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Abstract

We study the effects of hub and spoke liberalization in a model where income matters
for consumption patterns. We use a three-country Ricardian trade model in which
goods are ranked according to priority and where economies differ in their income
level. The poorest (richest) country has a comparative advantage in the production
of lowest-ranked (highest-ranked) goods, specializing in goods with low (high) income
elasticities in demand. The medium rich country specializes in the production of the
intermediate-ranked commodities. We find that a country’s income level is of decisive
importance for assessing the impact of hub and spoke arrangements on welfare. Hubs
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1 Introduction

The recent collapse of the Doha Round is expected to generate an increase in bilateral trade
agreements. In particular, a boost in so-called "hub and spoke bilateralism’ is expected,
where a big country, the hub, engages in a discriminatory trade agreement with a small
country, the spoke. The literature on the static effects of such arrangements has made clear
that these are beneficial for the hub and detrimental to the spoke(s), particularly if the
hub has many spokes (Kowalczyk and Wonnacott, 1992, Baldwin & Venables, 1995 and
Wonnacott, 1996). This insight emerges from analytical frameworks where the difference
in income between countries matters only for establishing whether or not bilateral terms
of trade changes occur. Whereas changes in tariffs by the hub leads to a terms of trade
improvement for the spoke, the changes in tariffs of the spoke do not change the terms of
trade of the hub. Accordingly, it is intuitive that a spoke gains if it is the only country
the hub establishes a bilateral trade agreement with. If, however, the hub forms such
arrangements with more spokes, the benefits of being treated preferentially disappear and
spokes might lose.

We argue that there is more to income differences between countries than just having an
impact on the bilateral terms of trade. In particular, we argue that one should also include
the effect of different income levels on consumption patterns. In standard trade analysis this
aspect is ignored by assuming that preferences are homothetic. That is, if income increases,
the demand for commodities increases proportionally and consumption patterns do not
change. In a world with persistent global income differences, this assumption is too far-
fetched. In particular, the similarity in consumption patterns is at odds with a number of
stylized facts. First, many new, sophisticated products are developed in countries with high
per capita incomes, created by entrepreneurs in response to perceived demand. Individuals
in countries with lower per capita income tend to buy relatively unsophisticated products.
Recent evidence for this is provided by Schott (2001).! Second, sophisticated goods are
originally developed and produced in developed countries and only at a later point in their
cycle consumed in less developed countries (Vernon, 1966). Third, the volume of trade will
be higher between countries with similar per capita income (Burenstam Linder, 1961).

The present paper analyzes the formation of hub and spoke arrangements in a frame-
work that incorporates nonhomothetic preferences. The model builds on Stibora and de
Vaal (2006a,b), where we have incorporated nonhomothetic preferences to analyze the con-
sequences of unilateral tariff cuts and PTA formation between countries of different income

levels. Assuming a continuum of goods in a three country Ricardian trade model, we rank

See also Deaton and Muellbauer (1980), Hunter and Markusen (1987) and Hunter (1991).



countries such that there is a poor country with a comparative advantage in the production
of the lower-ranked goods, a rich country with a comparative advantage in the production
of the highest-ranked goods, and a medium-rich country with a comparative advantage
in the production of intermediate-ranked goods. Nonhomotheticity in demand enters the
analysis by assuming that goods are indivisible in consumption. We suppose that the con-
tinuum of goods is also ordered according to priority in consumption. The lowest-indexed
goods have the highest priority in consumption, whereas the highest-indexed goods have
the lowest priority in consumption. Consumers first buy high-priority goods and only
when their real income increases will they add higher-indexed goods to their consumption
baskets. The higher-indexed goods are therefore only affordable to households with suffi-
ciently high income levels. This implies that the poor (rich) country produces goods with
low (high) income elasticities in demand and the medium rich country specializes in goods
with intermediate income elasticities in demand.

In such a framework, we find that the income level of a country greatly matters for as-
sessing the impact of hub and spoke arrangements. A hub is most likely to gain if it produces
goods with the highest-income elasticities, which is the rich country. A middle-income hub,
producing at most goods with intermediate income elasticities, is less ascertained of welfare
gains and may even lose. The main reason for this divergence is the inclusion of asymmetric
demand complementarities. Due to nonhomothetic preferences, real income gains are spent
on goods with higher demand elasticities, which is favorable to rich countries and less so for
medium-rich countries. Also for spokes the welfare effects highly depend on income levels.
Richer spokes are more likely to gain than poorer spokes. However, if a spoke country is
so poor that it cannot afford the higher-indexed goods that the rich country produces, it is
either shielded from welfare changes (if the rich country is the hub) or it has a fair chance
to gain as well (if the middle-income country is hub). It is therefore not only the income
differences per se that matter for the welfare results of hub and spoke arrangements, but
also the extent of these income differences.

We proceed with this paper as follows. In Section 2, we provide a brief discussion of the
model we introduced in Stibora and de Vaal (2006b). In Section 3 we present the general
equilibrium and welfare effects of a hub and spoke arrangement with the rich country as
the hub. Likewise, Section 4 discusses welfare effects if the medium-rich country is the hub.

Section 5 concludes.



2 The Model?

We consider three countries, countries 1, 2, and 3. In each country there exists a continuum
of competitive industries, indexed by z € [0, 00), each producing a homogeneous good also
indexed by z. There is one factor of production, labor, which is supplied in fixed quantity in
each country. For good z, let a;(z) be the unit labor requirement in country j (j = 1,2, 3).
We follow Appleyard, Conway and Field (1989) (hereafter: ACF) and make the following

assumptions on technology:

. a;(2) ) z 0A;
A 1 = A -
ssumption @) i(2)  with i

=( >0 fori=2,3 and all z.
Assumption 2 (, < (5 for all z.

Assumption 1 is standard and requires that A; (i = 2,3) is smooth, continuous, and
strictly decreasing in z € [0,00). It ensures that commodities can be ranked in order of
diminishing comparative advantage of country 1 relative to both country 2 and 3. Assump-
tion 2 implies that A3(z) is relatively steeper than As(z) so that Asz(z)/As(z) is strictly
decreasing in z. Assumption 2 ensures that country 3 has an increasing comparative ad-
vantage relative to country 2 for higher z.

Initially, trade flows are distorted by tariffs. Let 7, be one plus the ad valorem tariff
in country j on any of the commodities z when it is produced in country k. Assuming
perfect competition, a country then exports good z when it can produce that good at the
lowest cost. For given relative wages, which we denote by w; = wy /w; for i = 2,3, it follows
that there will be six equilibrium borderline goods z; (k = 1,..,6), demarcating for each
country ranges of own production, exports, and non-traded goods. For given wages and
tariffs, these borderline goods are represented by equalities in (1)-(6) (see ACF (1989),
p.151).

Country 1 will export to country 2 if and only if 7o1wia; S weas and Toiwia; < Toswsas

with borderline good z; determined by
Torwy = az(z1)/a1(z1); (1)
country 1 will export to country 3 iff 73,wia; < T3awqas and T3;wia; S wiaz with
T31Wy = T3202(22)/a1(22); (2)
country 2 will export to country 1 iff 7iowsas < wyiay and Tioweas < Ti3wsaz with

Wy = T1202(23)/a1(23); (3)

2This section is a simplified version of the model introduced in Stibora & de Vaal (2006b).
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country 2 will export to country 3 iff T35wsas < wsaz and T3oweas S T31wia; with

w2/w3 = 7'32612(24)/@3(24)3 (4)

country 3 will export to country 1 iff 7i3wsaz < T1awqas and Ti3wsas < wya; with

ws/w2 = a3(25)713/a2(z5)712; (5)

and country 3 will export to country 2 iff Tos3wsas < weae and Tozwszaz < Tojwia; with

wg/w2 = T23a3(26)/a2(26)- (6)

Figure 1 gives a graphical representation of the trade patterns in terms of the borderline
goods. Country 1 produces all z € [0, z3), of which [z9, z3] are not traded and [0, z;] and
[0, z5] are exported respectively to country 2 and 3. Country 2 produces all z € [z1, z5), of
which [z, z5] and [z5, 26] are not traded and [z3, z5] and |29, z4] are respectively exported to
country 1 and 3. Country 3, finally, produces all z € [z4, us], of which [z4, 25| are not traded,
while [25,u1] and [zg, us] are respectively exported to country 1 and 2. Here u; denotes the
highest-indexed good z a household from country j, j = 1,2, 3, consumes. The resulting
trade pattern satisfies z; < z5 < z3 < z4 < z5 < zg as long as (i) directly exporting good
z costs less than exporting the same good via a third country and (ii) tariff rates do not
differ too much between countries. For example, given assumptions 1 and 2 and conditions
(5) and (6), z5 < 2 holds unless 713 > T12793 that is, if the direct tariff country 1 pays on
imports from country 3 is larger than the tariffs country 1 pays on imports from country
3 when good z is imported via country 2. The exception is z3 < z4 where z4 < z3 is also
possible. We exclude this possibility and assume z3 < z; for the rest of the analysis.® As
we will explain later, the trade patterns depicted only hold when households in all three
countries are rich enough to consume the higher-indexed goods country 3 produces, in
contrast to ACF.

(insert Figure 1 about here)

As country 1 exports all goods of the lower spectrum of commodities, country 3 the higher-
ranked commodities, and country 2 the middle-ranked goods, local prices are determined
by pr(z) = minj[Tyw;a;(2)].

Turning to the demand side, we assume there are N; households in country j, each

supplying one unit of labor. The potential consumption set of a household includes the

31f 24 < 23 this would create an additional range of nontraded goods for country 2, but would otherwise

not change any of the main results.



continuum of z € [0,00). All households have the same preferences V = [ b(z)x(z)dz,
where x(z) = {0,1} denotes the consumption indicator and b(z) > 0 is the utility index.
The budget constraint is given by [°p(z)z(z)dz < I. A household purchases good z,
x(z) = 1, if the utility from the last unit income spent A < b(z)/p(z). We order goods
each household purchases in the same way as the ordering of goods due to comparative
advantage. This requires that the marginal utility of income is strictly decreasing in z,

that is, we assume that
b(z) _ b(z)
pe(z)  ming[Tjw;a;(2)]

is strictly decreasing in z, for given w; and 74;. This implies that an increase in utility is

reflected in the consumption of an increased number of goods rather than in the consump-
tion of higher quantities of a fixed number of goods, so that we can take u; as a measure
of welfare.

Combining assumptions 1 and 2 together with the assumption of falling marginal utility
of income leads country 1 to have a comparative advantage in the production of lower-
ranked goods that poor households purchase, country 3 to have a comparative advantage
in the production of higher-ranked goods that rich households purchase, and country 2 to
have a comparative advantage in the production of intermediate-ranked goods.

Define the minimum level of income that allows a household from country j to consume

good z as i
Ey(z) = / pj(s)ds, )

where p;(z) is the minimum price of good z in country j, which is inclusive of tariffs
whenever relevant. The tariff revenues generated are redistributed across households in
a lump-sum fashion. Consequently, households pay a tariff exclusive price for what they
import. Denoting the tariff rebates by T'R;, the highest-indexed commodity a household in
country j with income w; 4+ T'R; is able to consume, u;, is determined by the requirement
that

Ejlu] = w; + TR, (8)

for j =1,2,3.

We now turn to the labor markets. Labor market equilibrium requires that in each
country labor supply, NV;, equals labor demand which, in turn, depends upon the demand
for final goods. Demand for final good z is determined by the fraction of households with
income in excess of F;(z). Aggregate demand for good z then is the number of households
from the three countries whose income is equal or greater than F;(z). Then integrating

the labor required to produce each good in country j over the aggregate demand gives the



quantity of labor in country j which is demanded to produce goods consumed in country
7. In line with standard practice in trade theory, we can replace the resulting three labor
market equilibrium conditions by two balanced trade conditions, that for country 1 and
country 2 (see Appendix A for details).

Recall that goods are indivisible implying that poor households are not able to consume
the same number of goods than rich households. To ensure that households from different
countries have different income levels we assume that country 2 has an absolute advantage
relative to country 1 and that country 3 has an absolute advantage relative to country 2
for all z. As a consequence, wy < 1 < ws /w3, making country 1 the poor country, country 2
the medium rich country, and country 3 the rich country. Taken together, the assumption
on absolute productivity and the assumptions on the ranking of goods imply that the poor
country has a comparative advantage in the production of lower-ranked goods purchases by
poor households, the rich country has a comparative advantage in the production of higher-
ranked purchased by rich households, and the medium-rich country has a comparative
advantage in the production of intermediate-ranked goods. Put differently, the poor (rich)
country produces goods with low (high) income elasticities in demand and the medium rich
country specializes in goods with intermediate income elasticities in demand.

How poor country 1 is depends on the income level of households from that country in
equilibrium. Suppose that country 1’s absolute productivity differences with country 2 are
considerable, ceteris paribus. To preserve labor market equilibrium country 1’s factor terms
of trade have to fall, which is equivalent to a decline in real income. The fall in real income
forces households from country 1 to cut back their consumption of higher-ranked goods.
This generates two possible equilibrium configurations depending on where households
from country 1 spend their last unit of income. The first equilibrium outcome holds that
households in each country spend their last unit of income on goods produced in country 3.
The resulting trade pattern is characterized by two-way bilateral trade flows between any
pair of countries so that we refer to this equilibrium configuration as the symmetric trade

equilibrium (henceforth: STE). The conditions for balanced trade become, for country 1

Ny(1 — /0 " a(s)ds) = Ny /0 " an(s)ds + Ny /O " aa(s)ds, ()

and for country 2,

No(1 — /Z6 as(s)ds) = Ny /zs as(s)ds + N3 /Z4 as(s)ds. (10)

zZ1 z3 z2
The left-hand-side of (9) [(10)] denotes the value of country 1’s [country 2’s|] imports and the
right-hand-side the corresponding value of exports. The highest-indexed good u; associated

with STE, is derived from (8) and is given by
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23 z5 ul
/ al(s)ds—i—/ “2(S)ds+/ a5(5) 4o 1 (11)
0 23 w2 z5 w3

/ ai(s)ds + / a2—<8)ds +/ a3—(8>ds _ L (12)
0 21 Wa 26 w3 Wa
29 24 u3 1
/ ai(s)ds + / a2—(8)ds + / ag—(s)ds = — (13)
0 z z

2 W2 . W3 ws

The absence of any tariff terms is due to the fact that households pay a tariff exclusive prices
as a result of tariff rebates. We note that STE corresponds to what has been illustrated in
Figure 1.

The second equilibrium configuration that may result is when households from country
1 are too poor to consume country 3 goods, so that they spend their last unit of income on
goods produced in country 2, while households in country 2 and 3 still spend their marginal
income on goods produced in country 3. As this equilibrium configuration also involves
one-way trade flows, we refer to it as the asymmetric trade equilibrium (henceforth: ATE).*

The conditions for balanced trade become for country 1

Ny(1 — /0 " a(s)ds) = Ny /0 " an(s)ds + Ny /0 " aa(s)ds (14)

and for country 2

Ny(1 — / " 0a(5)ds) = walV (1 — / " aa(s)ds) + Ny / " a(s)ds. (15)

2Z1 0 22

Since u; < zs5, the budget constraint of country 1 household, (11), changes into

/;3 ar(s)ds + / a2(8) o g (16)

%

while the budget constraints for country 2 and 3 remain (12) and (13), respectively. ATE
therefore satisfies 21 < ... < u; < z5 < 2z < us < uz, making z5 redundant in the analysis
(and in Figure 1).

In contrast to the standard literature on hub and spoke arrangements (see, for example,
Wonnacott, 1975, Kowalczyk and Wonnacott, 1992, and Krugman, 1993), the assumed
preferences in our set-up imply that goods are not gross substitutes. In our model, if the

price of lower-indexed goods declines, consumers do not substitute toward relatively cheaper

4 As such, our framework also provides an alternative, demand-side explanation for the asymmetries in
bilateral trade flows Helpman et al. (2005) have recently drawn attention to. They claim that for about
10% of all country pairs trade is one-way only. Taking into account that nearly half of all country pairs do

not trade with each other, this implies that roughly 20% of all bilateral trade flows is one-way.



goods but instead expand the consumption basket always toward higher-indexed goods, as
a result of the higher purchasing power. On the other hand, if the price of higher-indexed
good falls, consumers do not switch expenditures towards lower-ranked goods. The income
effect makes higher-ranked goods complements to lower-ranked goods.

Comparing the balanced trade conditions of STE, (9) and (10), with those from ATE,
(14) and (15), shows that direct income effects only affect the balanced trade conditions of
the latter. This is due to nonhomothetic preferences and the intuition is as follows. Consider
the effects of an increase in the factor reward in country 2, ceteris paribus.” In STE, this
raises the real income of country 2 households with respect to imported goods, which is
used to expand consumption baskets with goods from country 3. Likewise, it diminishes
real income of country 1 and country 3 households — they face higher import prices for
country 2 — which reduces spending on country 3 goods. With trade initially balanced,
these spending effects exactly cancel out, leaving a net change in spending on goods from
country 3 of zero. A similar reasoning implies for changes in the factor rewards of the other
countries, explaining why ws and ws do not enter the STE trade balance conditions. For
ATE this is different. Households in country 1 are then too poor to buy the higher-indexed
goods from country 3 and the decline in their real incomes affects spending on country
2 goods instead. Since this is unmatched by any of the other spending effects — the real
income effects of country 2 and country 3 households still apply to country 3 goods — the
net effect on spending on country 2 goods is negative and wy enters the balanced trade
condition of country 2.5 This novel aspect allows us to analyze the consequences of hub
and spoke formations on trade and welfare in a multiregional setting in the presence of

significant income effects in a tractable manner.

3 Hub and spoke with the rich country as hub

We now proceed with investigating the effects of a hub and spoke arrangement, with the
rich country, country 3, as the hub. This implies that country 3 liberalizes trade with
country 2 and 1, but countries 2 and 1 do not liberalize trade between them. The mutual
reduction of tariffs on trade flows between the hub and the spokes implies that country 3

enjoys preferential access in both spoke markets. This essentially boils down to considering

Direct income effects due to tariff changes are absent as consumers actually pay tariff-exclusive prices.
6 Applying analogue reasoning to changes in the factor rewards of the other countries explains why wo

does not show up in the trade balance of country 1 and why ws does not show up in either of the two trade
balance equations. The former is because none of the spending effects apply to country 1 goods. The latter

is because changes in the factor reward of country 3 have no bearing on spending on country 2 goods.



the general equilibrium and welfare effects of a simultaneous and proportional reduction
in 713, T31, To3, and 732. The simultaneous solution of the relevant equations is given in
Appendix B.

The effects on efficient production and the terms of trade are given in Table 1. We see
that the formation of a hub and spoke system with country 3 as a hub does neither affect
efficient production of spoke country 1, that is, z;, 2o and z3 do not change; nor does it
affect the bilateral terms of trade of country 1 vis-a-vis country 2, wy. The bilateral terms
of trade of country 3 vis-a-vis both of its spokes improve, provided the population size of
country 1 and 2 exceeds that of the hub. Efficient production of both countries changes
accordingly.

To understand these effects it is useful to distinguish between two effects. The first effect,
the supply side effect, is that when tariffs fall the competitiveness of industries is affected.
The second effect, the demand side effect, involves that the change in competitiveness affects
the ranges of non-traded goods, leading to real income and concomitant spending effects.”
The spending effects either accrue to country 3 (STE) or to country 2 and country 3 (ATE).
Both the supply side and the demand side effect determine the impact on derived labor
demand and relative wages, leading to the comparative static effects that are presented in
Table 1.

(insert Table 1 about here)

Consider the initial supply side effect of the tariff cuts when country 3 is the hub.
Keeping wages fixed, these are given by:®
Z

—=====0,
T T T

2o 73

Zs  zg 1
= —-<0, Z=2=->0,

¢ 7T 1T

where a hat above a variable indicates a relative change, e.g. 7 is defined as dr/7.% As

both spokes do not change tariff between them, their relative competitive position on
each other’s market is unaffected and z; and 23 do not change. Likewise, their relative
competitive position on the market of the hub 25 does not change, as country 3 reduces its
tariffs on the imports from both spokes proportionally. The competitive position of country
3 vis-a-vis country 2 on country 1’s market of course enhances (z5 goes down as country 1

does not reduce tariff on imports from country 2), while the mutual tariff reduction between

"Recall that there are no direct spending effects of tariff reductions due to the tariff rebates.
8The effect on z5 only arises in STE.
9By concentrating on marginal tariff changes in contrast to complete discrimination our results shed

light on the initial effects of the formation of a system of hub and spokes.
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country 2 and 3 enhances these countries’ competitive position on each other’s markets,
increasing z4 and decreasing zg.

The extent to which the tariff changes affect competitiveness depends on the degree of
comparative advantage at the specific borderline commodity. This is indicated by ¢, which
measures the relative comparative advantage of country 3 versus country 2. It is important
as it determines the degree of industries lost or gained due to tariff changes. For instance,
if ¢ is small, country 3’s comparative advantage vis-a-vis country 2 is weak at z5, enabling
country 2 to take over a considerable number of country 3’s export industries from country
1.

Next consider the resulting spending effects. The net effect of the competition effects
is that solely the ranges of non-traded goods of country 2 and 3 diminish, resulting in real
income gains for these two countries. These gains become effective by being used to expand
consumption baskets with goods from the hub. This holds for both types of equilibria, as
the real income effects only concern country 2 and country 3.

The spending effects exert a positive effect on country 3’s terms’s of trade, but as
indicated in the table, the marginal expenditure effects at the borderline commodities are
crucial in determining the eventual signs of ws /w3 and w3. As we have seen, the competition
effects causes country 3 to export more to country 1 and country 2, while country 2 exports
less to country 1, but more to country 3. This implies that country 3’s terms of trade with
both trading partners improve if the increase of country 3’s exports to both spokes exceeds
the increase of country 3’s imports from spoke country 2, that is if Nyas(25)25+ Naao(z6)26 >
Nsag(z4)24.

The welfare effects are presented in Table 2. In our setup, welfare changes can be
defined by changes in the highest-indexed good a household consumes, u;, j = 1,2,3 (see
Matsuyama 2000). These changes are listed in Table 2 (see Appendix C for details of
derivations). In general, the expression for measuring the impact on welfare brought about
by the formation of a system of hub and spokes can be decomposed into a factor terms of
trade effects, weighted by the country’s value of imports, and into real income effects, that
arises because of changes in the range of non-traded goods. As can be observed from the
table, households from country 1 may lose (STE) or are unaffected from this policy change
(ATE). While in the former case country 1 suffers a loss as it sees its terms of trade with
country 3 deteriorate, since there is no change in its non-traded goods area, in the latter
case country 1 is shielded from the negative impact of the terms of trade deterioration as
it does not import from country 3. Country 2 and country 3 gain under both equilibrium
configurations, provided that the relative comparative advantage vis-a-vis one another is

low, that is, for sufficiently small . This implies such large reductions of the non-traded
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ranges for both countries that it also compensates the negative terms of trade movements
for country 2. Under this condition, the gains from lower prices give households from
country 2 and 3 incentive to expand their range of consumption toward higher-indexed
goods, that is, dus > 0, dug > 0, with the result that new industries in country 3 come into

existence.

(insert Table 2 about here)

4 Hub and spoke with middle-income country as hub

Consider next the formation of a hub and spoke system where the middle-income country,
country 2, is the hub. This is in line with recent developments in East-Asia, where countries
increasingly seek open market access with China, even if their per capita income is higher
than China’s. This corresponds to a simultaneous reduction in 715, 721, 732 and 793. The

general equilibrium effects are given in Table 3.
(insert Table 3 about here)

The direct competition effects are given by

21 1 Zy  zz 1 2y 25 1 ze 1
7:——<0, 7:7:—>0, 7:7:——<0, 7:—>0,
T Co T T Co T T ¢ T ¢

where also in this case the effect on z5 only arises in STE. With the hub country now being
contiguous to both spokes, all borderline commodities are affected. Country 1 gains better
access to the hub’s market (z; up), while the hub finds it easier to directly compete with
domestic firms in country 1 (23 down). Likewise, country 3 loses some of its industries to the
hub (z4 up), but also gains industries from the hub market (z5 down). The hub, finally, also
gains in competitiveness with respect to either spoke country on the market of the other
spoke country (z; down and z5 up). The extent of these competition effects depends on the
relative comparative advantage of countries at their borderline commodities. The strength
of comparative advantage between the hub and country 1 is governed by (,, affecting 21, 29
and z3; the strength of comparative advantage between the hub and country 3 is governed
by (, affecting z4, z5 and zg.

The net effect of these competition effects is that the two ranges of non-traded goods of
the hub diminish, while the effect on the non-traded goods ranges of the spoke countries are
unclear. Whatever the case, the real income effects that follow are either not spent in the

hub (STE), or only partly (ATE). In the latter case only the real income effects of the poor
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country 1 concern changes in spending on the hub’s industries. All other spending effects
concern spoke country 3. As a consequence, the general equilibrium effects are different
compared to the situation with the rich country as hub. In particular, it helps to explain
why, despite being a spoke, the bilateral terms of trade of country 3 still tends to improve.

As Table 3 indicates, (, is important for assessing results. Recall that the model does
not impose any restrictions on its value. Suppose that the unit labor requirements between
country 1 and country 2 are ceteris paribus more equalized, that is (, is small for given
¢ > 0. In this case, the competitive effects on 21, 25, and 23 dominate the initial competition
and subsequent spending effects. As z, comes down, the derived demand for country 1’s
labor by country 3 decreases, in favor of demand for country 2’s labor. Consequently, w3
must decline to restore labor market equilibrium. Likewise, the decrease of z3 diminishes
the derived demand for country 1’s labor, though this is countered by the labor market
effect of the increase of z;. This explains why the negative sign for ws is independent of
the particular value of (, and instead depends on the marginal expenditure of the three
countries at the borderline commodities that concern country 1. The effect on the bilateral
terms of trade of country 2 versus country 3 is unclear, except if country 1 is too poor to
import from country 3. Then the negative real income effects in country 1 that follow the
decline in ws and ws imply a reduction in demand for country 2 labor, tipping the terms
of trade balance in favor of spoke country 3.

The concomitant welfare effects are presented in Table 4. As before, the welfare effects
can be decomposed in factor terms of trade effects, weighted by the country’s value of
imports, and in a change in real income that arises because of changes in the range of non-
traded goods. From the table we infer that welfare of spoke country 3 increases under both
equilibrium configurations, duz > 0, provided the reduction in the non-traded goods ranges
of the hub are large enough (¢ and/or (, are low). The lower prices of lower-indexed goods
brought about by integration leads households of country 3 to expand their consumption
basket toward higher-indexed goods, thereby creating an environment for new firms to enter
the market of the rich country. Similarly, the real income gains in the hub are spent in
country 3, explaining the positive welfare effect. By the same token, the hub gains if the
decrease in its non-traded goods range with country 3 dominates (that is, if ¢ is sufficiently
small), but not if the decrease in the non-traded goods range contiguous to country 1
dominates (that is if ¢, is sufficiently small and ¢ >> 0). This subtlety disappears in ATE,
as then the welfare gains of country 1 accrue to the hub instead to country 3. Country 1

loses unambiguously under STE (du; < 0).

(insert Table 4 about here)
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5 Conclusion

This paper examines the effects of hub and spoke arrangements on resource allocation and
welfare when countries differ in their stage of economic development. Traditionally, inter-
national economists have made the simplifying assumption of homothetic preferences when
analyzing trade liberalization schemes, implying that all goods have the same unitary in-
come elasticities and that poor and rich households consume all available goods in the same
proportion. In light of a growing trend towards bilateral trade liberalizations between a
rich(er) country (the hub) and poorer countries (the spokes), we analyze such arrangements
in a framework that takes the implications of income differences on consumption patterns
seriously. We use a three-country Ricardian trade model in which consumers rank goods
according to priority. The poorest country, country 1, has a comparative advantage in the
production of lower ranked goods and specializes in goods with lower income elasticities in
demand. The richest country, country 3, has a comparative advantage in the production of
the highest-ranked goods and specializes in goods with higher income elasticities in demand.
The medium-rich country, country 2, has a comparative advantage in the production of the
intermediate-ranked commodities. Goods at the lower end of the spectrum are consumed
by all households and when income increases households add higher-ranked goods to their
consumption basket.

Within this framework it appears that the income level of a country greatly matters for
assessing the effects of hub and spoke arrangements on its welfare. A hub is most likely to
gain if it produces goods with the highest-income elasticities. In our framework that is the
rich country, where all households are rich enough to (also) buy these goods. A middle-
income hub, which produces goods with intermediate income elasticities at most, is less
ascertained of welfare gains and may even lose. The main reason for this divergence is the
inclusion of asymmetric demand complementarities. As a fall in the prices of lower-ranked
goods leads to real income gains that are spent on goods with higher demand elasticities,
which is favorable to rich countries and less so for medium-rich countries. Also for spokes
we find that welfare effects highly depend on income levels. Richer spokes are more likely
to gain than poorer spokes. This relation is non-monotonic, however. If a spoke country
is so poor that it cannot afford the higher-indexed goods that the rich country produces,
it is either shielded from welfare changes (if the rich country is the hub) or it has a fair
chance to gain (if the middle-income country is hub). It is therefore not only the income
differences per se that matter for the welfare results of hub and spoke arrangements, but

also the extent of these income differences.

14



References

[1]

[10]

[11]

Appleyard, D.R., P.J. Conway, and A.J. Field, Jr. 1989. “The Effects of Customs
Unions on the Pattern and Terms of Trade in a Ricardian Model with a Continuum
of Goods.” Journal of International Economics, 27: 147-164.

Baldwin, R.E. and A.J. Venables. 1995. “Regional Economic Integration,” in: G.M.
Grossman and K. Rogoff (eds.): Handbook of International Economics, Volume 3,
Amsterdam: North-Holland, 1597-1644.

Bertola, G., R. Foellmi, and J. Zweimiiller. 2006. Income distribution and macroeco-

nomic models, Princeton University Press, Princeton and Oxford.
Burenstam Linder, S. 1961. An essay on trade and transformation, Wiley, New York.

Deaton, A. and J. Muellbauer. 1980. Economics and Consumer Behavior. Cambridge

University Press, New York.

Hunter, L.C. 1991. “The Contribution of Nonhomothetic Preferences to Trade.” Jour-

nal of International Economics, 30: 345-58.

Hunter, L.C. and J.R. Markusen. 1987. “Per-Capita Income as a Determinant of
Trade,” in: R. Feenstra (ed.), Empirical Method for International Trade. Cambridge,
Mass.: MIT Press.

Kowalczyk, C. and R.J. Wonnacott. 1992. “Hubs and Spokes, and Free Trade in the
Americas.” NBER Working paper, no. 4198, NBER, Washington, D.C.

Krugman, P.R. 1993. “The hub effect: Or, threeness in interregional trade,” in: W.J.
Ethier, E. Helpman and J.P. Neary (eds.) Theory, policy and dynamics in international

trade: FEssays in honor of Ronald W. Jones. Cambridge University Press, Cambridge
UK.

Murphy, K., A. Shleifer, and R.W. Vishny. 1989. “Income Distribution, Market Size,
and Industrialization.” Quarterly Journal of Economics, 104: 537-64.

Schott, P.K. 2001. “Do rich and poor countries specialize in a different mix of goods?
Evidence from Product level U.S. Trade Data.” NBER Working paper, no. 8492,
NBER, Washington, D.C.

15



[12]

Stibora, J. and A. de Vaal. 2006a. “Trade Policy in a Ricardian Model with a Con-
tinuum of Goods under Nonhomothetic Preferences.” forthcoming in the Journal of

Development Economics.

Stibora, J. and A. de Vaal. 2006b. “Does Preferential Trade Benefit Poor Countries?
A General Equilibrium Assessment with Nonhomothetic Preferences.” Economics Dis-
cussion Paper 2006/6, Kingston University, Faculty of Arts & Social Sciences, School

of Economics, October.

Vernon, R. 1966. “International Investment and International Trade in the Product
Cycle.” Quarterly Journal of Economics, 80: 190-207.

Wonnacott, R.J. 1996. “Free-Trade Agreements: For Better or Worse?” The American
FEconomic Review, 86: 62-65.

16



A Labor market equilibria

Aggregate demand for good z from country j is Q;(2) = N;E;(z), for j = 1,2,3. As country
1 produces only goods in [0, z3), of which [0, z;] are exported to country 2 and [0, 2] are

exported to country 3, labor market equilibrium in country 1 has to satisfy:

Ny = [P ai(2)Qu(2)dz + [7 a1(2)Qs(2)dz + [ a1(2)Q2(2)dz. (A1)

The left hand side denotes labor supply, and the right hand side is the derived demand for
country 1’s labor. Substituting for @;(z) and using the definition of (7), this becomes

N N
wiLy = NiEy(z3) + —2E2(21) + _3E3(Z2)
T21 T31

with Fa(z1) = 7o1 [y wiai(s)ds, Es(z2) = 731 [;° wiai(s)ds, and Ey(z3) = [;° wiai(s)ds.
Similar reasoning applies to get the labor market equilibrium conditions for country 2 and 3.
The three labor market equilibrium conditions can be replaced by the equivalent statement
that in equilibrium trade has to be balanced. This yields equations (9)-(10) in the main
text for STE and (14), (15) for ATE. The concomitant budget constraints are given by
(11)-(13) for STE and by (16) and (12)-(13) for ATE. The six equations that determine
efficient production, together with the balanced trade conditions and the budget constraints
jointly determine the equilibrium values of the marginal goods z; — zg, the relative wage

rates w; (= wq/w;) for i = 2,3, and the utility levels u; for j = 1,2, 3.

B General equilibrium effects of tariff changes

B.1 Symmetric spending equilibrium

The symmetric equilibrium is contained in the six equations for efficient production (1)-
(6), the balanced trade conditions (9)-(10), and the budget conditions (11), (12) and (13).

Rewriting conditions(1)-(6) in percentage form yields

/Z\lz_é[&jZ‘{’?Ql}a j2’\4:%[(*/52_@”_/7\?)2]’
= —E T+ 0 —Tal, %= ([0 —0+Ti3— T, (B-1)
’2\3:—%[@2—?12], 36:%[@2_@3‘1“?23]'

where (, > 0, ( = (53— (, > 0, and where we have applied our assumption that (,(z;) = (5
and (3(2;) = (s, Vi.
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Total differentiation of (9) and (10), making use of (1)-(6) and (11)-(13) and evaluated
at 7y = 7i; for 4,7,k =1,2,3 and 7 # j, k yields

- - T r -

ln  —la T12
—t12 ta2 Ti3
[ Wo ] _ 1| 0n 0 —tl13 to3 To1 (B.2)
W3 D Qyn Qn —t1g o4 Toz |
—ti5  t2s T31
| tie —te | | Ta2 |

where the superscript “I” represents the transpose of a vector. The determinant D =

Q1199 > 0 since

Qll = N1a1(23)2’3 + Ngal(zl)zl + N3a1<22)22 > 0,
Qo1 = Qoo + ([N1as(23) 25 + Naaa(21)21 + Nsag(22)22] > 0,
Qg0 = (5 [N10a2(25)25 + Naaa(26)26 + Naaz(24)z4] > 0.

With
tin = Niag(z3)2s, t12 =0,
ti3 = Noag(21)21, t1a =0,
tis = N3ai(22) 22, tie = N3ai(22)2a,
ta1 = Ny [(oa2(25)25 + Caa(z3)2s), toe = (yN1as(25)2s,
ta3 = (Naay(21)21, tas = (9 Naa2(26) 2,
tas = (N3zaz(22)z22, tos = N3 [Cran(24)2s + Caz(22)20] -

It is helpful to recognize that

Qon — oy = —( [N1aa(z3)23 + Naag(21)z1 + Nsag(22)22] <0,

= —(wsy [N1a1(z3)23/T12 + Noai(z1)21721 + N3aq(22)22] <0,
Qo1 — Qy1Cws = Qg + §w2[N1a1(23)z3($ — 1) + Naay(21) 21 (121 — 1)],

= Qg + C[N1a2(23)23(1 - 7'12) + N2a1(21)2’1w2(721 - 1)]7

T1

Qo1 — QuiCwa/T12 = oz + (w2 [N2a1(21)751(721 - %) + N3ai(22)22(1 — %)] >0,
Qg — Q11@127'21 = (g — Cw2[N1a1<Z3)Z3(7'21 - 7—12) + N36L1(2’2)22(7'21 - )],

where we make use of (1)-(6) and the assumption that 7, = 7;; for 4,5,k = 1,2,3 and
i # j, k. Substituting the elements t;; into (B.2) and (B.1) makes it possible to derive the
results shown in the tables of the text. For calculating the effects of hub and spokes, it

suffices to add the effects of the relevant tariff changes.

18



B.2 Asymmetric spending equilibrium

The asymmetric equilibrium is contained in the six equations for efficient production (1)-
(6), the balanced trade conditions (14) and (15), and the budget conditions (16), (12) and

(13). The percentage change in relative wages can then be deduced from the following

system:
_ -T -
S11 —S21 T12
—~ ~ —S13 523 To1
W2 . 1 QQQ 0 - B.3
~ - = | = ~ S14 S24 T23 ( . )
w3 D | Qu O ~
—S15  S25 T31
| S16  —S26 L 732

with .5 = QQQQH > 0 and

Qu = Niai(z3)z3 + Noag(21)2
Qg9 =
Qg1 =

With
s11 = Niay (2’3)23

S13 = N2(11(2’1)21,

S15 = N3CL1(Z2)22,

S21 = Clezal(Zza)Zs,

S23 = CN2612(21)21,

So5 = (N3az(22) 22,
It is helpful to recognize that

Qo1 = Qap + Cwa Ny [¢o(1 —

+ N3CL1(22)Z2 > 0,

C2 [NQCLQ(ZG)Z(; + N3a2(24)z4] > 0,
CwalNy [C(1 = [72 ai(s)ds) + a1 (23) 23]

+N2 [Cag(zl)zl + <2a2(26)26] + N3 [CCLQ(ZQ)ZQ + <26L2(Z4>Z4} > 0.

512 =0,
S14 = 07

S16 = N3a1(22)22 > O,

S99 = 0,
S24 = C2N2a2(26>267

96 = N3 [(oaa(24)24 + Caa(22)22] -

3P ay(s)ds) + ai(z3)zs]

+C[N2a2(21)21 + N3a2(22)22] > 0,
le — CWQQll = 922 + ng [<2N1(1 — 023 a1<8)d8) + Ng(ll(Zl)Zl(Tgl — ].)] > 0,
Qo1 — To1Cwallin = Qoo + (o [Cle(l - 023 ai(s)ds) — (Nya1(23)23 + Nyay(22)22)(T21 — 1)} :

Substituting the elements s;; into (B.3) and (B.1) makes it possible to derive the results

for the asymmetric trade equilibrium.
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C Welfare expressions

In this part of the appendix we derive the welfare expressions used to derive the welfare
effects of hub and spoke arrangements. The welfare effects follow from total differentiation
of equations (11)-(13) for the STE and equations (16), (12) and (13) for the ATE. For STE,

we calculate for country 1

~ ~ w ~ ~
a3(u1)du1 = CL3(Z5)Z5Z5 — W3a (2’3)2323 - w—3 [(IQ(Z5)Z5Z5 — CLQ(Zg)Zng,]
z5 U1 ?
w3 ~ ~
+— as(s)dswsy +/ as(s)dsws.
w2 z3 25

When we use (1)-(6), and apply our assumption that each country imposes the same tariff

rate on its imports regardless of the country of origin, we get

~

az(ur)duy = 2 ;5 as(s)dsiy + f:; az(s)dsz + £2as(23)z3(1 — T12)23 (B.4)

Applying analogous methodology to the other two countries, we get for country 2

a(us)duy = — [1 — a2<s)ds] Qs + [ ag(s)dsds
(B.5)
+W3Cl1(21)2’1<7'21 — 1)21 — 03(26)26(7'23 — 1)/2\6
and for country 3
wg [ ~ s ~ w3 ~
az(ug)dug = — as(s)dswy — {1 — / &3(S)d8:| W3+ (732 — 1)—as(24)2424. (B.6)
CL)Q z2 z4 W2

For ATE, the expressions for country 2 and country 3 are the same. The expression for

country 1 becomes, instead of (B.4):

(w1 )duy = / " a(5) s — (712 — 1)aa(25)25%. (B.7)

z3
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Tables and Figures

Table 1: General equilibrium results with country 3 as hub

A mutual decline in dr93 = d113 = d731 = dT32 gives rise to:

21 z2 z3 %4 | %5 26 W2 w3 wa /w3
symmetric equilibrium: | 0 + — — _1 4!
asymmetric equilibrium: | 0 + | n.a. — 0 —1 +1

lZf N16L2<Z5)Z5 + NQGQ(ZG)Z(; > N36L2(Z4)Z4

Table 2: Welfare effects with country 3 as hub

A mutual decline in d793 = d7r13 = dT3; = dT35 gives rise to:

Country 1 (u;)
Country 2 (us)
Country 3 (ug)

T symmetric

T asymmetric

0
+2
+2

Lif Niag(2s)zs + Noas(z6)2z6 > Nsaa(z4)24; 2if ¢ — 0

Table 3: General equilibrium results with country 2 as hub

A mutual decline in d715 = d719; = dT33 = d723 gives rise to:

2 29 23 24 25 26 wWo w wa /w3
symmetric equilibrium: | + — — + + [+ = ?
asymmetric equilibrium: | + — — | +Y/+? | na. | +1/=-2 ] =3 1 41!

1Zf Gy — 0; 2Z'f ¢—0; 3if N1a1(23)23 - N2a1(21)21 + N3a1(22)22 > 0.

Table 4: Welfare effects with country 2 as hub

A mutual decline in d715 = d79; = dT35 = d793 gives rise to:

Country 1 (uy)
Country 2 (us)
Country 3 (ug3)

T symmetric
3

+1/+2

T asymmetric
+1
+2
+/+°

Lif ¢, —0; 2if ¢ —0; %if ¢, —0and ¢ >> 0.
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Figure 1: Production and trade patterns
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