see what

happens when the two spokes (N and S) are substitutes, rather than complements, in terms
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of their comparative advantage. Kowalczyk and Wonnacott (1992) discuss some of those

issues.

The next step is to take our theoretical predictions to the data. There is a recent empirical

literature on the effect of FTAs on trade, some of it discussed in the much broader survey

by Anderson and Wincoop (2004).7. A particularly relevant piece of work is Baier and

Bergstrand (2004), who find that FTAs do lead to a statistically significant increase in trade

between members. A conceptually similar line of work investigates the effect of currency

unions on trade flows (Rose and van Wincoop (2001)). Our objective is to extend this recent

literature by explicitly incorporating the hub-and-spoke effects of FTAs on trade flows of

member and non-member countries.
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