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Abstract

This paper takes into account three dimensions of heterogeneity in

a standard North-South trade agreement model. I �nd that the welfare

e�ects of a free trade agreement (FTA) depends on the type of het-

erogeneity considered. When size asymmetry or heterogeneity in the

demand of one good is considered, the small country tends to be better

o�, while the large country is worse o�. Thus, the small country must

compensate the large country for the FTA to be incentive-compatible.

However, in the presence of heterogeneity in the supply of one good,

the small country experiencing supply-side constraints (SS Cs) tends

to be worse o�, while the bigger is better o�. In this case, the transfer

must �ow from the large to the small country. This theoretical �nding

sheds light on ACP-EU treaties, which combine trade agreements with

development assistance. Testing this prediction with ACP-EU data re-

veals that the donor-recipient productivity ratio is a key determinant

of foreign aid allocation. This �nding is new to the empirical literature

of the determinant of foreign aid.
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1 Introduction

According to the GATT/WTO, 319 trade agreements were in force as of Jan-
uary 2012, most of which involve heterogeneous countries with respect to size,
supply and demand in world markets. Even though it can be welfare improv-
ing at the global level, a TA between two heterogeneous countries generally
bene�ts one country at the expense of its trading partner. Therefore, the win-
ning country is expected to compensate the losing one through a monetary
or a non-monetary transfer. The later takes on various forms: the adoption
of regulations and values in non-trade areas such as the investment code,
the protection of intellectual property rights (IPRs), the environment pro-
tection, labor and human rights, the migration and other issues (democracy,
governance, promoting peace and regional stability) (Balleix, 2010; Bond and
Park, 2002; Chau�our and Maur, 2011; Hoekman and Saggi, 2007; Limão,
2007). The inclusion of non-trade issues in either bilateral or WTO multi-
lateral trade negotiations certainly re�ects this opinion.

According to the conventional wisdom, a trade agreement between hetero-
geneous countries with respect to size bene�ts the small country that gains
access to its large partner's market is better o�, so it has to make a com-
pensation payment to the latter (Bond and Park, 2002; Park, 2000; Konishi,
Kowalczyk and Sjostrom, 2003; Kowalczyk, 2006). This conclusion is at odds
with the fact that large economies, such as the United States or the Euro-
pean Union (EU), make monetary transfers to developing countries under
their foreign aid policy. In particular, the EU combines trade agreements
with its foreign aid policy toward Africa, Caribbean, Paci�c (ACP) countries
(van der Staak, 2006; Fontagné, Mitaritonna, Laborde, 2011).

In this paper, I argue that foreign aid can be viewed as compensation
mechanism paid by rich countries to their commercial partners that experi-
ence a welfare loss due to trade agreements.1 This argument is supported

1Beside foreign aid, the EU uses another important compensation instrument not in-
cluded in the present analysis. In fact, the ACP were granted a nonreciprocal preferential
(NRP) access the EU market. This privileged treatment was incompatible with WTO
rules, as it discriminated the ACP group from other developing countries. Since the WTO
waiver that allowed this practice expired in January 2008, the NRP access has been pro-
gressively replaced by reciprocal EPAs, negotiated between the EU and each of the six
regional trade blocs of ACP countries. Despite this privileged access, the share of ACP
exports in the EU has decreased by more than half, from 8 % to about 3 % in a 25 year
period between 1975 and 2000. Many factors explain this disappointing result: the prolif-
eration of trade agreements worldwide that erode preferences, the limited scope (exclusion
of sensitive products to protect EU farmers), ACPs' low level of export diversi�cation,
administrative compliance costs of NRP access such as rules origin (see Candau and Jean,
2009; Manchin, 2005; Solignac-Lecomte, 2001).
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by the EU recognition that ACP countries face supply side constraints that
prevent them of taking full advantage of the economic partnership agree-
ments (EPAs) (European Research O�ce, 2007). By considering foreign aid
as a compensation mechanism, the present work sheds light on an important
motive for giving, namely supply heterogeneity which has been overlooked in
the aid literature.2

By studying several sources of heterogeneity in a trade model à la Bond
and Park (2002, hereafter, BP), this paper brings new insights on the welfare
e�ects of in a trade agreement (TA) model. In particular, it shows that,
depending on the kind of heterogeneity considered, a small country may be
either better or worse o� than its large partner country. This of course has
important implications in the direction of the compensating transfer, a point
that has been ignored in previous studies. To the best of my knowledge,
this is the �rst theoretical attempt to examine the di�erent welfare e�ects of
heterogeneity in a North-South trade agreement model. This is actually the
�rst contribution of this paper.

I consider three cases: �rst, I study size heterogeneity by introducing
a size parameter in both the supply and demand functions of the South.
Depending on the magnitude of that parameter, the South is either a small
or a big replica of the North. Then, I determine both countries' welfare under
Nash tari�s (�Nash welfare�) and under globally optimal tari�s (GOTs).3 To
determine the e�ects of the trade agreement on each country, I compare the
Nash welfare with the welfare under GOT. It turns out that free trade bene�ts
a country and harms its trading partner if the former is su�ciently smaller
than its partner. Stated di�erently, signing a trade agreement bene�ts the
small country, while harming its large counterpart. Therefore, the small
partner has to make a side payment to its larger commercial partner as
compensation. This well-established result probably describes the reality of
very few developing countries, such as BRIC countries (Brazil, Russia, India,
China) and other NIC (Newly Industrialized Countries) that possess a large

2Reasons for giving are well-documented in the literature; Lahiri and Raimondos-Moller
(1999) and Hamada (2008), for example, show the existence of a positive optimal value of
aid in presence of altruism. Alesina and Dollar (2000) shed light on political dimensions
of giving such as securing support in international arena. Finally, several empirical works
show that aid is export-promoting for donors (Nowak-Lehmann, Martinez-Zarzoso, Car-
dozo, Herzer and Klasen, 2010; Osei, Morrissey and Lloyd, 2004). In addition, Bhagwati,
Brecher and Hatta (1983) and Bhagwati, Brecher and Hatta (1985) prove the existence
of a �transfer paradox� (�immiserizing transfer�), namely the possibility that a transfer
improves the donor welfare and, at the same time, worsens that of the recipient.

3GOTs are tari�s that maximize the sum of both countries' welfare. It is implicitly
assumed that the under trade agreement, each country applies its GOT instead of its Nash
tari�.
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industrial sector and a solvable domestic demand.
Second, I analyze supply heterogeneity by adding a parameter on the

South's supply of both goods. Proceeding as in the previous section, I com-
pare welfare functions under both tari� regimes and �nd that a country, say
the South, loses (gains) if the parameter is smaller (greater) than a criti-
cal value.4 Thus, the South is worse o� under the trade agreement if it is
su�ciently smaller than the North. The intuition behind this is that, in
the presence of supply side constraints, the small country cannot take ad-
vantage of its bigger partner's market, as it is not able to enter it. Thus,
the small country has to be compensated by the big country. This �nding
better describes the situation of most least developed countries that have an
underdeveloped industrial sector. However, there is a range of values of the
parameter for which both countries are better o� under the TA.5

Third, I consider heterogeneity in demand and introduce a parameter
on the South's demand of both goods. The welfare analysis shows that the
country which has a su�ciently small domestic demand gains from the TA,
while the other loses.6 This last case beter re�ects the situation of developing
countries that produce for rich markets, as they lack a domestic demand for
their products. Therefore, they have to make compensation payments to
their big commercial partners.

According to my theoretical model, a country (the South) receives com-
pensation from its trading partner (the North) under one of the following con-
ditions: its relative size is smaller than unity, its relative supply or demand
for one traded good is smaller than unity. Armed with these relationships,
I then move to the second contribution of our paper: I confront these theo-
retical predictions with foreign aid data from the EU to ACP countries. As
noted by van der Staak (2006: 50), �the European Union has a long history of
o�ering trade agreements in combination with �nancial assistance to African
countries�.7 I measure country heterogeneity as the ratio of recipients' GDP

4In the appendix, I show that this result holds even if the parameter is only introduced
in the supply of one good.

5Our results are reminiscent of Furusawa and Konishi (2007, hereafter FK) who �nd
that a pair of countries sign an free trade agreement (FTA) only if their industrialization
levels are similar ; they conclude that developed countries and developing countries form
mutually exclusive trading blocs. Thus, an FTA between a developed economy and a less
developed one is possible only in presence of transfers (FK, 2005).

6In the appendix, I show that this result holds even if the parameter is only introduced
in the demand of one good.

7In fact, since the Yaoundé agreements signed in 1960s - the period when most African
colonies became independent from their European metropoles, the successive ACP-EU
treaties have included not only trade but also development and political dimensions. Thus,
the ACP-EU relationship was considered unique in the world (Nwobike, 2012).
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to donors' GDP for size. Proceeding similarly, I build an additional indica-
tor with countries' populations. To capture heterogeneity in supply, I proxy
their productivity with GDP per worker. Empirical results reveal that foreign
aid decreases with the recipients' relative GDP, population and productivity
measures.

These �ndings are robust to several sensitivity checks. First, I include
additional control variables expected to have in�uence on the donors' decision
to give aid. Then, I estimate the model with alternative techniques.

This paper is related to several strands of literature. In a theoretical
perspective, it tackles country size heterogeneity as BP (2002), Park (2000).
Moreover, many trade models study heterogeneity at the �rm level and deal
with the �rm's decision to enter a foreign market given its size and the �rm's
productivity in a monopolistic environment (Cherkashin and al., 2010; Kee
and Krishna, 2008; Melitz, 2008; Melitz and Ottaviano, 2008). Contrary
to these models, this article studies these two sources of heterogeneity at a
country-level heterogeneity in North-South two-good perfectly competitive
model of trade agreement (TA) presented below reaches a similar conclusion.
In a empirical perspective, this work is related to studies on the determinants
of foreign aid. Recipient's population size and national product (GDP) are
widely used as aid determinants in the literature (Alesina and Dollar, 2000;
Berthélemy and Tichit, 2004; Boone, 1996; Feeney and McGillivray, 2008;
Younas, 2008). The novelty introduced in the present study is to use the
recipient-donor ratio of these variables instead. Moreover, this paper is,
to the best of my knowledge, the �rst to use productivity heterogeneity as
determinant of the aid allocation behavior of donors.

This study has policy implications for non-trade concerns (NTCs) of TAs,
particularly the trade-related aspects of intellectual property rights (TRIPS).
For many scholars, the enforcement of more stringent IPRs in the South is
pro�table to the inventing countries of the North where innovating activities
are concentrated, but harmful to developing countries of the South where con-
sumers face higher prices (Chin and Grossman, 1990; Deardo�, 1990, 1992;
Ives, 2007). Combined with TAs, stringent TRIPS can e�ectively serve as
compensation from the South to the North for the North's market access. My
theory suggests that TRIPS should not be extended to all developing coun-
tries; on the contrary they should be selectively imposed only to developing
countries (DCs) that gain from TAs and most likely possess an imitative ca-
pacity. DCs that lose from TAs - notably least developed countries (LDC),
should be exempted to adhere to IPRs, since doing so implies a double loss
stemming not only from the TA but also from the TRIP'S adoption (which
is equivalent to an income transfer from poor consumers of the South to
monopoly inventors of the North). Instead, these DCs should receive com-
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pensation payments for the loss from TAs. Thus, TAs involving LDC should
be unlinked to IPRs, which further reduce their welfare.

Moreover, several scholars believe that stringent IPRs and trade liber-
alization reduce DC's policy space needed for their economic development
strategies, in order to move up the value chain, to consolidate their infant
industries and to strengthen their technological capacities (Ramdoo, 2011;
Wade, 2003). Actually, under FTAs like EPAs, many industrial and trade
policies become illegal and several resource-rich DCs are locked into a role of
suppliers of raw materials to resource-hungry (newly)developed countries.

The rest of the paper is organized as follows. Section 2 presents the
model. Section 3 describes the empirical results of country heterogeneity on
the aid allocation behavior of donors. Section 4 concludes.
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2 The model

I present a two-country two-sector trade agreement model in the spirit of
Bond and Park (2002, hereafter BP). In the absence of a trade agreement, two
countries, North and South, apply Nash tari�s unilaterally in their importing
sector, which are globally ine�cient. I determine their Nash welfare which
is compared to the welfare under trade agreement. As it is well known in
the literature, both countries gain when they are symmetric. I study three
cases of heterogeneity. First, I study size asymmetry and thus replicate BP
(2002), where one country is a small replica of the other. Then I introduce
two sources of heterogeneity not previously studied in the trade agreement
literature, namely heterogeneity in the supply, as well as in the demand of
traded goods. For brevity, I study heterogeneity in the supply and in the
demand of only one good, since results on the other good are qualitatively
the same (see appendix).

2.1 Trade agreement between countries of di�erent size

In this subsection, I study country heterogeneity in terms of size asymmetry,
South being North's replica. Consider a world with two countries, North (no
*) and South (*). The North's demand functions are linear are respectively
given by Dx(px) = α−βpx and Dy(py) = α−βpy. South's demand functions
are de�ned as D∗x(p

∗
x) = ψ (α− βpx) and D∗y(p∗y) = ψ

(
α− βp∗y

)
, where α >

0, β > 0 are parameters, ψ > 0 is the size parameter and px and py (p
∗
x and

p∗y) denote local consumer prices of goods x, y in the Norther (the Southern)
country.

Countries also have linear supply functions for each good, whose the pro-
duction takes place in a perfectly competitive environment. The North (resp.
the South) is assumed to have a comparative advantage over the production
of the good y (resp. x), which it exports. The North's supply functions are
given by Sx(px) = βpx for the import-competing good and Sy(py) = α+ βpy
for the export good. In the same manner, South's supply functions are given
by S∗x(p

∗
x) = ψ (α + βpx) and S

∗
y(p
∗
y) = ψ

(
βp∗y
)
.

In this setting, import tari�s are the only instrument available to govern-
ments to protect their import-competing industries. Thus, let τ (τ∗) be the
import tari� rate in the North (South) on imports of x (y), and pwi be the
world price of good i ∈ (x, y); each country's import good becomes:

Dx(px) = α− β(pwx + τ) D∗y(p
∗
y) = ψ

[
α− β(pwy + τ ∗)

]
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Market clearing conditions are respectively given by:

Dx(px)+D∗x(p
∗
x) = Sx(px)+S∗x(p

∗
x) Dy(py)+D∗y(p

∗
y) = Sy(py)+S∗y(p

∗
y) (1)

Solving for pwx and pwy yields equilibrium world market prices as functions
of the associated import tari�s:

pwx =
α− βτ

2β (1 + ψ)
pwy = ψ(α−βτ∗)

2β(1+ψ)

pwx and pwy are equivalent to the local prices in the exporting country
(pwx = p̂∗x and pwy = p̂y). Domestic price of x (y) in the North's (resp. the

South's) market is given by: p̂x (τ) ≡ pwx + τ = α+(1+2ψ)βτ
2β(1+ψ)

and p̂y (τ ∗) ≡
pwy + τ ∗ = ψα+(2+ψ)βτ∗

2β(1+ψ)
.

Countries' import demand functions, Mx (·) and M∗
y (·), and their export

supply functions, Ey (·) and E∗x (·), are respectively given by the following

Mx(p̂x (τ)) = α− 2βp̂x (τ) and M∗
y(p̂
∗
y(τ
∗)) = ψ

(
α− 2βp̂∗y (τ∗)

)
Ey(p̂y (τ)) = 2βp̂y (τ ∗) and E∗x(p̂

∗
x (τ ∗)) = 2ψβp̂∗x (τ)

Trade volumes are positive if tari�s are non-prohibitive; prohibitive tari�s
are found by setting imports to zero: τM=0 = αψ

(1+2ψ)β
and τ ∗M=0 = α

(2+ψ)β
.

2.1.1 Government objectives

Each government is assumed to maximize the aggregate welfare, W , which
is the sum of welfare in each sector, Wi. The latter is simply the sum of
consumer surplus (CSi), producer surplus (PSi), tari� revenue (TRi).

8

The North's aggregate welfare can be expressed as a function of τ , τ ∗ and
ψ:W (τ, τ ∗, ψ) = Wx (τ, ψ) +Wy(τ

∗, ψ),

8It is possible for one government to value the domestic producer surplus more than
the consumer surplus and than tari� revenue in the import-competing sector. In such
case, the government objective is to maximize the weighted sum of CS, PS and TR; this
generally leads to a positive global optimal tari� instead of a zero tari�. I do not consider
this in the model, since it does not bring additional insight.
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where

Wx(τ, ψ) =

ˆ α/β

p̂x(τ)

Dx(px)dpx +

ˆ p̂x(τ)

0

Sx(px)dpx + τM(p̂x (τ))

=
α2 − 3β2τ 2 + 2ψ (ψ (α2 − β2τ 2) + α2 + βτ (α− 4βτ))

4β (1 + ψ)2

Wy(τ
∗, ψ) =

ˆ α/β

p̂y(τ∗)
Dy(py)dpy +

ˆ p̂y(τ∗)

0

Sy(py)dpy

=
2α2 + ψ (4α2 + ψ (β2τ ∗2 − 2αβτ ∗ + 3α2))

4β (1 + ψ)2

Proceeding similarly with South , W ∗ (τ, τ ∗, ψ) = W ∗
x (τ, ψ) +W ∗

y (τ ∗, ψ).
South's welfare in sector x is

W ∗
x (τ, ψ) =

ˆ α/β

p̂x(τ)

D∗x(px)dpx +

ˆ p̂y(τ∗)

0

S∗x(px)dpx

=
ψ (β2τ 2 − 2αβτ + 3α2 + 2ψα2 (2 + ψ))

4β (1 + ψ)2

South's welfare in sector y is

W ∗
y (τ ∗, ψ) =

ˆ α/β

p̂y(τ∗)
D∗y(py)dpy +

ˆ p̂y(τ∗)

0

S∗y(py)dpy + τ ∗M∗(p̂y(τ
∗))

=
ψ (2α2 − 4β2τ ∗2 + ψ (ψα2 − 3ψβ2τ ∗2 + 2α2 + 2αβτ ∗ − 8β2τ ∗2))

4β (1 + ψ)2

Countries' welfare functions, Ŵ (τ, τ ∗, ψ) and Ŵ (τ, τ ∗, ψ) are given by

Ŵ (τ, τ∗, ψ) =
(5ψ2 + 6ψ + 3)α2 + 2ψαβτ − (4ψ2 + 8ψ + 3)β2τ2 + ψ2β2τ∗2 − 2αβψ2τ∗

4β (1 + ψ)2

(2)

Ŵ ∗(τ, τ∗, ψ) =
ψ
[
β2τ2 − 2αβτ + (3ψ2 + 6ψ + 5)α2 + 2ψαβτ∗ − (4 + 8ψ + 3ψ2)β2τ∗2

]
4β (1 + ψ)2

(3)
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2.1.2 Welfare analysis

In the absence of a trade agreement, each country chooses its tari� uni-
laterally to maximize its own welfare function, taking its commercial part-

ner tari� as given. Best-response tari�s τ , τ ∗ are such ∂Ŵ (τ,τ∗,ψ)
∂τ

= 0 and
∂Ŵ ∗(τ,τ∗,ψ)

∂τ∗
= 0; they are presented in table 1. Under a trade agreement,

countries set their tari�s at their global optimal level, τ , τ ∗ respectively, in or-
der to maximize their joint welfare W̃ (τ, τ ∗, ψ) = Ŵ (τ, τ ∗, ψ) + Ŵ ∗(τ, τ ∗, ψ).
Using these tari�s, I determine countries' welfares both under Nash tari�s
(�Nash welfare�) and GOTs as polynomials of ψ. For each country, the wel-
fare is only the di�erence between its Nash welfare and the welfare under
trade agreement. Algebraically, 4Ŵ = Ŵ (τ , τ ∗) − Ŵ (τ , τ ∗) for the North.
Results are presented in table 1 below:

Table 1. Welfare change when South is a replica of the North

North South

Nash tari�s τ (ψ) = ψα
β(4ψ2+8ψ+3)

τ ∗ (ψ) = ψα
β(3ψ2+8ψ+4)

GOTs τ (ψ) = 0 τ ∗ (ψ) = 0

Nash welfare
α2A1(ψ)
β B1(ψ)

α2A1∗(ψ)
β B1∗(ψ)

Cooperative welfare
α2(5ψ2+6ψ+3)

4β(1+ψ)2
ψα2(3ψ2+6ψ+5)

4β(1+ψ)2

Welfare change
α2ψ241(ψ)

4βD1(ψ)
α2ψ241∗(ψ)

4βD1(ψ)

with

A1 (ψ) = (ψ + 1)(45ψ5 + 243ψ4 + 488ψ3 + 454ψ2 + 204ψ + 36)

B1 (ψ) = (ψ + 2)2(3ψ + 2)2(2ψ + 3)(2ψ + 1)

A1∗ (ψ) = ψ(ψ + 1)(36ψ5 + 204ψ4 + 454ψ3 + 488ψ2 + 243ψ + 45)

B1∗ (ψ) = (ψ + 2)(1 + ψ)(2ψ + 3)2(2ψ + 1)2

41 (ψ) = 24ψ5 + 99ψ4 + 122ψ3 + 21ψ2 − 40ψ − 16

41∗ (ψ) = 24 + 99ψ + 122ψ2 + 21ψ3 − 40ψ416ψ5

D1 (ψ) = (1 + ψ)2(ψ + 2)2(3ψ + 2)2(2ψ + 3)(2ψ + 1)

D1∗ (ψ) = (1 + ψ)2(ψ + 2)(3ψ + 2)(2ψ + 3)2(2ψ + 1)2

Figure 1 describes the welfare e�ects of a free trade agreement (FTA)
between the two countries, with the South being a replica of the North. It
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shows that changes in traded quantities of goods x, y (panel A), in the inter-
national price ratio px/py (panel B) and in the countries' welfares ∆W (ψ)
and ∆W ∗(ψ) (panel C) all depend on the values of the size parameterψ. I
successively consider 3 cases. In case 2.1 a, countries are symmetric (ψ = 1).
Panels A and B show that, under an FTA, countries make equivalent trade
concessions - that is, when both countries liberalize trade, their imports in-
crease by the same amount, α/10, at an unchanged world terms of trade
(ToT) px/py = 1 [in other words,∆ (px/py) = 0]. As illustrated in panel C,
each country's welfare gain amounts to 7α2/1800β vis-à-vis the Nash welfare
that they would enjoy in the absence of the FTA.9
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Figure 1: welfare changes when South is a replica of the North ψ

9This result is reminiscent of Bagwell and Staiger (1999, 2001) who �nd that a trade
agreement between two large countries bene�ts both symmetric parties, as they experience
a welfare increase without terms-of-trade externalities. However, their analysis does not
extend to heterogeneous countries.
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In case 2.1 b, the South is smaller than the North (ψ < 1). As shown
in panel A of �gure 2, the North's exports of y to the South increase less
than its imports of x from the South after the reciprocal trade liberalization
(ψ2α/(ψ + 1)(3ψ + 2) < ψα/(ψ + 1)(2ψ + 3), for ψ < 1), thus the FTA is
more advantageous to the South (see panel C). In fact, this higher import
demand of good x pushes upward the world ToT (∆ (px/py) > 0 in panel
B), which a�ects countries' welfares.10 Panel C illustrates that the South's
welfare always increases, while the net welfare change in the North depends
on the value of the parameter ψ. If the South is su�ciently small compared
to the North

(
ψ < ψ

)
, the North is worse o� under an FTA. Then, the North

will not sign the treaty to open up its large market to the South unless it
provides for a compensation mechanism to transfer welfare from the South to
the North. This well-known result is a rationale for the inclusion of non-trade
concerns (NTCs) such IPRs, environment protection in either bilateral or
WTO multilateral trade negotiations. When ψ = ψ, the North is indi�erent
regarding signing the tari� cut since its Nash welfare equals its welfare under
an FTA. However, at some values of If ψ < ψ < 1, both countries bene�t
from signing the FTA, although the North's welfare gain is higher than the
South's because of the price externality.

The case 2.1 c is the opposite of the previous case, as the South is now
bigger than the North (ψ > 1). From panel A, it is easily seen that the
North's exports of y to the South increase than its imports of x from the
South (ψ2α/(ψ + 1)(3ψ + 2) > ψα/(ψ + 1)(2ψ + 3), for ψ > 1), and hence
the FTA is more bene�cial to the North (see panel C). Actually, the higher
import demand of good y pushes the world ToT (∆ (px/py) < 0) downward,
which alters countries' welfares. As depicted in panel C, the South is always
better o� under an FTA, while the North's welfare change depends on the
value of ψ. If the North is su�ciently small compared to the South (ψ > ψ∗),
the South is worse o� under an FTA. Then, there will be no agreement unless
international transfers are allowed to compensate the South for its welfare
loss. If ψ = ψ∗, the South's welfare under the treaty equals its Nash welfare,
so that it is indi�erent regarding signing the FTA. However, at some values
of If 1 < ψ < ψ∗, both countries bene�t from signing the FTA, even if the
North gains more than the South due to the ToT e�ect.

10Recall that, in a two-country model, a country's exports to its partner are necessarily
equal to its partner's imports.
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From all the above, I can state the following proposition

Proposition 1: Let W (ψ, τ , τ ∗) and W (ψ, 0, 0) be a country's welfare at
the Nash equilibrium and under free trade respectively; given the size hetero-
geneity parameter ψ, the per-period compensation transfer T that the country
gaining from the FTA is willing to pay to its trading partner for its welfare
loss due to the FTA is given by

1. if ψ < ψ, the South (the smaller country) is ready to compensate
the North (the larger country) with a per-period transfer T ∗ (ψ) =
W (ψ, τ , τ ∗)−W (ψ, 0, 0),

2. ψ ≤ ψ ≤ ψ∗, no transfer is made since both countries are better o�
under FTA,

3. ψ > ψ∗, the North (the smaller country) is ready to compensate the
South (the larger country) with a per-period transfer T (ψ) = W ∗ (ψ, τ , τ ∗)−
W ∗ (ψ, 0, 0).

Proof :

In what follows, I proof the existence of the critical values ψ and ψ∗of the
size parameter; in addition, I show that countries' welfare change polynomial
functions, ∆W (ψ) and ∆W ∗(ψ), behave as depicted in panel C of �gure 1.
First, note that lim

ψ→0
∆W (ψ) = 0. Second, to determine the shape of the

∆W (ψ) curve, consider its FOC ∂(∆W (ψ))
∂ψ

= −α2ψC1(ψ)
βE1(ψ)

,

with

C1 (ψ) =

(
96 + 488ψ + 100ψ2 − 4466ψ3 − 13346ψ4 − 18366ψ5

−13527ψ6 − 4874ψ7 − 282ψ8 + 330ψ9 + 72ψ10

)
E1 (ψ) = (1 + 2ψ)2 (1 + ψ)3 (2 + ψ)3 (2 + 3ψ)3 (3 + 2ψ)3

Solving numerically for ∂ (∆W (ψ)) /∂ψ = 0 brings two positive extrema
candidates: ψm ∼= 0.2885 and ψm ∼= 4.1161. To check whether they are max-

ima or minima, I get the SOC of ∆W (ψ) equals to ∂2(∆W (ψ))
∂2ψ

= α2C2(ψ)
βE2(ψ)

,

with

C2 (ψ) =

 −1152− 1728ψ + 71280ψ2 + 525440ψ3 + 174464ψ4 + 320059ψ5

+2942072ψ6 − 271368ψ7 − 4413683ψ8 − 6029602ψ9 − 4455192ψ10

−1977008ψ11 − 488370ψ12 − 39744ψ13 + 8712ψ14 + 1728ψ15


E2 (ψ) = (1 + ψ)4 (1 + 2ψ)3 (2 + ψ)4 (2 + 3ψ)3 (3 + 2ψ)3
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Since ∂2(∆W (ψ1))
∂2ψ

= 0.0401α
2

β
> 0, ψn is a minimum (the point where the

welfare loss is maximum) and ψn is a maximum given that ∂2(∆W (ψ2))
∂2ψ

=

−0.0006α
2

β
< 0. 4W (ψ) intersects with the x-axis at ψ ∼= 0.5562; this value

is found by setting 4W (ψ) = 0. Beyond the point ψ, 4W (ψ) becomes and
remains negative positive, since lim

ψ→∞
∆W (ψ) = 0.11 Thus, it turns out that

∆W (ψ) < 0 for ψ < ψ; on the contrary, ∆W (ψ) > 0 when ψ > ψ.
Proceeding similarly with the South, lim

ψ→0
∆∗W (ψ) = 0. Its FOC is given

by ∂(∆∗W (ψ))
∂ψ

= α2ψC∗1(ψ)
4βE∗1(ψ)

,

with

C∗1 (ψ) =

(
576 + 4140ψ + 10548ψ2 + 6887ψ3 − 19483ψ4 − 48621ψ5

−47743ψ6 − 23092ψ7 − 4388ψ8 + 384ψ9 + 192ψ10

)
E∗1 (ψ) = (1 + 2ψ)3 (1 + ψ)3 (2 + ψ)3 (2 + 3ψ)3 (3 + 2ψ)3

Setting ∂ (∆∗W (ψ)) /∂ψ = 0 and solving numerically gives two positive ex-
trema candidates: ψs ∼= 0.5820 and ψs ∼= 6.1508. With the SOC of ∆W (ψ)
these points can qualify as maxima or minima; in fact, which is given by
∂2(∆∗W (ψ))

∂2ψ
= −α2C∗2(ψ)

βE∗2(ψ)

with

C∗2 (ψ) =

 −1758− 8712ψ + 39744ψ2 + 488370ψ3 + 1977008ψ4 + 4455192ψ5

+6029602ψ6 + 4413683ψ7 + 271368ψ8 − 2942072ψ9 − 3200596ψ10

−1744644ψ11 − 525440ψ12 − 71280ψ13 + 1728ψ14 + 1152ψ15


E∗2 (ψ) = (1 + ψ)4 (1 + 2ψ)4 (2 + ψ)3 (2 + 3ψ)3 (3 + 2ψ)4

Since ∂2(∆W ∗(ψs))
∂2ψ

∼= −0.0247α
2

β
< 0, ψs is a maximum (the point of the higher

welfare gain) and ψs is a minimum given that ∂2(∆W ∗(ψs))
∂2ψ

∼= 0.0001α
2

β
> 0.

4W ∗ (ψ) intersects with the x-axis at ψ∗ ∼= 1.7978; this value is found by
setting 4W ∗ (ψ) = 0. Beyond the point ψ∗, 4W ∗ (ψ) becomes and re-
mains negative, since lim

ψ→∞
∆W ∗(ψ) = 0.12 From the above, ∆W ∗(ψ) > 0 for

ψ < ψ∗; conversely, ∆W ∗(ψ) < 0 when ψ > ψ∗. Moreover, for ψ < ψ < ψ∗,
∆W (ψ) > 0 and ∆W ∗(ψ) > 0 �

11To compute this limit, divide both the numerator and the denominator by ψ5; since
lim
ψ→∞

(
1/ψi

)
= 0, with i ≥ 1, then lim

ψ→∞
∆W (ψ) = 0.

12To compute this limit, divide both the numerator and the denominator by ψ5; since
lim
ψ→∞

(
1/ψi

)
= 0, with i ≥ 1, then lim

ψ→∞
∆W (ψ) = 0.
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2.2 Trade agreement in the presence of heterogeneity

in the supply functions

In this subsection, I study country heterogeneity in terms of production of
one good, y. Countries' demands are de�ned as follows: Dx(px) = α − βpx
and Dy(py) = α − βpy for the North; the South's demand functions are
symmetrically de�ned as D∗x(p

∗
x) = α − βp∗x and D∗y(p

∗
y) = α − βp∗y. As in

section 2.1, px, py (resp. p∗x, p
∗
y) denote the local prices for the imported

(exported) good x and the exported (imported) good y in the Northern (the
Southern) market.

Supply functions in the North are given by Sx(px) = βpx and Sy(py) =
α+βpy. Similarly, South's supply functions are given by S∗x(p

∗
x) = α+βpx and

S∗y(p
∗
y) = Λ

(
βp∗y
)
, where the parameter Λ εR+ captures the heterogeneity in

the countries' supply of good y. If Λ ≤ 1, then South faces supply-side
constraints (SSCs) for its imported good; in particular, Λ = 0 means that
South is a completely undiversi�ed economy, while Λ = 1 means South is
fully diversi�ed and that both countries are symmetric. The North (resp. the
South) has a comparative advantage over the production of good y (resp.x),
which it exports.

As in the previous section 2.1, import tari�s τ , τ ∗ are the only policy
instruments that countries can use to protect their import-competing sec-
tors. When tari�s are below their prohibitive levels, the domestic prices
of imported goods are px = p∗x + τ in North and p∗y = py + τ ∗ so that
Dx(px) = α − β(pwx + τ) D∗y(p

∗
y) = α − β(pwy + τ ∗), where pwx and pwy are

equivalent to the local prices in the exporting country (pwx = p̂∗x and p
w
y = p̂y).

Under market clearing conditions given by (3), equilibrium world market

prices pwx and pwy are respectively pwx = (2−Λ)α−βτ
β(3+Λ)

and pwy = α−βτ∗
β(3+Λ)

. The

domestic price of the good x in the North p̂x (τ) ≡ pwx + τ = (2−Λ)α+(2+Λ)βτ
β(3+Λ)

and that of the good y in the South is p̂y (τ ∗) ≡ pwy + τ ∗ = α+(Λ+2)βτ
β(3+Λ)

.

Countries' import demand functions, Mx (·) and M∗
y (·), and their export

supply functions, Ey (·) and E∗x (·), are respectively given by

Mx(p̂x (τ)) = α− 2βp̂x (τ) and M∗
y(p̂
∗
y(τ
∗)) = α− (1 + Λ) βp̂∗y (τ∗)

Ey(p̂y (τ)) = 2βp̂y (τ ∗) and E∗x(p̂
∗
x (τ ∗)) = (Λ− 1)α + (1 + Λ) βp̂∗x (τ)
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There is trade only if tari�s are below prohibitive levels, which are τM=0 =
α(3Λ−1)
2β(2+Λ)

and τ ∗M=0 = 2α
β(2+3Λ+Λ2)

.

2.2.1 Government objectives

Each government is assumed to maximize the aggregate welfare, W , as de-
�ned in 2.1.1.

The North's aggregate welfare can be expressed as a function of τ , τ ∗

and Λ:W (τ, τ ∗,Λ) = Wx (τ,Λ) +Wy(τ
∗,Λ),

where

Wx (τ,Λ) =
(1 + Λ2) 5α2 + (3Λ− 1) 2αβτ − (8 + 6Λ + Λ2) 2β2τ 2

2β (3 + Λ)2

Wy(τ
∗,Λ) =

(11 + 6Λ + Λ2)α2 − 4αβτ ∗ + 2β2τ ∗2

2β (3 + Λ)2

Proceeding similarly with the South ,W ∗ (τ, τ ∗,Λ) = W ∗
x (τ,Λ)+W ∗

y (τ ∗,Λ).
The South's welfare in sector x is

W ∗
x (τ,Λ) =

(1− Λ3 + 20Λ− 2Λ2)α2 + (1− 3Λ) 2αβτ + (1 + Λ) β2τ 2

2β (3 + Λ)2

The South's welfare in sector y is

W ∗
y (τ ∗,Λ) =

4αβτ ∗ − (8 + 14Λ + 7Λ2 + Λ3) β2τ ∗2 + (4 + 5Λ + Λ2)α2

2β (3 + Λ)2

Countries' total welfare functions, Ŵ (τ, τ ∗,Λ) and Ŵ s∗(τ, τ ∗,Λ) are given
by

Ŵ s(τ, τ ∗,Λ) = 1
2β(3+Λ)2

(
(1 + Λ2) 5α2 + (3Λ− 1) 2αβτ − (8 + 6Λ + Λ2) 2β2τ 2

+ (11 + 6Λ + Λ2)α2 − 4αβτ ∗ + 2β2τ ∗2

)
(4)

Ŵ s∗(τ, τ ∗,Λ) = 1
2β(3+Λ)2

(
(1− Λ3 + 20Λ− 2Λ2)α2 + (1− 3Λ) 2αβτ + (1 + Λ) β2τ 2

+4αβτ ∗ − (8 + 14Λ + 7Λ2 + Λ3) β2τ ∗2 + (4 + 5Λ + Λ2)α2

)
(5)
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2.2.2 Welfare analysis

The analysis of this section follows that of 2.1.2. Note when Λ < 1, the
South's tari� level is strictly higher than North's tari�. This observation
supports the claim that most developing countries, particularly, least de-
veloping countries heavily rely on import tari� revenues for a large share
of government �nance, contrary to their developed counterparts (Gallagher,
2008). Fiscal capacity is lowered in countries where the informal economy
amounts up to three quarters of the GDP (Gordon and Li, 2005). Moreover,
τ ∗reaches its maximum at 1

4
α
β
when Λ = 0. Actually, it is easy to verify that

the South's non-cooperative tari� decreases in Λ
(
∂τ∗

∂Λ
< 0
)
.

Table 2. Welfare change in the presence of heterogeneity

in the supply of the good y

North South

Nash tari�s τ (Λ) = α(3Λ−1)
β(8+6Λ+Λ2)

τ ∗ (Λ) = 2α
β(Λ+1)(Λ+2)(Λ+4)

GOTs τ
=

(Λ) = 0 τ
=

∗ (Λ) = 0

Nash welfare
α2A2(Λ)
4β B2(Λ)

α2A2∗(Λ)
8β B2∗(Λ)

Cooperative welfare
α2(8+3Λ+3Λ2)

β(3+Λ)2
α2(5+25Λ−Λ2−Λ3)

2β(3+Λ)2

Welfare change
α242(Λ)
4βD2(Λ)

α242∗(Λ)
8βD2(Λ)

with

A2 (Λ) = 12Λ6 + 108Λ5 + 377Λ4 + 748Λ3 + 965Λ2 + 710Λ + 216

B2 (Λ) = (Λ + 1)
2

(Λ + 2)
2

(Λ + 4)
2

A2∗ (Λ) = − (3 + Λ)
(
4Λ5 + 20Λ4 − 80Λ3 − 364Λ2 − 313Λ− 51

)
B2∗ (Λ) = (1 + Λ)(2 + Λ)2(4 + Λ)2

42 (Λ) = −9Λ6 − 66Λ5 − 142Λ4 − 64Λ3 + 151Λ2 + 250Λ + 104

42∗ (Λ) = 36Λ5 + 219Λ4 + 328Λ3 − 34Λ2 − 228Λ− 97

D2 (Λ) = (1 + Λ)2(2 + Λ)2(3 + Λ)2(4 + Λ)2

D2∗ (Λ) = (1 + Λ)(2 + Λ)2(3 + Λ)2(4 + Λ)2

Figure 2 illustrates the welfare e�ects of a free trade agreement (FTA) in
the presence of heterogeneity in the countries' supply of good y. It reveals
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that the changes in traded quantities of x, y (panel A), in the international
price ratio (terms-of-trade, ToT) px/py (panel B) and in the countries' wel-
fares ∆W (Λ) and ∆W ∗(Λ) (panel C) are all functions of the parameter Λ,
which captures the supply-side constraints (SSCs) faced by the South. In
the previous section (case 2.1.a), I �nd that when the North and the South
are symmetric (Λ = 1), the reciprocal trade liberalization induces an equal
increase of imports from one country to another (α/10), at an unchanged
ToT px/py = 1. As a result, both countries experience a welfare gain of
7α2/1800β each. In what follows, I consider two cases : Λ < 1 (case 2.2 a)
and Λ > 1 (case 2.2 b) respectively.
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Figure 2: North / South welfare change with Λ

When it experiences SSCs (case 2.2 a), the South experiences a higher
increase of its imports of good y from the North compared to its exports of
x to the North (2α/(3 + Λ)(4 + Λ) > α (3Λ− 1) / (3 + Λ) (4 + Λ), for Λ < 1)
and hence, the reciprocal liberalization is more bene�cial to the North (see
panel C). Actually, this higher import demand of good y induces a lower
price ratio than in case 2.2.1 (∆ (px/py) < 0 in panel B). Panel C shows that
the North is always better o� , while the South's welfare change depends on
the value of Λ. If the South's supply of good y is su�ciently small compared
to the North (Λ < Λ∗), then the South is worse o� under an FTA. In such
a case, the FTA is not incentive-compatible, unless it includes a convention
in which compensation payments (i.e., monetary transfers or �foreign aid� in
the case of ACP-EU conventions) are available as a device to transfer welfare
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between signatories in a lump-sum fashion. Note that the South's welfare loss
and consequently the compensation payment decrease with the parameter Λ,
up to the point Λ = Λ∗, where the South is indi�erent regarding signing the
tari� cut deal, as its welfare is the same under both tari� regimes. Finally, if
Λ∗ < Λ < 1, both countries gain from the FTA, although the North bene�ts
more than the South because of the TOT change.

Now, consider that the South's supply of good y is higher than the
North's (Λ > 1)(case 2.2 b). This last case is the opposite of the case
4. Under the FTA, the South's exports of good x to the North increase
more than its imports of good y from the North (2α/(Λ + 4)(Λ + 3) <
α (3Λ− 1) / (3 + Λ) (4 + Λ), for Λ > 1). This higher import demand of x
pushes upward the relative price of good x (∆ (px/py) > 0). As depicted
in panel C, the South is always better o� under an FTA, while the North's
welfare change depends on the value of Λ. ForΛ < Λ, both countries gain
form an FTA, even though the South's gain is greater than the North's. At
some point Λ = Λ, the South is indi�erent between signing or not the FTA.
Beyond that point (Λ > Λ), the North is worse o� under the FTA and its
loss increases with Λ; this implies that the greater is Λ, the greater will be
the compensation payment. Thus, it will sign the tari� cut deal if and only
if it receives a lump-sum transfer from the South. When 1 < Λ < Λ, both
countries gain from the FTA, although the North bene�ts more than the
South. All the above can be summarized the following proposition

Proposition 2: Let W (Λ, τ , τ ∗) and W (Λ, 0, 0) be a country's welfare
at the Nash equilibrium and under free trade respectively; given the supply
heterogeneity parameter Λ, the per-period compensation transfer T that the
country gaining from the FTA is willing to pay to its trading partner for its
welfare loss due to the FTA is given by

1. if Λ < Λ∗, the North (the large supplier of good y) is ready to compen-
sate the South (the small supplier of good y) with a per-period transfer
T (Λ) = W ∗ (Λ, τ , τ ∗)−W ∗ (ψ, 0, 0),

2. if Λ∗ ≤ Λ ≤ Λ, no transfer is made since both countries are better o�
under an FTA,

3. if Λ > Λ, the South (the large supplier of good y) is ready to compen-
sate the South (the small supplier of good y) with a per-period transfer
T ∗ (Λ) = W s (Λ, τ , τ ∗)−W s (Λ, 0, 0).
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Proof :

In what follows, I proof the existence of the critical values Λ and Λ∗of the
size parameter; in addition, I show that countries' welfare change polynomial
functions, ∆W (Λ) and ∆W ∗(Λ), behave as depicted in panel C of �gure 2.
First, note that lim

ψ→0
∆W (Λ) = 13

288
α2

β
. Second, to determine the shape of the

∆W (Λ) curve, consider its FOC ∂(∆W (Λ))
∂Λ

= α2F1(Λ)
2βG1(Λ)

,

with

F1 (Λ) =

(
−2200− 9906Λ− 18549Λ2 − 20367Λ3 − 13835Λ4

−5091Λ5 − 475Λ6 + 299Λ7 + 99Λ8 + 9Λ9

)
G1 (Λ) = (1 + Λ)2 (2 + Λ)2 (3 + Λ)2 (4 + Λ)3

Solving numerically for ∂ (∆W (Λ)) /∂Λ = 0 brings one positive extremum
Λn
∼= 3.87. The SOC test tells if this point is a maximum or a minimum.

The SOC of ∆W (Λ) equals to ∂2(∆W (Λ))
∂2Λ

= −α2F2(Λ)
2βG2(Λ)

,

with

F2 (Λ) =

 −92256− 562248Λ− 1392576Λ2 − 2087580Λ3 − 2243261Λ4

−1798460Λ5 − 1032220Λ6 − 393128Λ7 − 87046Λ8

−6500Λ9 + 1540Λ10 + 396Λ11 + 27Λ12


G2 (Λ) = (1 + ψ)4 (2 + ψ)4 (3 + ψ)4 (4 + ψ)4

Since ∂2(∆W (Λn))
∂2Λ

= 0.0012α
2

β
> 0, Λn is a minimum (the point where the

welfare loss is maximum). 4W (Λ) intersects with the x-axis at Λ ∼= 1.2168;
this value is found by setting 4W (Λ) = 0. Beyond the point Λ, 4W (Λ)
becomes and remains negative, since lim

ψ→∞
∆W (Λ) = 0.13 Thus, it turns out

that ∆W (Λ) > 0 for Λ < Λ; on the contrary, ∆W (Λ) < 0 when Λ > Λ.
Proceeding similarly with the South, lim

ψ→0
∆W ∗(Λ) = − 97

4601
α2

β
. Its FOC is

given by ∂(∆W ∗(Λ))
∂Λ

= −α2F ∗1(Λ)
8βG∗1(Λ)

,

with

C∗1 (ψ) =

(
−1900− 15354Λ− 45759Λ2 − 56819Λ3 − 30946Λ4

−5240Λ5 + 1525Λ6 + 693Λ7 + 72Λ8

)
E∗1 (ψ) = (1 + Λ)2 (2 + Λ)3 (3 + Λ)3 (4 + Λ)3

Setting ∂ (∆W ∗(Λ)) /∂Λ = 0 and solving numerically gives a positive ex-
tremum candidate, Λs ∼= 3.6977. I use the SOC test to determine whether

13To compute this limit, divide both the numerator and the denominator by ψ5; since
lim
ψ→∞

(
1/ψi

)
= 0, with i ≥ 1, then lim

ψ→∞
∆W (ψ) = 0.
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this point is a maximum or a minimum; the SOC is given by ∂2(∆W s∗(ψ))
∂2ψ

=
α2F ∗2(ψ)
2βG∗2(ψ)

with

F ∗2 (Λ) =

 32274 + 169982Λ + 114897Λ2 − 498272Λ3 − 1128684Λ4

−1060266Λ5 − 538068Λ6 − 146942Λ7 − 15354Λ8

+2084Λ9 + 711Λ10 + 54Λ11


G∗2 (Λ) = (1 + Λ)3 (2 + Λ)4 (3 + Λ)4 (4 + Λ)4

Given that ∂2(∆W ∗(Λs))
∂2Λ

∼= −0.0023α
2

β
< 0, Λs is a maximum (the point of

the higher welfare gain). 4W ∗ (Λ) cuts the x-axis at Λ∗ ∼= 0.8341; this
value is found by setting 4W ∗ (Λ) = 0. Beyond the point Λ∗, 4W s∗ (Λ) be-
comes and remains positive; actually lim

Λ→∞
∆W ∗(Λ) = 0.14 From the above,

∆W ∗(Λ) < 0 for Λ < Λ∗; conversely, ∆W ∗(Λ) > 0 when Λ > Λ∗. Moreover,
for Λ∗ < Λ < Λ, ∆W (Λ) > 0 and ∆W ∗(Λ) > 0 �

14To compute this limit, divide both the numerator and the denominator by ψ5; since
lim
ψ→∞

(
1/ψi

)
= 0, with i ≥ 1, then lim

ψ→∞
∆W (ψ) = 0.
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2.3 Trade agreement in the presence of heterogeneity

in the demand functions

In this subsection, I study country heterogeneity in terms of market size for
both products, x, y. The North's demand functions are given by : Di(pi) =
α− βpi, with i ∈ [x, y]. Likewise for the South, D∗i (p

∗
i ) = λ (α− βp∗i ) where

the parameter λ εR+ captures the heterogeneity in the countries' demand of
both goods. If λ < 1 (resp. λ > 1), then the South has limited (resp. bigger)
market demand for both goods compared to the North. As in section 2.1, the
local prices for the imported (exported) good x and the exported (imported)
good y in the North (the South) market are given by px, py (resp. p

∗
x, p

∗
y).

The North's supply functions are as follows: Sx(px) = βpx and Sy(py) =
α + βpy. Similarly, the South's supply functions are symmetrically de�ned
by S∗x(p

∗
x) = α + βpx and S∗y(p

∗
y) = βp∗y. The North (resp. the South) has

a comparative advantage over the production of good y (resp.x), which it
exports.

As in the previous section 2.1, import tari�s τ , τ ∗ are the only policy
instruments at the countries' disposal to protect their import-competing sec-
tors. When tari�s are below their prohibitive levels, the domestic prices of
imported goods are px = p∗x + τ in the North and p∗y = py + τ ∗ so that

Dx(px) = α − β(pwx + τ) D∗y(p
∗
y) = λ

[
α− β(pwy + τ ∗)

]
, where pwx and pwy

are de�ned as in the previous section. Under market clearing conditions
given by (3), equilibrium world market prices pwx and pwy are respectively

pwx = αλ−βτ
β(3+λ)

and pwy = λ(α−βτ∗)
β(3+λ)

. The domestic price of the good x in the

North p̂x (τ) ≡ pwx + τ = αλ+(2+λ)βτ
β(3+λ)

and that of the good y in the South is

p̂y (τ ∗) ≡ pwy + τ ∗ = αλ+3βτ∗

β(3+λ)
.

Countries' import demand functions, Mx (·) and M∗
y (·), and their export

supply functions, Ey (·) and E∗x (·), are respectively given by

Mx(p̂x (τ)) = α− 2βp̂x (τ) and M∗
y(p̂
∗
y(τ
∗)) = αλ− (1 + λ) βp̂∗y (τ∗)

Ey(p̂y (τ)) = 2βp̂y (τ ∗) and E∗x(p̂
∗
x (τ ∗)) = (1− λ)α + (1 + λ) βp̂∗x (τ)

Prohibitive tari�s levels are given by τM=0 = α(3−λ)
2(2+λ)β

and τ ∗M=0 = 2λα
3(1+λ)β

.
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2.3.1 Government objectives

Each government is assumed to maximize the aggregate welfare, W , as de-
�ned in 2.1.1.

The North's aggregate welfare can be expressed as a function of τ , τ ∗

and λ:W (τ, τ ∗, λ) = Wx (τ, λ) +Wy(τ
∗, λ),

where

Wx(τ, λ) =
α2 (9 + λ2) + 2 (3− λ)αβτ − 2 (8 + 6λ+ λ2) β2τ 2

2β (3 + λ)2

Wy(τ
∗, λ) =

3α2 (3 + 2λ+ λ2)− 4αβλ2τ ∗ + 2β2λ2τ ∗2

2β (3 + λ)2

Proceeding similarly with the South ,W ∗ (τ, τ ∗, λ) = W ∗
x (τ, λ)+W d∗

y (τ ∗, λ).
the South's welfare in sector x is

W ∗
x (τ, λ) =

15λα2 + 3α2λ2 + 2αβλτ − 6αβτ + β2τ 2 + β2λτ 2

2β (3 + λ)2

the South's welfare in sector y is

W ∗
y (τ ∗, λ) =

9α2λ+ α2λ2 + 4αβλ2τ ∗ − 15β2λτ ∗2 − 9β2τ ∗2 − 6β2λ2τ ∗2

2β (3 + λ)2

Countries' total welfare functions, Ŵ (τ, τ ∗, λ) and Ŵ (τ, τ ∗, λ) are given
by

Ŵ (τ, τ ∗, λ) = 1
2β(3+λ)2

(
α2 (9 + λ2) + 2 (3− λ)αβτ − 2 (8 + 6λ+ λ2) β2τ 2

+3α2 (3 + 2λ+ λ2)− 4αβλ2τ ∗ + 2β2λ2τ ∗2

)
(6)

Ŵ ∗(τ, τ ∗, λ) =
9α2 − 2αβτ + β2τ 2

32β
+

(3λ− 2) 2αβτ ∗ − (15λ+ 16) β2τ ∗2 + 5λα2

32β
(7)
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2.3.2 Welfare analysis

Table 3. Welfare change in the presence of heterogeneity

in the demand of the good y

North South

Nash tari�s τ (λ) = α(3−λ)
2β(8+6λ+λ2)

τ ∗ (λ) = 2λ2α
3β(5λ+3+2λ2)

GOTs τ
=

(λ) = 0 τ
=

∗ (λ) = 0

Nash welfare
α2A3(λ)

36β B3(λ)
α2A3∗(λ)

24β B3∗(λ)

Cooperative welfare
α2(9+3λ+2λ2)

β(3+λ)2
2λα2(6+λ)
β(3+λ)2

Welfare change
α243(λ)

36βD3(λ)
α243∗(λ)

3600βD3(λ)

with

A3 (λ) = 208λ6 + 1632λ5 + 5804λ4 + 12000λ3 + 14841λ2 + 9882λ+ 2673

B3 (λ) = (1 + λ)
2

(2 + λ) (3 + 2λ)
2

(4 + λ)

A3∗ (λ) = 112λ6 + 1488λ5 + 7240λ4 + 16170λ3 + 16465λ2 + 5844λ− 279

B3∗ (λ) = (1 + λ) (2 + λ)
2

(3 + 2λ) (4 + λ)
2

43 (λ) = 80λ8 + 720λ7 + 2188λ6 + 2820λ5 + 1575λ4 + 108λ3 − 1458λ2 − 1944λ− 729

43∗ (λ) = −
(
16λ8 + 192λ7 + 808λ6 + 1482λ5 + 1429λ4 + 948λ3 − 1350λ2 − 4374λ− 2511

)
D3 (λ) = (1 + λ)

2
(2 + λ) (3 + 2λ)

2
(3 + λ)2 (4 + λ)

D3∗ (λ) = (1 + λ) (2 + λ)
2

(3 + 2λ) (3 + λ)2 (4 + λ)
2

Figure 3 depicts the welfare e�ects of an North-South FTA in the presence
of heterogeneity in the demand of good y. It illustrates how the heterogeneity
parameter λ a�ects the changes in the quantities of x, y traded (panel A), the
international price ratio px/py (panel B) and the countries' welfares ∆W (λ)
and ∆W ∗(λ) (panel C). In section 2.1, it has been shown that an FTA is
equally bene�cial to both trading partners when they are symmetric (λ = 1,
see case 2.1 a); in fact, it boots their bilateral exports (α/10), at an unchanged
terms-of-trade (ToT) px/py = 1. As a consequence, the North and the South
experience a welfare gain of 7α2/1800β each. Hereafter, I study two cases :
λ < 1 (case 2.3 a) and λ > 1 (case 2.3 b) respectively.

If the South has a smaller demand for good y than the North (case
2.3 a), its imports of y from the North increase in a lesser extent than its
exports of x (2λ2α/(2λ + 3)(λ + 3) < α (3− λ) / (3 + λ) (4 + λ), for λ < 1).
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This higher import demand of x commands a higher international price ratio
(∆ (px/py) > 0 in panel B); thus, the South is always better o� under free
trade, while the North's welfare change depends on the value of λ as shown
in panel C. If the South's demand of good y is su�ciently small compared
to the North (λ < λ), then the North is worse o� under an FTA. Note that
its welfare loss decreases with the smaller is the parameter λ. In such a
case, the South needs to compensate the North for the FTA to be incentive-
compatible; the amount of the compensation decreases with the parameter
up to the point λ = λ, where the North is indi�erent between signing or not
the tari� cut. At that point, its Nash welfare equals is free trade welfare. In
the region where λ < λ < 1, both countries bene�t from the FTA, although
the North gains less than the South due to the ToT e�ect.
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Figure 3: North / South welfare change with λ

When the South's demand of good y is higher than the North's (case
2.3 b), its imports of y from the North are higher than its exports of
x (2λ2α/(2λ + 3)(λ + 3) > α (3− λ) / (3 + λ) (4 + λ), for λ > 1). This
higher import demand of y pushes the relative price of good x downward
(∆ (px/py) < 0). As a consequence, the North's welfare always increases un-
der an FTA, whilst that of the South depends on the value of λ. For values
λ < λ∗, both countries gain form an FTA, even though the North bene�ts
more than the South due to the TOT e�ect. At the point where λ = λ∗, the
South is indi�erent regarding signing the FTA, since its Nash welfare equals
its free trade welfare. However, if λ > λ∗, the South is worse o� under the
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FTA, and is willing to sign the FTA if and only if it receives a lump-sum
transfer from the North. Note that the loss increases with λ; thus, the greater
is λ, the greater will be the transfer to the North. Panel C shows that both
countries gain from the FTA when λ < λ < 1.

From the above, I make the following proposition:

Proposition 3: Let W (λ, τ , τ ∗) and W (λ, 0, 0) be a country's welfare
at the Nash equilibrium and under free trade respectively; given the size het-
erogeneity parameter λ, the per-period compensation transfer T (λ) that the
country gaining from the FTA is willing to pay to its trading partner for its
welfare loss due to the FTA is given by

1. for λ < λ, the South (the small consumer of good y) is ready to compen-
sate the North (the large consumer of good y) with a per-period transfer
T ∗ (λ) = W (λ, τ , τ ∗)−W (λ, 0, 0),

2. for λ ≤ λ < λ∗, no transfer is made since both countries are better o�
under FTA,

3. for λ > λ∗, the North (the small consumer of good y) is ready to com-
pensate the South (the small consumer of good y) with a per-period of
transfer T (λ) = W ∗ (λ, τ , τ ∗)−W ∗ (λ, 0, 0).

Proof :

In what follows, I proof the existence of the critical values λ and λ∗of the
size parameter; in addition, I show that countries' welfare change polynomial
functions, ∆W (λ) and ∆W ∗(λ), behave as depicted in panel C of �gure 3.
First, note that lim

λ→0
∆W (λ) = − 1

32
α2

β
. Second, to determine the shape of the

∆W (ψ) curve, consider its FOC ∂(∆W (ψ))
∂ψ

= α2H1(ψ)
18βI1(ψ)

,

with

H1 (λ) =

(
54675 + 287955λ+ 629127λ2 + 888975λ3 + 1204227λ4 + 1564245λ5 + 1500873λ6

+941869λ7 + 372378λ8 + 88972λ9 + 11664λ10 + 640λ11

)
I1 (λ) = (1 + λ)3 (2 + λ)2 (3 + λ)3 (3 + 2λ)3 (4 + λ)2

Solving numerically for ∂ (∆W (λ)) /∂ψ = 0 brings no positive extremum can-
didate; 4W (λ) intersects with the x-axis at λ ∼= 0.8639; this value is found
by setting 4W (λ) = 0. Beyond the point λ, 4W (λ) becomes and remains
positive; in fact, lim

λ→∞
∆W (λ) = 5

9
α2

β
. Thus, it turns out that ∆W (λ) < 0 for

λ < λ; on the contrary, ∆W (λ) > 0 when ψ > λ.
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Proceeding similarly with the South, lim
λ→0

∆∗W (λ) = 31
512

α2

β
. Its FOC is

given by ∂(∆∗W (ψ))
∂ψ

= −α2H∗1(ψ)
24βI∗1(ψ)

,

with

H∗1 (ψ) =

(
378108 + 1638306λ+ 2876715λ2 + 2855763λ3 + 2194698λ4 + 1779196λ5

+1345575λ6 + 726483λ7 + 249864λ8 + 51612λ9 + 5808λ10 + 272λ11

)
I∗1 (ψ) = (1 + λ)2 (2 + 3λ)2 (2 + λ)3 (3 + λ)3 (4 + λ)3

Setting ∂ (∆∗W (λ)) /∂λ = 0, it turns out that ∆∗W (λ) admits no positive
solution, but cuts the x-axis at λ∗ ∼= 1.1492; this value is found by setting
4W ∗ (λ) = 0. Beyond the point λ∗,4W ∗ (λ) becomes and remains negative;
indeed, lim

λ→∞
∆W ∗(λ) = −1

3
α2

β
.15 From the above, ∆W ∗(λ) > 0 for λ < λ;

conversely, ∆W ∗(λ) < 0 when λ > λ. Moreover, for λ < λ < λ∗, ∆W (λ) > 0
and ∆W ∗(λ) > 0 �

15To compute this limit, divide both the numerator and the denominator by ψ5; since
lim
ψ→∞

(
1/ψi

)
= 0, with i ≥ 1, then lim

ψ→∞
∆W (ψ) = 0.
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3 Empirical analysis

The purpose of this section is to see how the presence of heterogeneity in
both aggregate demand and supply a�ects bilateral donors' decision to allo-
cate foreign aid to their developing trading partners. Demand heterogeneity
is captured by two variables, namely the ratio of the recipient's GDP to the
donor's GDP, on the one hand, and the ratio of both countries' populations,
on the other hand. Supply heterogeneity is captured by the ratio of output
per worker. By doing so, the present work contributes to the empirical lit-
erature on the determinants of foreign aid. In fact, the supply-side has been
overlooked in most studies, which use the recipients' population and GDP to
test if aid allocation is a response to recipients' needs (Alesina and Dollar,
2000; Berthélemy and Tichit, 2004; Boone, 1996; Feeny and McGillivray,
2008; Younas, 2008). As shown in the estimation results of section 3.2, the
heterogeneity of supply explains more aid allocation than demand hetero-
geneity.

3.1 Data and Methodology

The data on bilateral aid �ows (O�cial Development Assistance, ODA) from
countries to the ACP countries is taken from the Development Assistance
Committee (DAC) of the OECD, as reported in the World Development
Indicators (WDI). The sample extends from 2005 to 2010 and covers 60
ACP countries that received a positive amount of foreign aid each year from
any of the 15 European Union members (see appendix A and B for lists of
EU and ACP countries). It should be noted that 69 % of the total aid is
accounted for by four countries: United Kingdom (23 %), France (22 %),
Germany (15 %) and the Netherlands (9 %) (Figure 4). I have converted
the aid �ows into constant 2005 dollars using the world import value index
and then divided by the recipients' population to get real aid per capita; the
later is used in the sensitivity analysis (table 6).

My goal is to check if heterogeneity in demand and supply in�uences the
aid allocation decision of European donors. For the demand side, hetero-
geneity is measured by GDPACP

GDPEU
and by PopulationACP

PopulationEU
, while the supply hetero-

geneity is measured by GDPACP /workerACP

GDPEU/workerEU
. To control for donor self-interest

motive for giving, the model also includes EU exports to ACPs. Tables 4
and 5 below respectively present the summary statistics and the correlation
between the dependent variable Ln aid and the main regressors. There is a
positive relationship between Lnaid and Lnimports , which suggests that the
more ACP countries import from European donors, the more they receive
aid. Lnaid is negatively associated with each relative size index; the high-
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est correlation in absolute terms is found with Relative productivity . One
can expect that an increase in the recipients' relative productivity to have
a higher negative impact on aid allocation than an increase in the relative
population size or the relative GDP. A more detailed description of the data
and sources is included in the Appendix.

Table 4: Description of data used in the analysis

Variables N Mean Std. dev. Min Max

lnaid 2868 15.02 2.34 8.96 21.83

lnimports 2826 9.47 2.37 -0.062 15.92

relative GDP 2868 0.073 0.35 0.00001 6.98

relative population 2868 4.24 13.89 0.001 163.61

relative productivity 2850 0.043 0.066 0.002 0.61

Landlocked 2868 0.33 0.47 0 1
geom_av_tari� 1533 1.059 0.057 1 1.14

elf1 2867 0.175 0.192 0 0.614

SS Africa 2868 0.926 0.261 0 1

Rule of law 2868 -0.724 0.589 -1.835 1.278

Notes: This table presents basic statistics for the variables used in the analysis.

The appendix contains sources and descriptions of the variables.

Table 5. Correlation between Ln aid and key variables

lnaid Relative Relative Relative lnimports

GDP Population productivity

ln aid 1.000 -0.0933 -0.1614 -0.2251 0.4364

Relative GDP 0.6399 0.2001 0.0785

Relative Population -0.0613 -0.2058

Relative productivity 0.2754

lnimports 1.000
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Figure 4. Cumulative bilateral aid (%), from 2005 to 2010.

Fig. 5 illustrates the correlation between real total aid and some of the
key explanatory variables. Panel 1 shows that the great majority of ACP
recipients have a smaller GDP than EU donors. In fact, most of the dots
in the scatter plot have an x-axis value smaller than one. Moreover, foreign
aid appears to decrease with the Relative GDP. From this panel, it is easily
seen that very poorer recipients - whose size is closed to 0 - receive more
aid. Panel 2 reveals that ACP recipients have generally a higher population
than EU donors; it displays a negative relation between development aid and
the recipients' relative population. Panel 3 shows that labor productivity is
much smaller in ACP countries than in EU countries. The great majority of
the dots in the scatter plot have an x-axis value lower than one half. As with
the two other relative size indexes, foreign aid is negatively associated with
the relative productivity measure. Finally, Panel 4 displays a general positive
correlation between foreign aid and imports. This observation suggests that
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export promotion is an important motivation of the EU aid towards ACP
countries.

To estimate the model, I use the pooled ordinary least squares (POLS)
with 1 year lagged value for all independent variables. This a reasonable
approach as donors receive information about a recipient with some time
lag (Younas, 2008). This also makes sense econometrically, since in presence
of potential simultaneous causation between the independent variable (Ln
aid) and the import variable (Ln imports), a standard assumption consists
of viewing lagged endogenous or exogenous variables as uncorrelated with
the error term (Wooldridge, 2000, p. 517).

Since relative size indexes (Population, GDP and Productivity) and the
geometric average tari� are expressed in percentage, I prefer to take natural
log of aid and imports. In this way, outlier e�ects on estimations are reduced;
coe�cients on the dummy variables provide information about their impact
on aid. Moreover, I also carry out Akaike Information Criterion (AIC) test
to assess the e�ciency of the estimated models, knowing that a lower value
of AIC is associated with an e�cient model.
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Figure 5. Correlations of bilateral foreign aid and �ve key explanatory variables

3.2 Estimation results

Graphs and the correlation table shown above highlight some interesting facts
about the donors' allocation decision. In this section, I run several regres-
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sions and thus measure the marginal e�ects of the aid determinants studied
in the previous section. It is assumed that all regressors are exogenous with
respect to aid. The natural log of total bilateral aid is used as the dependent
variable. Table 5 presents the results of 5 regressions. Relative productivity
is the only size variable that remains statistically signi�cant throughout all
the estimations at 1 % level; moreover, its coe�cient is the highest among
the three heterogeneity indicators. Relative population is signi�cant in re-
gressions (1), (3) and (4), while Relative GDP is signi�cant in none of the
estimations. The tari� variable, Geom avg tari�, has a positive sign and is
not statistically signi�cant throughout all the estimations. One variable cap-
tures donors' interest, Ln imports, which is positive and strongly statistically
signi�cant in all 5 estimations.

Column (1) reports the �base� model: all three measures of heterogeneity
have a negative coe�cient. That ofRelative GDP is -0.058 and insigni�cant.
The coe�cients of Relative population and Relative productivity are -0.019
and -12.694 respectively and are signi�cant at 5 % and 1 % level respectively.
This implies that the recipients' relative productivity is very important de-
terminant of donors' aid allocation. This �nding is new to the empirical
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Table 5. POLS Estimation: Dependent Variable: Log of aid 2005 to 2010.

LN (Bilateral aid)

Independent variables (1) (2) (3) (4) (5)

Relative GDP -0.058 -0.113 -0.059 -0.150 -0.112

(0.149) (0.143) (0.145) (0.165) (0.140)

Relative population -0.019 ** -0.013 -0.022 ** -0.021 ** -0.015 *

(0.009) (0.009) (0.009) (0.008) (0.009)

Relative productivity -12.694 *** -11.681 *** -13.933 *** -10.795 *** -12.781 ***

(1.294) (1.309) (1.490) (1.509) (1.504)

Geom avg tari� 0.707 0.272 0.897 * 0.772 0.454

(0.547) (0.553) (0.536) (0.544) (0.538)

Ln imports 0.580 *** 0.635 *** 0.578 *** 0.555 *** 0.632 ***

(0.053) (0.058) (0.053) (0.054) (0.058)

Ethnolinguistic - - 0.597 0.522 0.493

fractionalization (ELF1) (0.502) (0.485) (0.500)

Rule of law - - 0.206 - 0.181

(0.167) (0.165)

Landlocked - 0.686 *** - - 0.663 ***

(0.212) (0.212)

SS Africa - - - 1.113 ***

(0.420)

Constant 9.417 *** 9.017 *** 9.305 *** 8.393 *** 8.932 ***

(0.768) (0.831) (0.726) (0.827) (0.785)

R2 0.330 0.347 0.333 0.344 0.349

Observations (N) 1438 1438 1437 1437 1437

AIC 5897.38 5863.23 5888.967 5868.073 5857.756

Note: Estimated with heteroscedasticity-robust standard errors. Superscripts ***, ** and * indicate signi�cance

1, 5 and 10 % levels, respectively.

33



aid literature, since studies on the determinants of aid allocation do not
take into account the recipients' supply capacity, but rather focus on re-
cipients' needs. In fact, all the papers reviewed do not include relative size
indicators but use GDP and population variables (log or level) instead. More-
over, this result sheds light on the fact that aid is a compensation paid to
poor countries facing supply-side constraints that prevent them from taking
advantage of free trade. As a matter of fact, these recipient countries have
not a solvent demand for donor products, which justi�es aid. The fact that
Relative population enters negatively in the estimation suggests that donors
target relatively small populated recipients in order to maximize the impact
of their transfers.

Although insigni�cant, the coe�cient ofGeom avg tari� is positive (0.707)16;
this lends some support to the argument that aid serves as device to in�uence
recipients' trade policies. Foreign aid can also be viewed as a compensation
payment for the loss resulting from a trade agreement. Ln imports is statis-
tically signi�cant at 1 % level and its coe�cient is 0.580, the second highest
in absolute terms, after the productivity index.

Column (2) presents the results of regression (2), where a dummy variable
for landlocked ACP countries has been added to the base model. The idea is
to check if these countries receive more or less development assistance other
among ACPs. In fact, the 2008 EU-ACP agreement acknowledges the need
for �speci�c measures and provisions have been made to support landlocked
ACP States in their e�orts to overcome the geographical di�culties and the
other obstacles hampering their development so as to enable them to speed up
their respective rates of growth.� (Cotonou Agreement, PART 5, CHAPTER
1, ARTICLE 84, ACP/CE/en 109, 2008). Results support this statement,
since Landlocked has a positive coe�cient in both regressions (2) and (5),
which is 0.686 and 0.663 respectively.

In column (3), I introduce two variables into the base model: ethnolinguis-
tic fractionalization (ELF1) and rule of law. Following Easterly and Levine
(1997), ethnicity measures have been widely used as explanatory variables
in both empirical growth models and the resource curse literature. Using as
regressor in a foreign aid model, Ali and Isee (2006) �nd a positive e�ect of
ethnic diversity on foreign aid. Their explanation is that governments might
use foreign aid to secure the ethnic groups' support. I �nd that ethnolinguis-
tic fractionalization (ELF1) has a positive but insigni�cant e�ect on foreign
aid in regressions (3), (4) and (5). Rule of law is also added to see if it is a
criterion in aid allocation by donor countries. Its coe�cient is positive but

16As shown in the �rst chapter, the average tari� has a positive impact on aid, while
countries' tari�s negatively a�ect aid.
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insigni�cant in both regressions (3) and (5).
In column (4), I add a dummy for South Saharan Africa; the idea is to see

if the EU donors discriminate among the ACPs. Results reveal that SS Africa
receives more aid than other ACP countries. This is not surprising since once
donors' self-interest is taken into account; in fact, SS Africa is a more impor-
tant commercial partner than the Caribbean and the Paci�c states. From
the sample used on this study, it is observed that African countries import
on average 2.4 times more from EU donors than the Caribbean and 25.5
more than the Paci�c region. Moreover, the SS African has a larger popula-
tion and GDP compared to other ACPs. SS African average population size
(4.48) is higher than the two other regions (0.99 and 0.26 respectively), but
their relative GDP (0.076) is higher than that of the Caribbean (0.023) or
the Paci�c (0.007).

Column (5) presents the same equation than column (3) plus the land-
locked dummy. It has the highest adjusted R2(0.349). All its coe�cients
have been presented above.

3.3 Robustness check

To test the robustness of the results, I �rst change the dependent variable;
I use Ln aid per capita instead of Ln Aid. Results are reported in table 6.
Compared to in table 5, Relative GDP and Relative population display higher
coe�cients, while those of Relative productivity are lower in absolute terms;
in addition, standard errors are larger. However, all these coe�cients remain
negative throughout all �ve estimations. Relative GDP is still insigni�cant,
while Relative population is now statistically signi�cant in all the estimations
at 1 % level. This is straightforward, as aid per capita goes down with the
population size. Compared to the other heterogeneity measures, Relative
productivity still exert the higher e�ect on foreign aid; it is less signi�cant
than in table 5, except for estimation (3). This supports the claim that
supply-side constraints is the main factor explaining donors' decision to give.

The observations made about Ln Imports remain valid and con�rm the
view that donor's commercial interests play a crucial role in donor's aid
policy. The coe�cients of ELF1 are negative in equations (3)-(5). Rule of law
is still positive and becomes strongly signi�cant at 1 % level; its coe�cients
are higher than in table 5. The landlocked dummy remains signi�cant in the
estimations (3) and (5), though its coe�cients are slightly smaller. Finally,
the SS Africa dummy becomes negative and insigni�cant; this also makes
sense since African countries have larger populations than other ACPs. The
goodness-of-�t (R2) is much lower, compared to regressions where Ln Aid is
used as independent variable.
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The second sensitivity analysis consists of using the Huber M-estimator
that fully ignores large outliers and thus gives better results in terms of
e�ciency and robustness (Jann, 2012). The three heterogeneity variables
behave as in the main regressions (table 5). Relative productivity and Ln im-
ports have higher coe�cients and are still statistically signi�cant at 1 % in
all �ve estimations. ELF1 remains positive and becomes signi�cant in all
regressions (3)-(5). The removal of outliers clearly shows that multiethnic
recipient countries receive much more aid. The same observation applies to
landlocked dummy. Concerning the other variables, their coe�cients and
signs display the same pattern as that of estimations in table 5. The R2 are
slightly higher than in the main estimations of table 5.

As a last robustness check, I run a country pair-and-time �xed e�ects
(FE) estimation (1) and a random e�ects (RE) estimation (2) in table 8.
The model estimated corresponds to column (1) in the previous tables. Re-
sults obtained with the FE method are very similar to those presented in the
�rst column (1) in table 5. In the RE e�ect estimation, Relative GDP has
positive sign and remains insigni�cant; in addition, donors' interest seems
to play a less important role on aid allocation, since the coe�cient of Ln
Imports decreases approximately by half.
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Table 6. POLS Estimation: Dependent Variable: Log of aid per capita 2005 to 2010.

LN (Bilateral aid per capita)

Independent variables (1) (2) (3) (4) (5)

Relative GDP -0.323 -0.371 -0.367 -0.280 -0.413

(0.511) (0.506) (0.486) (0.483) (0.480)

Relative Population -0.052 *** -0.046 *** -0.051 *** -0.050 *** -0.045 ***

(0.011) (0.010) (0.010) (0.010) (0.010)

Relative productivity -3.528 * -2.647 -6.153 *** -4.359 * -5.163 **

(1.924) (1.986) (2.132) (2.548) (2.218)

Geom avg tari� 0.162 -0.217 0.869 0.120 0.489

(0.672) (0.656) (0.767) (0.669) (0.745)

Ln imports 0.250 *** 0.298 *** 0.274 *** 0.265 *** 0.320 ***

(0.062) (0.067) (0.059) (0.064) (0.064)

Ethnolinguistic - - -0.011 -0.411 -0.099

fractionalization (ELF1) (0.549) (0.554) (0.553)

Rule of law - - 0.704 *** - 0.682 **

(0.203) (0.203)

Landlocked - 0.597 *** - - 0.569 **

(0.228) (0.228)

SS Africa - - - -0.569 -

(0.587)

Constant 3.625 *** 3.277 *** 3.173 *** 4.155 *** 2.852 ***

(0.887) (0.923) (0.948) (1.064) (0.969)

R2 0.152 0.165 0.177 0.156 0.189

Observations (N) 1438 1438 1437 1437 1437

AIC 6209.813 6189.886 6165.285 6201.969 6146.898

Note: Estimated with heteroscedasticity-robust standard errors. Superscripts ***, ** and * indicate signi�cance

1, 5 and 10 % levels, respectively.
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Table 7. Huber M-estimator: Dependent Variable: Log of aid 2005 to 2010.

LN (Bilateral aid)

Independent variables (1) (2) (3) (4) (5)

Relative GDP -0.073 -0.148 -0.071 -0.150 -0.142

(0.161) (0.157) (0.160) (0.161) (0.157)

Relative population -0.019 *** -0.011 * -0.021 *** -0.020 *** -0.014 **

(0.006) (0.004) (0.006) (0.006) (0.006)

Relative productivity -13.031 *** -11.907 *** -14.286 *** -11.383 *** -12.987 ***

(0.810) (0.808) (0.936) (0.953) (0.936)

Geom avg tari� 0.761 0.289 0.931 0.825 *** 0.448

(0.862) (0.844) (0.865) (0.856) (0.849)

Ln imports 0.613 *** 0.680 *** 0.605 *** 0.585 *** 0.670 ***

(0.026) (0.027) (0.027) (0.027) (0.028)

Ethnolinguistic - - 0.672 ** 0.566 ** 0.551 **

fractionalization (ELF1) (0.275) (0.269) (0.269)

Rule of law - - 0.214 ** - 0.179 *

(0.946) (0.098)

Landlocked - 0.768 *** - - 0.738 ***

(0.115) (0.115)

SS Africa - - - 1.076 ***

(0.226)

Constant 9.126 *** 8.580 *** 9.102 *** 8.172 *** 8.591 ***

(0.948) (0.927) (0.304) (0.320) (0.927)

R2 0.341 0.368 0.342 0.352 0.367

Observations (N) 1438 1438 1437 1437 1437

Note: Superscripts ***, ** and * indicate signi�cance 1, 5 and 10 % levels, respectively.
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Table 8. Additional robustness check:

Dependent Variable: Log of aid 2005 to 2010.

LN (Bilateral aid)

Independent variables (1) Fixed E�ects (2) Random E�ects

Relative GDP -0.028 0.217

(0.157) (0.158)

Relative population -0.021 *** -0.036 ***

(0.006) (0.009)

Relative productivity -12.799 *** -11.186 ***

(0.789) (1.408)

Geom avg tari� 0.854 0.352

(0.841) (0.529)

Ln imports 0.574 *** 0.329 ***

(0.026) (0.042)

Constant 84.362 *** 12.207 ***

(72.242) (0.680)

R2 0.339 0.304

Observations (N) 1438 1438

Note: Estimated with heteroscedasticity-robust standard errors. Superscripts ***,

** and * indicate signi�cance 1, 5 and 10 % levels, respectively.
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3.4 Estimation by each European donor country

In this section I point out some interesting di�erences among donors. Esti-
mations of aggregate bilateral aid from the 15 European-DAC donor countries
suggest that aid allocation is in�uenced especially by recipients' relative pro-
ductivity and by donors' commercial self-interests. However, these consider-
ations for giving aid may vary from one individual donor to another. Table 9
gives the base model results for each one of the 15 EU-DAC donors. Relative
size has a negative and signi�cant coe�cient in three cases: Portugal, Spain
and United Kingdom. Relative population enters negatively and signi�cantly
in the regressions for Belgium, Germany, Ireland, Italy and Sweden. Finally,
the coe�cient of Relative productivity is negative and signi�cant for 9 donors
out of 15.17 This �nding strengthens the main result of this paper, that pro-
ductivity heterogeneity is an essential factor in explaining transfers between
rich and poor trading partners. The self-interest motive of giving seems to
be at play for 9 donors, mostly for big donors, such France and Germany,
which have the highest coe�cients.

17These countries are Belgium, Denmark, Finland, France, Germany, Ireland, Italy,
Sweden and United Kingdom.
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Table 9. POLS Estimation: Dependent Variable: Log of aid 2005 to 2010.

Relative Relative Relative Ln imports Geom avg tari� Constant R2 N

GDP Population productivity

Austria -8.171 0.194 27.010 * 0.020 -26.168 40.883 * 0.076 81

(5.331) (0.123) (14.228) (0.247) (21.337) (21.223)

Belgium 2.576 * -0.276 ** -15.648 *** 0.698 *** -3.702 12.817 0.264 129

(1.680) (0.123) (4.069) (0.153) (10.549) (11.541)

Denmark 3.646 *** 0.470 *** -47.402 *** -0.142 -37.674 ** 56.993 *** 0.706 78

(1.130) (0.096) (8.201) (0.283) (16.868) (16.964)

Finland 1.018 -0.077 -14.043 *** 0.608 *** -12.774 22.779 *** 0.293 98

(0.960) (0.047) (4.922) (0.124) (7.855) (8.624)

France -2.650 -1.583 -8.376 *** 0.885 *** -2.486 9.926 * 0.710 144

(16.357) (1.1016) (1.652) (0.059) (5.003) (0.684)

Germany -11.828 -1.641 *** -19.298 *** 1.293 *** -3.447 7.290 0.731 149

(7.189) (0.564) (1.786) (0.128) (7.417) (8.111)

Greece -0.900 0.325 11.676 -0.173 20.824 ** -10.109 0.454 55

(6.541) (0.244) (22.974) (0.149) (8.151) (8.608)

Ireland 5.443 *** -0.066 * -43.846 *** 0.114 2.311 12.504 0.305 92

(1.278) (0.039) (6.996) (0.187) (11.792) (12.798)

Italy -2.171 -0.923 *** -15.889 *** 0.773 *** -5.696 13.546 0.404 110

(7.866) (0.320) (2.220) (0.170) (8.141) (8.652)

Luxembourg -0.204 -0.020 36.404 -0.111 8.371 5.780 0.291 49

(0.346) (0.015) (23.045) (0.275) (13.221) (13.943)

Netherlands 4.703 -0.168 -11.985 0.374 * 2.408 10.603 0.152 82

(4.056) (0.275) (7.925) (0.222) (12.963) (15.108)

Portugal -46.772 *** 6.856 *** 90.148 *** 0.320 -140.120 *** 148.125 *** 0.966 21

(7.369) (1.158) (16.809) (0.407) (35.864) (40.056)

Spain -13.124 ** -0.074 -4.683 0.668 *** 2.270 6.936 0.288 115

(5.893) (0.479) (4.748) (0.128) (14.253) (16.093)

Sweden 1.012 -0.149 * -9.266 ** 0.420 *** 1.311 10.668 0.098 124

(1.193) (0.079) (4.015) (0.138) (7.656) (8.277)

United -135.205 ** 3.499 *** -16.846 *** 0.597 *** 1.541 8.923 0.669 111

Kingdom (54.352) (1.298) (4.522) (0.159) (23.958) (25.493)

Note: Estimated with heteroscedasticity-robust standard errors. Superscripts ***, ** and * indicate

signi�cance 1, 5 and10 % levels, respectively. All regressions include a constant that is not reported

in the table.
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4 Conclusion

This paper studies the welfare e�ects of heterogeneity in a standard North-
South trade agreement model. It has shown that heterogeneity in the demand
of one good has a similar outcome than the size asymmetry studied by Bond
and Park (2002) who consider one country to the small replica of its com-
mercial partner. In both cases, a trade agreement bene�ts the small country
or the country with the smaller demand, while the large country is worse o�.
To sign the agreement, the large country needs to be compensated for its
welfare loss.

The result is reversed in the presence of heterogeneity in the supply of
one good: in fact, the small country experiencing supply-side constraints is
worse o� after the agreement, while the bigger is better o�. In this case,
the transfer must �ow from the large to the small country. This �nding
provides an interesting explanation for foreign aid and sheds some light on
ACP-EU treaties, which usually combine trade agreements with development
assistance.

To check this theory, I develop a proxy for heterogeneity in the supply,
which is simply the ratio of output per worker for each pair ACP-EU. This
variable appears to the the strongest determinant of aid. This �nding en-
riches the empirical works on the determinants of foreign aid by taking into
account the supply-side of the economy, where only the demand side has tra-
ditionally been considered. Results suggest that European donors give more
aid to countries that face supply-side constraints, that prevent them to take
advantage from free trade arrangements.
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6 Appendix

6.1 The 15 European-DAC donors in the sample

Austria Germany Netherlands

Belgium Greece Portugal

Denmark Ireland Spain

Finland Italy Sweden

France Luxembourg United Kingdom

6.2 The 60 Aid recipient countries from ACP in the sample

Angola Djibouti Liberia South Africa

Antigua and Barbuda Dominican Republic Madagascar Sudan

Barbados Equatorial Guinea Malawi Suriname

Belize Eritrea Mali Swaziland

Benin Ethiopia Mauritania Togo

Botswana Fiji Mauritius Trinidad ad Tobago

Burkina Faso Gabon Mozambique Uganda

Burundi Gambia Namibia United Republic of Tanzania

Cameroon Ghana Niger Vanuatu

Cape Verde Guinea Nigeria Zambia

Central African Republic Guinea-Bissau Rwanda Zimbabwe

Chad Guyana Saint Lucia

Comoros Haiti Sao Tome and Principe

Congo Jamaica Senegal

Côte d'Ivoire Kenya Seychelles

Dem. Rep. of the Congo Lesotho Sierra Leone
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6.3 Data sources

Variables Data source

Net aid from 15- EU DAC member World Development Indicators (WBI, 2011), online access

countries of OECD at http://data.worldbank.org/indicator

GDP UNCTADSTAT (2011), online access at http://unctadstat.unctad.org

Population UNCTADSTAT (2011), online access at http://unctadstat.unctad.org

Total Imports UNCTADSTAT (2011), online access at http://unctadstat.unctad.org

Tari� World Development Indicators (WBI, 2011), online access

at http://data.worldbank.org/indicator/

Export cost World Development Indicators (WBI, 2011), online access

at http://data.worldbank.org/indicator/

Total Exports UNCTADSTAT (2011), online access at http://unctadstat.unctad.org

Ethnolinguistic fractionalization (ELF1) Desmet, K., Ortuño-Ortin, I. and Wacziarg, R. (2012)

Rule of law Kaufmann, Kraay, and Mastruzzi, WBI (2010)
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6.4 Heterogeneity in the supply and the demand of good

x

[Not necessarily for publication]

In this appendix, I successively introduce heterogeneity in the supply (Λx)
and the demand (λx) of good x and show how it a�ects countries' welfare.
Results presented here are similar to those of sections 2 that successively
deal with heterogeneity in the supply and the demand of both goods. I only
present key results and graphs, since the intuition is the same as in the section
2.

In the presence of heterogeneity in the supply of good x, supply func-
tions in the North are given by Sx(px) = βpx and Sy(py) = α + βpy.
Similarly, South's supply functions are given by S∗x(p

∗
x) = Λx (α + βpx) and

S∗y(p
∗
y) = βp∗y, where the parameter Λx εR

+ captures the heterogeneity in the
countries' supply of good x. In particular, if Λx < 1, then the South faces
supply-side constraints (SSCs) for its exported good; in addition, Λx = 0
implies that the South is a completely undiversi�ed economy, while Λx = 1
means South is fully diversi�ed and that both countries are symmetric. The
North (resp. the South) has a comparative advantage over the production of
good y (resp.x), which it exports. Demand functions are identical to those

presented in section 2.2. International prices are given by pwx = (2−Λx)α−βτ
β(3+Λx)

and pwy = α−βτ∗
4β

. Local price of x (y) in the North's (South's) market:

p̂x (τ) ≡ pwx + τ = (2−Λx)α+(2+Λx)βτ
β(3+Λx)

and p̂y (τ ∗) ≡ pwy + τ ∗ = α+3βτ∗

4β
. Welfare

functions are given by

Ŵ4(τ, τ ∗) =
−(8+6Λx+Λ2

x)2β2τ2+(3Λx−1)2αβτ+(Λ2
x+1)5α2

2β(3+Λx)2
+ 9α2−2αβτ∗+β2τ∗2

16β

Ŵ ∗
4 (τ, τ ∗) =

(1+Λx)β2τ2+(1−3Λx)2αβτ+(1+20Λx−2Λ2
x−Λ3

x)α2

2β(3+Λx)2
+ 5α2+2αβτ∗−15β2τ∗2

16β

Table 6.4.1 below provides countries' welfares under Nash and coopera-
tive tari�s.
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Table 6.4.1 Welfare change in the presence of heterogeneity

in the supply of the good x

North South

Nash tari�s τ 4 = α(3Λx−1)
2β(8+6Λx+Λ2

x)
τ ∗4 = α

15β

GOTs τ
=4

= 0 τ
=

∗

4
= 0

Nash welfare
α2A4(Λx)

900β B4(Λx)
α2A4∗(Λx)

120β B4∗(Λx)

Cooperative welfare
α2(121+54Λx+49Λ2

x)

16β(3+Λx)2
α2(53+190Λx−11Λ2

x−8Λ3
x)

16β(3+λx)2

Welfare change
α244(Λx)

3600βD4(Λx)
α244∗(Λx)
βD4∗(Λx)

with

A4 (Λx) = 6017 + 2994Λx + 2749Λ2
x

B4 (Λx) = (Λx + 2) (Λx + 4)

A4∗ (Λx) = 2807 + 12843Λx + 7856Λ2
x + 516Λ3

x − 442Λ4
x − 60Λ5

x

B4∗ (Λx) = (2 + Λx)
2

(4 + Λx)
2

44 (Λx) = 1188 + 8358Λx − 6563Λ2
x + 348Λ3

x + 29Λ4
x

44∗ (Λx) = 354− 6138Λx + 3242Λ2
x + 4974Λ3

x + 947Λ4
x − 18Λ5

x − Λ6
x

D4 (Λx) = (2 + Λx) (3 + Λx)
2

(4 + Λx)

D4∗ (Λx) = (2 + Λx)
2

(3 + Λx)
2

(4 + Λx)
2
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Figure 6: North / South welfare change with Λx

In the presence of heterogeneity in the demand of good x, North's de-
mands are given by : Dx(px) = α−βpx and Dy(py) = α−βpy for the North.
Likewise, the South's demand functions are de�ned as D∗x(p

∗
x) = λx (α− βp∗x)

andD∗y(p
∗
y) = α−βp∗y, where the parameter λ εR+ captures the heterogeneity

in the countries' demand of good y. If λx < 1 (resp. λx > 1), then the South
has limited (resp. excess) market demand for its exported good, compared to
the North. Supply functions are identical to those presented in section 2.3.
International prices are given by pwx = λxα−βτ

β(3+λx)
and pwy = α−βτ∗

4β
. Domestic

price of x (y) in the North's (South's) market: p̂x (τ) ≡ pwx +τ = αλx+(2+λx)βτ
β(3+λx)

and p̂y (τ ∗) ≡ pwy + τ ∗ = α+3βτ∗

4β
. Welfare functions are given by

Ŵ5(τ, τ ∗) =
−(8+6λx+λ2x)2β2τ2+(3−λx)2αβτ+2α+(9+λ2x)α2

2β(3+λx)2
+ 9α2−2αβτ∗+β2τ∗2

16β

Ŵ ∗
5 (τ, τ ∗) = (λx+1)β2τ2+(λx−3)2αβτ+(5λx+λ2x) 3α2

2β(3+λx)2
+ 5α2+2αβτ∗−15β2τ∗2

16β

Table 6.4.2 below provides countries' welfares under both tari� regimes.
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Table 6.4.2 Welfare change in the presence of heterogeneity

in the demand of the good x

North South

Nash tari�s τ 5 = α(3−λx)
2β(8+6λx+λ2x)

τ ∗5 = α
15β

GOTs τ
=5

= 0 τ
=

∗

5
= 0

Nash welfare
α2A5(λx)

900β B5(λx)
α2A5∗(λx)

120β B5∗(λx)

Cooperative welfare
α2(153+54λx+17λ2x)

16β(3+λx)2
α2(45+150λx+29λ2x)

β(3+λx)2

Welfare change
α245(λx)

3600βD5(λx)
α245∗(λx)
βD5∗(λx)

with

A5 (λx) = 7817 + 2994λx + 949λ2x
B5 (λx) = (λx + 2) (λx + 4)

A5∗ (λx) = 1967 + 10323λx + 8576λ2x + 2436λ3x + 218λ4x
B5∗ (λx) = (3 + λx)

2
(3 + λx)

4

45 (λx) = −6012 + 29λ4x + 348λ3x + 637λ2x + 8358λx

45∗ (λx) = 7794− 618λx − 3238λ2x − 546λ3x − 13λ4x − 18λ5x − λ6x
D5 (λx) = (2 + λx) (3 + λx)

2
(4 + λx)

D5∗ (λx) = (2 + λx)
2

(3 + λx)
2

(4 + λx)
2

54



�����

�����

�

����

����

����

����

����

	
��

�
��

��������	���
����

�����

����

�����

�

����

���

����

���

����
��������

�����	�������	������
����

�

����

���

����

���

����

	
��

�
��

�������	��
���� ��

�
� ��

�
�
���

�
�
���

�
�

�
�
�

Figure 7: North / South welfare change with λx

Heterogeneity in the demand of good x

55



6.5 Heterogeneity in the supply and the demand of good

y

[Not necessarily for publication]

In this appendix, I successively introduce heterogeneity in the supply (Λy)
and the demand (λy) of good y and show how it a�ects countries' welfare.
Results presented here are similar to those of section 2 that successively deal
with heterogeneity in the supply and in the demand of both goods. I only
present key results and graphs, since the intuition is the same as in the section
2.

In the presence of heterogeneity in the supply of good y, supply functions
in the North are given by Sx(px) = βpx and Sy(py) = α + βpy. Similarly,
South's supply functions are given by S∗x(p

∗
x) = α+βpx and S

∗
y(p
∗
y) = Λyβp

∗
y,

where the parameter Λy εR
+ captures the heterogeneity in the countries'

supply of good y. In particular, if Λ < 1, then the South faces supply-side
constraints (SSCs) for its imported good; in addition, Λ = 0 implies that
the South is a completely undiversi�ed economy, while Λ = 1 means South is
fully diversi�ed and that both countries are symmetric. The North (resp. the
South) has a comparative advantage over the production of good y (resp.x),
which it exports. Demand functions are identical to those presented in sec-
tion 2.2. International prices are given bypwx = α−βτ

4β
and pwy = α−βτ∗

β(3+Λy)
. Local

price of x (y) in the North's (South's) market: p̂x (τ) ≡ pwx + τ = α+3βτ
4β

and

p̂y (τ ∗) ≡ pwy + τ ∗ = α+(Λy+2)βτ

3β
. Welfare functions are given by

Ŵ6(τ, τ ∗) = 10α2+4αβτ−30β2τ2

32β
+

(11+6Λy+Λ2
y)α2−4αβτ∗+2β2τ∗2

2β(3+Λy)2

Ŵ ∗
6 (τ, τ ∗) = 9α2−2αβτ+β2τ2

16β
+

(2−Λ)2αβτ∗−(14Λy+7Λ2
y+8)β2τ∗2+Λy(Λy+4)α2

2β(3+Λy)2

Table 6.4.3 below provides countries' welfares under Nash and coopera-
tive tari�s.
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Table 6.4.3 Welfare change in the presence of heterogeneity

in the supply of the good y

North South

Nash tari�s τ 6 = α
15β

τ ∗6 = 2α
β(Λy+1)(Λy+2)(Λy+4)

GOTs τ
=6

= 0 τ
=

∗

6
= 0

Nash welfare
α2A6(Λy)

β B6(Λy)

α2A6∗(Λy)

900β B62∗(Λy)

Cooperative welfare
α2(133+78Λy+13Λ2

y)
16β(3+Λy)2

α2(113+94Λy+17Λ2
y)

16β(3+Λy)2

Welfare change
α46(Λy)

240βD6(Λy)

α246∗(Λy)

3600βD6(Λy)

with

A6 (Λy) = 3376 + 11936Λy + 16292Λ2
y + 10868Λ3

y + 3833Λ4
y + 686Λ5

y + 49Λ6
y

B6 (Λy) = (Λy + 1)
2

(Λy + 2)
2

(Λy + 4)
2

A6∗ (Λy) = 949Λ3
y + 6193Λ2

y + 10586Λy + 5792

B6∗ (Λy) = (Λy + 4)(Λy + 2)(Λy + 1)

46 (Λy) = 6144 + 11040Λ + 2540Λ2 − 3020Λ3 − 2273Λ4 − 800Λ5 − 170Λ6 − 20Λ7 − Λ8

46∗ (Λy) = −5112 + 5046Λy + 4495Λ2
y + 1885Λ3

y + 377Λ4
y + 29Λ5

y

D6 (Λy) = (1 + Λy)2(2 + Λy)2(3 + Λy)2(4 + Λy)2

D6∗ (Λy) = (1 + Λy)(2 + Λy)(3 + Λy)2(4 + Λy)

57



�����

�����

�

����

����

����

����

����

	
���

�
��

��

�
� ����������	���
����

�� ���

�

����

����

����

����

���

����

����

����

����

����������

	��������

�� ���

�������	��
����

�����

����

�����

������

����

���
��������

�� ����

�����	�������	������
����

�

Figure 8: North / South welfare change with Λy

In the presence of heterogeneity in the demand of good y, North's de-
mands are given by : Dx(px) = α−βpx and Dy(py) = α−βpy for the North.
Likewise, the South's demand functions are de�ned as D∗x(p

∗
x) = α − βp∗x

and D∗y(p
∗
y) = λy

(
α− βp∗y

)
, where the parameter λy εR

+ captures the het-
erogeneity in the countries' demand of good y. If λy < 1 (resp. λy > 1),
then the South has limited (resp. excess) market demand for its imported
good, compared to the North. Supply functions are identical to those pre-
sented in section 2.3. International prices are given by pwx = α−βτ

4β
and

pwy = λy(α−βτ∗)

β(3+λy)
. Domestic price of x (y) in the North's (South's) market:

p̂x (τ) ≡ pwx + τ = α+3βτ
4β

and p̂y (τ ∗) ≡ pwy + τ ∗ = αλy+3βτ∗

β(3+λy)
. Welfare functions

are given by

Ŵ7(τ, τ ∗) = 5α2+2αβτ−15β2τ2

16β
+ 18α2−4αβτ∗+2β2τ∗2

2β(3+λy)2

Ŵ ∗
7 (τ, τ ∗) = 9α2−2αβτ+β2τ2

16β
+

4λ2yαβτ
∗−(9+15λy+6λ2y)β2τ∗2+(9λy+λ2y)α2

2β(3+λ)2

Table 6.4.4 below provides countries' welfares under both tari� regimes.
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Table 6.4.4 Welfare change in the presence of heterogeneity

in the demand of the good y

North South

Nash tari�s τ 7 = α
15β

τ ∗7 = 2λ2α
3β(5λ+3+2λ2)

GOTs τ
=7

= 0 τ
=

∗

7
= 0

Nash welfare
α2A7(λy)

180β B7(λy)

α2A7∗(λy)

900β B3∗(λy)

Cooperative welfare
α2(117+78λy+29λ2y)

16β(3+λy)2
α2(81+126λy+17λ2y)

16β(3+λy)2

Welfare change
α47(λy)

720βD7(λy)

α247∗(λy)

3600βD7(λy)

with

A7 (λy) = 1323 + 4410λy + 5619λ2y + 3420λ3y + 908λ4y
B7 (λy) = (1 + λy)

2
(3 + 2λy)

2

A7∗ (λy) = 1497 + 3845λy + 2498λ2y
B7∗ (λy) = (1 + λy) (3 + 2λy)

47 (λy) = −243− 972λy − 1566λ2y − 1296λ3y + 2301λ4y + 4668λ5y + 1588λ6y
47∗ (λy) = 783 + 1827λy + 1479λ2y + 493λ3y − 2342λ4y
D7 (λy) = (1 + λy)

2
(3 + 2λy)

2
(3 + λy)2

D7∗ (λy) = (1 + λy) (3 + 2λy) (3 + λy)2
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Figure 9: North / South welfare change with λy
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