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Abstract

I develop a model of international trade in which rich and poor countries trade in hor-
izontally and vertically differentiated products. Trade data suggests a positive relationship
between both a country’s extensive and quality margin of exports and imports, and the
trading partner’s per-capita income. I incorporate consumption indivisibilities and vertical
innovation into Krugman’s (1980) variety model to provide a demand-related rationale for
quality differentiation. Instead of abstaining from exporting, internationally active firms
may respond to a threat of parallel trade by selling a high quality version of their good to
rich consumers and a low quality version to poor consumers. I provide conditions under
which such an outcome is likely to occur. In this framework, rich countries profit from a
trade liberalization, whereas welfare effects are generally ambiguous for poor countries. My
model complements a flourishing literature that highlights various supply-side determinants

of quality differentiation.
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1 Introduction

The value of trade can be decomposed into the number of varieties traded, the traded volume
of each variety and the price a variety is sold for. Typically, sizable between-country differences
along these three dimensions are found when investigating disaggregated trade data. Although
most countries tend to import and export similar varieties, some countries trade more vari-
eties than others (extensive margin)(Schott, 2004, Hummels and Klenow, 2005, Bernasconi and
Wuergler, 2013). Maybe more astonishing, some countries trade higher volumes of a variety
(intensive margin) at higher prices than others (Hummels and Klenow, 2005). This observa-
tion suggests that there must be substantial differences in qualities of a traded varieties across
countries (quality margin). Otherwise, if products within a variety, i.e. watches, where homoge-
neous, such observations should not occur in trade data. Recent empirical research shed light on
how country characteristics might be related to the observed trading behavior along the three
margins and found remarkably congruent patterns.

A starting point was the seminal paper by Schott (2004) who analyzed disaggregated data
on U.S. imports. While increasingly sourcing the same varieties from both low- and high-wage
countries, he found that the United States tends to import products with high unit values!
from capital- and skill-abundant high-wage countries and products with low unit values from
labor-abundant low-wage countries. An illustrative example are men’s cotton shirts imported
from Japan which are supposed to be roughly 30 times as expensive as the identically classified
variety originating in the Philippines. Another interesting finding in Schott’s analysis is that
over time skill- and capital deepening countries experience an increase in unit values relative to
the countries they leave behind.

Many subsequent contributions found interesting patterns when considering the trade mar-
gins together with per-capita income. Hummels and Klenow (2005) observe that for a given
variety, richer countries export the good in higher quality than poorer countries. Moreover,
they find that richer countries tend to export a larger set of varieties than poor countries. The
same pattern is observed for imports. If two countries share roughly the same GDP, the richer
country tends to import more in terms of value and exceeds the poorer country in all three
margins (Bernasconi and Wuergler, 2013). Similarly, Hallak (2006) finds that when comparing
imports of some product category, higher-quality goods are imported disproportionately from
countries with a higher per-capita income. Lastly, Follmi et al. (2013) relate per-capita income

to the extensive margin and report that export probabilities are strongly increasing in per-capita

1Unit values are calculated by dividing the total value of trade of a product category by the quantity traded.

Unit values serve as a proxy for quality (Schott, 2004).



income of a potential importer.

An early theoretical contribution relating per-capita income, quality differentiation, and
trade intensity is the famous Linder hypothesis (1961). Linder argued that if richer countries
spend proportionally more on high quality goods they have a comparative advantage in pro-
ducing such goods due to closeness to demand. From this insight, he drew the conclusion that
countries with a similar per-capita income should have a higher trade intensity. While the Linder
hypothesis constitutes a demand-related explanation for quality and trade, more supply-related
theories were developed in the past two decades. Presumably the most popular theoretical ex-
planation is that high-skilled, high-wage countries use quality differentiation to escape the price
competition induced by low-skilled, low-wage countries. Since the invention and the production
of high quality goods often afford higher technologies than low quality goods, rich countries
tend to have a comparative advantage in producing high quality goods because they are en-
dowed with higher-skilled labor. Trade models encompassing such a supply-side reasoning can
be found for example in Flam and Helpman (1987), Murphy and Shleifer (1997), Matsuyama
(2000) and Baldwin and Harrigan (2011). These models match the empirical findings by Schott
(2004) pretty well.

A rationale that is similar in nature might emerge also on the demand side of trade theory.
Notice that many supply-side explanations leave no space for demand forces of different countries
due to the analytically convenient but empirically rejected assumption of homothetic preferences?
(Matsuyama, 2000). In a Krugman (1980) type trade model with differences in per-capita
income and non-homothetic preferences, Follmi et al. (2013) provide a purely demand-related
explanation for the prevalence of “export zeros” in trade data as a counter-part to the purely
supply-related heterogeneous firms model by Melitz (2003). They show that if consumers from
rich countries have a significantly higher willingness to pay® for differentiated products than
consumers from poor countries, firms selling products globally face a threat of parallel trade,
forcing them to charge a lower price in the rich countries as they could have charged in autarky.
The threat of parallel trade then leads some firms located in the rich country to abstain from
exporting and sell their good at a higher price exclusively in the rich market at the expense of
losing the market share in the poor countries. Similar to making use of quality differentiation to
escape from the price competition, I use the model by Follmi et al. (2013) to show that quality

differentiation might also be a helpful strategy to weaken the threat of parallel trade. Hence,

2Under the assumption of homothetic preferences, countries that have the same GDP but differ in population
size and per-capita income, are observationally equivalent actors. An exception is Matsuyama (2000) who employs

the same type of preferences as used in this analysis in a ricardian model of trade.
3Emerging from a higher per-capita income and non-homothetic preferences.



the observed differences in the extensive margin and the quality margin of trade are unlikely to
be pure artifacts of comparative advantage.

The main challenge of my master thesis is to combine a static version of the endogenous
growth model in “The macroeconomics of model T” by Follmi et al. (2014) with the trade
model in “International Arbitrage and the Extensive Margin of Trade between Rich and Poor
Countries” by Follmi et al. (2013). That is, I study a Krugman (1980) type trade model in
which R&D is not only designated to invent new goods (product innovation), but also to make
production of existing goods more efficient (process innovation). The basic idea is that newly
invented goods are of high quality, but cause high production costs. By undertaking a process
innovation, firms obtain the know-how to produce a lower quality version of the invented good
that has lower production costs. Moreover, I assume that consumer goods are indivisible and
households purchase either one unit of a particular good in high quality, one unit in low quality
or do not purchase at all. Such preferences are non-homothetic in the sense that consumption
bundles of rich and poor households differ along the extensive margin and the quality margin.

As in Follmi et al. (2013), I show that if per-capita income differences of the trading countries
are large, some firms in the rich country abstain from exporting to the poor country due to a
threat of international arbitrage (parallel trade). A key finding is that globally selling firms
may be able to weaken the threat of arbitrage by undertaking a process innovation and selling
the good in high quality to the rich and in low quality to the poor. In equilibrium, more firms
in the rich country engage in international trade than in the absence of quality differentiation.
Furthermore, I show that such a separating strategy is particularly likely to be adopted by
internationally active firms if the size of the rich market is small compared to the size of the
poor market, and if the cost-saving potential of the process innovation is neither too high nor
too low. Otherwise, globally selling firms prefer to sell their good in single quality.

My analysis highlights two further points. First, I show that closed-form solutions exist when
globally selling firms located in the rich country disagree on the optimal marketing strategy with
firms located in the poor country. In the presence of trade costs, it can happen, for example,
that firms in the rich country choose to serve both markets with high quality goods while firms
in the poor country find it optimal to serve both markets with low quality goods. In such a
situation, the prices firms of both countries charge in equilibrium are going to be different. But
if preferences are such that households only choose along the extensive and the quality margin,
differences in optimal prices are determined in equilibrium, and hence, closed-form solutions still
exist.

Second, I show that the specification of trade costs plays a crucial role when discussing welfare



effects of a trade liberalization. Fo6llmi et al. (2013) model a bilateral trade liberalization as
a reduction of iceberg trade costs and find that when between-country inequality is significant,
the poor country loses while the rich country profits from a trade liberalization. The reason is
that a trade liberalization increases the threat of arbitrage inducing less rich-country firms to
export to the poor country. If the reduction in imported varieties is larger than the increase
in home-produced varieties (due to a cost reduction effect), the poor country is going to lose.
However, I show that in a per-unit trade cost specification, the increase in home-produced
varieties only overcompensates the reduction in imported rich-country varieties if the market
size of the poor country is smaller than the market size of the rich country. This difference is of
potential relevance, since empirical research on the structure of trade costs rejects pure iceberg
cost specifications (Hummels and Skiba, 2004, Irarrazabal et al., 2010)

The model complements two recent contributions that provided a demand-related rationale
for quality differentiation. Bernasconi and Wuergler (2013) and Fajgelbaum et al. (2011) both
provide frameworks in which firms choose quality levels endogenously after having invented a
new product. They implicitly assume that quality differentiation is possible without any further
efforts in R&D. Nevertheless, the model by Bernasconi and Wuergler (2013) is similar in a sense
that quality differentiation results out of a threat of parallel trade and hence, they also find an
equilibrium where internationally active firms engage in quality differentiation and some firms
in the rich country abstain from exporting.

The remainder of the paper is organized as follows. In the next section, I present the
basic assumptions and discuss the autarky equilibrium. In Section 3, I use the framework to
compare trade equilibria in which internationally active firms sell their good in single quality to
an equilibrium where firms engage in quality differentiation. In Section 4, I discuss the optimal
choice of marketing strategies given the prevailing constellation of parameters. In Section 5, 1
present a model with a per-unit trade costs specification and compare it to the standard model
that incorporates iceberg trade costs. Section 6 concludes.

All contents and ideas stemming from “The macroeconomics of model T” by Follmi et al.
(2014) and “International Arbitrage and the Extensive Margin of Trade between Rich and Poor
Countries” by Follmi et al. (2013) are not cited in text.* This is authorized by Prof. Dr.
Josef Zweimiiller, co-author of the above contributions, who acted as supervisor and acts as

(potential) co-author for the full content of my master thesis.

“The explicit assignment for my master thesis (supervised by Prof. Dr. Josef Zweimiiller) was to combine the

ideas from the two contributions to enhance theory and gain new insights in international trade.



2 Autarky

I start by presenting the two autarky regimes. The economy is populated by P identical house-
holds. Each household is endowed with L units of labor, the only production factor. Labor is
perfectly mobile within countries and immobile across countries. The labor market is competi-

tive and the market clearing wage is W.

Consumers. Households spend their income on a continuum of differentiated goods. I assume
that goods are indivisible and a given product j yields positive utility only for the first unit and
zero utility for any additional units. The household has to decide whether or not to consume
good j, and if yes, whether to consume it in high or low quality. There are three outcomes:
either a household consumes (i) one unit in high quality, (ii) one unit in low quality, or (iii)
does not consume at all. Denote by z(j) an indicator function that takes value 1 if a household
consumes good j, and takes value 0 if not. Similarly, denote by ¢(j) the chosen quality level
which can take only one of the two values {qn, ¢;}> . For simplicity, but without loss of generality,

I assume {qn, q;} = {1, ¢}, where ¢ € (0,1). The household’s utility function takes the form

U= / " )2

Since the function is additively separable, the household’s utility is simply the sum of the quality
levels of the consumed goodsS.

Consider a household with income y who chooses among (a measure of) N goods supplied at
prices {p(7,q(j))}. The problem is to choose {z(j), ¢(j)} to maximize the utility function subject
to the budget constraint fON p(4,q9(j))z(j)dj = y. Denoting A as the household’s marginal utility

of income, the first order conditions for the discrete consumption choice of good j are given by

{Lgn} it qn/A—p(j,qn) = max[0,q/A - p(j,q)],
{z(7),a()} =9 {La} i a/A—p(,q) > max[0,q: /X — p(j, an)] (1)
{0} else,

These first order conditions are very intuitive. The condition in the first line of (1) says that
good j will be consumed in high quality if the consumer’s willingness to pay for the high quality
qn/ A is sufficiently larger than its price p(j,qp), so that both alternatives (purchasing not at

all and purchasing the low quality) lead to a worse outcome. In other words, there needs to

5Throughout the paper, subscript & is used for the high quality and subscript [ is used for the low quality if

necessary.
SNotice that the integral in the utility function runs from zero to infinity. While preferences are defined over

an infinitely large measure of potential goods, the number of goods actually supplied is limited by firm entry, i.e.

only a subset of potentially producible goods can be purchased at a finite price.



be a utility gain” and it needs to be larger than the utility gain from purchasing the low qual-
ity. Similarly, the consumer will purchase the low quality if there is a utility gain that is larger

than when purchasing the high quality. Otherwise, the household does not consume good j at all.

Technology. Production activities are undertaken in monopolistic firms that supply differenti-
ated products and operate with an increasing returns-to-scale technology. The creation of a firm
requires a product innovation, i.e. an investment of F' units of labor that yields the blueprint for
a completely new product. Once such a product innovation has been made, the innovating firm
obtains a patent granting the exclusive right to market this product. I assume that a new prod-
uct has quality g, = 1 and requires a (high) labor input a;, = 1 per unit of output. Additionally,
a firm has the option to undertake a process innovation, that cuts both the quality of the prod-
uct and its production cost. Namely, a firm can invest G units of labor to get access to a more
productive technology where the invented product can also be supplied in lower quality ¢; = ¢q. |
assume that the low quality version of the good requires a labor input a; = a per unit of output

where the resulting quality-cost ratio is higher than that of the high quality version, i.e. ¢/a > 1.

Equilibrium. Since both firms and households are identical, the equilibria are symmetric.
Similiar to the standard monopolistic competition model, the information on other firms’ prices
is summarized in the shadow price A. Depending on the constellation of parameters, all firms
will supply their good either (i) only in high quality to all households or (ii) only in low quality
to all households. At the border of the two regimes, firms as well as households will be indifferent

between the two qualities.

Lemma 1 For each quality, there is a single price p(qn) = 1/ resp. p(q) = q/X in all markets

and all goods are purchased by all consumers.

Proof. By symmetry, (1) shows that the aggregate demand for good j is a function of A
and the quality levels {gp, ¢} only. Consequently, the pricing decision of a monopolistic firm is
independent of the prices set by other competitors. It is profit maximizing to set p(qn) = 1/A
for the high quality version of the good and p(gq;) = ¢/ for the low quality as long as the
firm realizes a non-negative profit. To prove the second part of the Lemma, assume to the
contrary that only a fraction v of consumers purchases the product at price p(qp) = 1/, resp.
p(q1) = q/\. However, this cannot be an equilibrium, as the firm could undercut the price

slightly and sell to all consumers. =

"In fact, the utility gain q(j)/A — p(j, q(j)) is the consumer surplus.



Without loss of generality, I choose labor as the numéraire, W = 1. Two conditions char-
acterize the autarky equilibria. The first is the zero-profit condition, ensuring that operating
profits cover the entry costs but do not exceed them to deter further entry. For (i), the entry
costs are FW = F and operating profits are (p — W)P = (p — 1)P. The equilibrium price
for the high quality is then p, = %. For (ii), where firms undertake a process innovation
and supply the low quality, the entry costs are (F' + G)W = F + G and operating profits are
(p — Wa)P = (p — a)P. The equilibrium price is given by p; = W.

The second equilibrium condition is a resource constraint ensuring that there is full employ-
ment: (i) PL = N(F + P), (ii) PL = N(F + G + Pa). From this latter equation, equilibrium
product diversity (both in production and consumption) in the decentralized equilibrium is given
by

P P

aN - L N A
(i) Ny, F+PL,and(u) i F+G+PaL

Besides price setting, the optimal choice of the quality level belongs to a firm’s marketing
strategy®. Hence, a price setting equilibrium only exists if it constitutes a Nash equilibrium
in the firms’ quality choice. In the case of autarky, the intuition is simple. Because firms and
households are symmetric, all firms prefer to supply either the high quality or the low quality;

or all firms are indifferent between both qualities.

A — F+G+Pa

p a) If ¢ < ¢, the high quality is supplied in all markets.

Proposition 1 Define q
b) If g > q?, the low quality is supplied in all markets. ¢) If ¢ = ¢?, firms are indifferent between

the two strategies.

Proof. First, assume the prevailing regime to be (i), where the willingness to pay for the
high quality is 1/A = pp,. A deviation to the strategy where only the low quality is supplied is
profitable if gp, P — (F + G + Pa) > 0, or q > % = ¢?. Second, assume the prevailing
regime to be (ii), where the willingness to pay for the low quality is ¢/A = p;. A deviation to

the strategy where only the high quality is supplied is profitable if (1/q)p P — (F + P) > 0, or

F+G+Pa

< —prp = ¢?. If ¢ = ¢, deviations from both equilibrium strategies yield zero profits so

that firms are indifferent between supplying the high or the low quality. m

Due to increasing returns-to-scale, the critical quality level ¢”* depends on the market size
P. The larger the market to spread over the additional fix cost G, the more “unattractive”, i.e.
the lower the difference between the quality level and the unit costs a, the lower quality can be

so that firms are still incentivized to undertake the process innovation.

8] refer to some arbitrary choice of product prices and qualities as a firm’s marketing strategy.



3 Trade between a rich and a poor country

I will now consider a world economy where a rich and a poor country trade with each other.
I denote variables of the rich country with superscript R and those of the poor country with
superscript P. To highlight the relative importance of differences in per-capita incomes and
population sizes, I let the two countries differ along both dimensions, hence L > L and
PR ; PP . T assume trade is costly and costs are of standard iceberg type: For each unit sold to
a particular destination, 7 > 1 have to be shipped and 7 — 1 units are lost during transportation.

Depending on the magnitude of inequality, two types of trade equilibria emerge. If the
income gap between the rich and the poor country is sufficiently small, all goods are traded
internationally. I refer to this sort of equilibria as full trade equilibria. Analog to the autarky
case, it is optimal for firms to set prices equal to the households’ willingnesses to pay, hence I have
{pE,pF} = {1/AE, g/ 1} and {p!,pf'} = {1/AF", ¢/ F}. Since the rich country is wealthier than
the poor country, prices for goods with identical quality will be higher in the rich country.® By
symmetry, the prices of imported and home-produced goods are identical within each country.

Alternatively, if the income gap becomes sufficiently large, full trade ceases to be an equilib-
rium outcome. Arbitrageurs could purchase the good in the market of the poor country, ship it
to the rich country and underbid the price charged by firms'?. Firms anticipate this arbitrage
opportunity and adjust their marketing strategies accordingly, inducing some country-R firms
to abstain from exporting to the poor country. The reason is that under a threat of arbitrage,
it is not possible for globally selling firms (exporters) to skim the entire consumer surplus of a
rich household. However, firms serving the rich market exclusively (exclusive producers) do not
face such a threat and maintain the ability to fully exploit the rich households’ high willingness
to pay. In equilibrium, country-R firms are indifferent between a marketing strategy, where
the rich market is served exclusively and a strategy where the good is sold internationally. In
principle, selling exclusively to households of the rich country is also an option for country-P
producers. I will show later that in none of the equilibria they will adopt this strategy due to a
cost disadvantage caused by trade costs yielding a negative profit. This change in firm behavior
gives rise to the second type of equilibria which I refer to as partial trade equilibria.

The option of undertaking a process innovation introduces a quality dimension into the
trade model that potentially enables firms in both countries to apply a larger set of marketing
strategies. In the case of full trade, each firm could sell its good either (i) in high quality
worldwide, (ii) in low quality worldwide, (iii) in high quality to the rich and in low quality

S1/A > 1/ pit > pfand pft > pf.
19T will show below, that this threat of arbitrage occurs as soon as 1/A% > 7/AF.



to the poor, or (iv) in low quality to rich and in high quality to the poor. In a partial trade
situation, country-R firms additionally have to decide whether to engage in trade or not, and in
case of choosing to serve the rich market exclusively, they also have to decide whether or not to
invest in process innovation.

By symmetry, exporters (and exclusive producers) within a country will choose the same
marketing strategy in equilibrium. Since exporters in both countries operate under identical
technology, marketing strategies are expected to be symmetric across countries as well. Due
to the presence of trade costs, however, the subset of the parameter space where exporters are
indifferent between two given marketing strategies is generally similar but not exactly identical
for country-R and country-P exporters. This fact gives rise to “gray areas” in which the optimal
marketing strategies of exporters will differ.

In the remainder of this section, I assume that the income gap between the rich and the
poor country is sufficiently large such that only a subset of country-R firms engage in trade. 1

characterize four partial trade equilibria that are of special interest.

3.1 “Arbitrage” regimes

Among the partial trade equilibria, there exist three different equilibria which I refer to as
arbitrage regimes. In an arbitrage regime, exporters in both countries adopt the same “pooling”
strategy, i.e. they sell their good in the same quality worldwide and are thus fully constrained
by the threat of arbitrage. In regime A1, all producers sell their product in high quality.
A subset of rich-country producers sells their product exclusively in the rich country, while the
remaining rich-country producers sell their product both in the rich and in the poor country. All
poor-country producers sell their product worldwide!!. In regime A2, a subset of rich-country
producers sells their product in high quality exclusively in the rich country. The remaining rich-
country producers and all poor-country producers sell their product in low quality worldwide.
Finally, in regime A3, all producers sell their product in low quality in the same way as described
in Al.

To see why only a fraction of rich-country producers export their products, consider the
alternative situation in which all rich-country producers trade their products internationally. If
all firms charged a price that prevents arbitrage, all goods would be priced below rich house-
holds’ willingness to pay. In that case, however, rich households do not spend all their income,
generating an infinitely large willingness to pay for additional products. This would incentivize

country-R firms to sell their product only on their home market. Thus, in all arbitrage regimes

" This equilibrium is identical to the arbitrage equilibrium described in Follmi et al. (2013).



both types of firms will exist and the fraction of firms selling exclusively on the local market is
determined endogenously.

An arbitrage regime where non-traded goods are sold in low quality and traded goods in high
quality does not exist. Remember from the autarky case that any firm’s willingness to invest in
process innovation depends positively on the market size. Obviously, globally selling firms face a
strictly bigger market size than firms selling exclusively on the local market. Loosely speaking,
by the time exclusive producers decided to change the marketing strategy and undertake a
process innovation, exporters would have already done so.

To solve for the equilibria, denote the price in the poor country by p. Furthermore, I
denote the price in the rich country of traded and non-traded goods by p¥ and pf}, respectively.
The price of non-traded goods is equal to a rich household’s willingness to pay, which is pﬁ =
{1/AE, q/AB}.  Anticipating the threat of parallel trade, the price of traded goods may not
exceed and exactly equals the price in the poor country plus trade costs, pft = {7/Af, 7q/\E},
in equilibrium. The price of a product in the poor country is equal to a poor household’s
willingness to pay, which is p” = {1/A”, ¢/AF}. The following lemma proofs that this is a Nash

equilibrium.

Lemma 2 In an arbitrage equilibrium, firms that sell their product in both countries (i) set
pt = {1/AF q/AL} in country P and p% = tp* in country R, and (ii) sell to all households in

both countries.

Proof. Suppose exporters supply the high quality. (i) Assume 1/A" exceeds the marginal
costs of exporting. In that case, the maximization problem of an exporting firm reduces to
maximize total revenue PPpf(5) + PEpf(4) st. 7pF(5) > p®(j) and p(j) < 1/N'. Applying
Lemma 1, it is profit maximizing to set p’(j) = 1/A? if 7/AF > 1/AR (full trade equilibrium).
If 7/AF < 1/AR, the arbitrage constraint is binding, 7p”(j) = pf(j) = plt and revenues are
maximized when p? () = 1/AF. (ii) Assume to the contrary that only a fraction v of consumers
purchases the product at price p”’(j) = 1/A”. As in Lemma 1, this cannot be an equilibrium, as
the firm would lower p(j) and pf(j) slightly and gain the whole market in the poor country.

The logic of the proof is identical if exporters supplied the low quality instead. m

Wages. As in Krugman’s (1980) trade model, relative wages are determined by the zero-profit
conditions of the internationally active producers. I denote the relative wage by w = W /W,
Consider the situation where an internationally active country-i producer sells only the high

quality. The zero-profit condition is given by pEP% + pP PP = Wi[F + P + 7P~ 12, These

12_; = Pif R =i and vice versa.

10



firms’ total revenues do not depend on the location of production, but the required labor input
depends on location. Differences in population sizes generate differences in (total) transport
costs, and relative wages equalize these differences. Combining the zero-profit conditions of
country-R and country-P exporters yields

_ F+pPRyrpP
~ F+7PE4 pP’

Wh

where the subscript h indicates that exporters sell all goods in high quality. If the prevailing
regime is A1, the relative wage equals wy,. In a situation where an internationally active country-i
producer has undertaken a process innovation and sells only the low quality instead, the zero-
profit condition changes to pEP% + pP' PP = WiF + G + a(P" + 7P~%)]. Similarly, the relative

wage is then given by
_ F+G+a(PR+7PP)
~ F+G+a(rPE+ PPY’

where the subscript [ indicates that exporters sell all goods in low quality. w; will be the relative

wi

wage if either regime A2 or A3 prevails.

When the two countries differ in population size, wages (per efficiency unit of labor) are
higher in the larger country. Why are wages higher in larger countries? The reason is that
labor is more productive in a larger country. To see this, consider the amount of labor needed
by a firm in country ¢ to serve the world market. When country R is larger than country P,
firms in country R need less labor to serve the world market because there are less losses during
transportation, and this is reflected exactly in relative wages. There are two cases in which
wages are equalized: (i) 7 = 1. When there are no trade costs, the productivity effect of country
size vanishes. (ii) P® = PP. When the two countries are of equal size, productivity differences
vanish because transportation losses become equally large. Note further that 7' < w < 7.
When the poor country becomes extremely large, w — 7, and when the rich country becomes
extremely large, w — 7!, In the remainder of the paper, I choose the wage in the rich country

as the numéraire!® such that W¥ = w.

Prices. The zero-profit conditions also lets me derive the equilibrium prices for the various

products. Using p¥ =71pP 1 get

pp _ % if the quality of traded goods is g, (regime Al),
F+Gf ﬁ,&’f;ﬁpp) if the quality of traded goods is ¢; (regimes A2, A3); and
= %L?I:P if the quality of traded goods is g, (regime Al),
F+GT+ ,ngﬁpp) if the quality of traded goods is ¢; (regimes A2, A3).

13T set WE = 1.
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The zero-profit condition for an exclusive rich-country producer is pﬁPR = F + PR if the good
is sold in high quality, and pﬁPR = F+G+aP" if the good is sold in low quality. Consequently,

the equilibrium price of a non-traded variety is given by

R E ;IRDR if the quality of non-traded goods is ¢, (regimes A1, A2),
PN = F+G+aPR . . . .
‘*‘P% if the quality of non-traded goods is ¢; (regime A3).

Varieties. I denote the number of active firms in the poor country by N¥. N* is determined
by the poor country’s resource constraint that must be binding in equilibrium: the total amount
of labor PPLY is fully employed to set up and run N* firms each of them employing either
F +7P% + PP units of labor if the high quality (gp,) is supplied; or F + G + a(rP% 4 PF) units
of labor if the low quality (¢;) is supplied. Hence, the variety of goods produced in the poor

country is given by

N % if  qp is supplied (regime A1),
P p—
JaEe Jj gg; PP if ¢ is supplied (regimes A2, A3).

In the rich country, both traded and non-traded goods are produced which I denote by NJE and
N ]}\?, respectively. Solving for the rich-country variety of traded goods is straightforward. Using
Np toghether with the trade balance condition NﬁpP pP = NP p?PR and the terms or trade

p?/plD =71 get

NE % if  gp is supplied (regime Al),
T pu—
F+GJ:5(flg;+PP) if ¢ is supplied (regimes A2, A3).

Finally, rearranging the budget constraint of a rich household yields the following expression for
the variety of non-traded goods,
N = iR [Lr — pF(Nf + Np)].
PN

After having bought all available traded goods, rich households spend all their leftover income,
Lp— pg(N:,E + Np), on exclusive goods. Therefore, the equilibrium variety of exclusive goods
is given by a rich household’s leftover income divided by the price for exclusive goods pﬁ. The
equilibrium value of the leftover income is determined by a poor household’s budget constraint,
since the poor spend their entire income on all traded varieties. Thus, the value of traded
varieties must be NYE + Np = wL” /pP. Together with the rich household’s budget constraint
the general expression for the variety of non-traded goods is given by

NE = iR [LR — p}T;wLP] . (2)

Pn p
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Note that (2) must hold for any price setting strategy for which an equilibrium exists. In case
of the arbitrage regimes, I have p¥ /p¥ = 7. Together with the price for non-traded goods and

the relative wage I get

%(LR — Twy LT) in regime Al,
Ny = %(LR — 1w LP) in regime A2,
FJF%J};PR(LR — 7w LT) in regime A3.

The equilibrium prices and varieties of the arbitrage regimes are intuitive. First, the size of
inequality is only reflected in varieties but not in prices, because prices are fully determined by
zero-profit conditions and the arbitrage constraint. It must follow that the larger the inequality
and hence the more income is left over for rich households to buy exclusive products, the larger
the variety of exclusive products on the market in equilibrium. Indeed, the number of non-
traded goods N ]I\? is the only equilibrium quantity that depends on the difference of L and L*.
Second, prices are independent of the quality levels within a given marketing strategy. With
such “0-1” preferences only the extensive and the quality margin of consumption is modeled,
implying a discrete quantity-quality trade-off in the consumption of goods. Moreover, the firm’s
cost function is not continuous in the quality level either. If a firm produces a good in low

quality, ¢; = ¢, marginal costs are equal to a and do not react to a marginal change in q.

3.2 The “separating” regime

At first glance, the quality reduction may seem to be little more than an annoying by-product
of the undertaken process innovation in attempt to reduce costs. But since firms do not lose the
technology to produce the good in high quality after the process innovation, they can employ
quality differentiation as part of their marketing strategy. Consider again a situation where
the price setting of internationally active firms is constrained by the threat of arbitrage. The
arbitrage constraint can be weakened simply by selling the high quality to the rich consumers
and the low quality to the poor consumers. As a consequence, arbitrageurs still compete in
the rich market if prices set by exporters are (too) high, but they have to offer the good in
low quality for which the willingness to pay is lower. I refer to such a marketing strategy as a

“separating” strategy'4.

141 show below that exporters can separate the rich into the low quality and the poor into the high quality, if
the relative willingness to pay is relatively low and trade costs and/or the level of the low quality are high. In

absence of trade costs, however, it is impossible to implement such a separating strategy.
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The separating regime looks as follows. Exporters charge a price equal to the willingness to
pay for the low quality, p¥’ = q/ AP, in the poor country. In the rich country, exporters have
to make sure that the households utility gain of consuming the high quality, 1/Ar — p¥ is at
least as large as the utility gain of consuming an imported low quality version of the same good,
q/Ar — Tp¥’. They set a price p& = 7¢/AF + (1 — q)/Ag, where rich households are indifferent
between consuming the good in high or in low quality. Notice that also with a separating
strategy, exporters cannot fully exploit the willingness to pay of the rich households. Hence, by
the same argument as in the arbitrage regimes, there must exist varieties of non-traded high

quality goods sold to rich households at price pﬁ =1/\E,

Lemma 3 In a separating equilibrium, firms that sell their product in both countries (a) set
pP = q/AY in country P and pi = 7q¢/A\F + (1 — q)/Ar in country R, and (b) sell to all

households in both countries.

Proof. See Appendix A. m

Wages. The zero-profit condition for a rich-country exporter is given by p%PR + pP'PP =
WE[F +G + PR +7aPF]. While poor-country exporters earn the same revenues, they face total
costs WP [F + G + aP® + 7 PP], yielding the relative wage

_ F+G+PR4raPP
 F+G+7PE 4Pl

Wh,1

where the subscript h, [ indicates that exporters sell their good in high quality to the rich and in
low quality in the poor. While no productivity differences were present in the arbitrage regimes
if the two countries were of equal size, this changes in the separating regime. Under the assump-
tion of iceberg trade costs, where trade costs are proportional to (variable) production costs of
a good, country-R exporters save trade costs by shipping the low quality. Hence, wy; < 1 for

PR > qPP and vice versal®.

Prices. Using p” = ¢/\F and pﬁ = 1/, the price exporters charge for the high quality in the
rich market can be expressed as p¥ =mpP +(1- q)pﬁ. Together with the zero-profit condition

and Pf = 527 1 get!6

P
p  q(F+ PR +G+r1aP? 4 oF T-l—(l—Q)% (F + PE) + 7(G + 1aP?)

- TPR 4 PP Pr = PR PP :

5 Asymptotic properties remain the same as for wy, and wy; wn, € (771, 7). Moreover, wy,; = 1 if 7 = 1.

16 Calculations on page 40.
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Because of the quality differentiation, prices of traded goods are, unlike in the arbitrage regimes,
a continuous function of the quality levels. If the difference between the two qualities is big, i.e.
q is low, the price for the high quality that sets a rich household indifferent between the two

qualities is high and vice versa.

Varieties. The number of active firms in the poor country is again determined by the resource

constraint, P'LY = NP(F + G + 7PE + aP?),

P PPLP P PP
F+G+71PR4qgPP " F+ G+ PR 4 raPP

Employing the budget constraint of a poor household, wy, LY = pP(NE + NF) the variety of

whﬂlLP
et 2 A

traded goods in the rich country can be expressed as N& = — NP, Plugging in p? and

NP 1 get
TPl + pP PP
q(F + PR+ G+ 71aPP F+PR+G+1aPP |’

NFE =wy,, LY

Finally, using (2) and the price setting strategy for country-R traded goods, p? = Tpp—&—(l—q)pﬁ,

the variety of non-traded goods can be written as

1 1
NE = —R(LR — 1w L) — (1 — Q)uwp LY — | or
Pn pP
PR TPR—l-PP
N = (L% — 1w L) — (1 — q)wp, L7 :
N F+PR( Twp L) — ( Q)W q(F + PR)+ G + raPP

Comparing the equilibrium variety of non-traded goods of the arbitrage regimes and the sepa-

rating regime nicely shows that less country-R firms abstain from exporting in the separating

PR

, W(LR — 1wy LT), is approximately equal to the number of

regime. The positive part of N ]I\?
non-traded goods in the arbitrage regimes. The negative part turns out to be simply a fraction
of the equilibrium variety of traded goods; (1 — q)wp LT /pP = (1 — q)(NE + NT). As expected,
a larger quality gap (a lower ¢) comes with a lower variety of non-traded goods, NE/dq > 0.
A larger quality differential between the two versions of the goods enables exporters to skim a

bigger part of the consumer surplus of the rich, leaving them less “residual” income to purchase

exclusive goods. Consequently, less exclusive producers exist in the separating regime.

4 Partial trade regimes

In the last section, I presented the separating strategy as some sort of an exporter’s solution to
the parallel trade problem when income differences between countries are significant. But the
way process innovation and quality differentiation is specified strongly suggests that it depends

on parameters whether the separating strategy is a valuable alternative to the pooling strategies.
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For instance, if the process innovation brings about a massive reduction in marginal costs,
whereas the loss in the good’s quality is relatively moderate, it is easy to imagine that the
separating strategy becomes unattractive. If the costs of a process innovation G are sufficiently
low, exporters will supply the lower quality at a relatively high price globally while saving
considerable costs in production. When G is prohibitively high instead, exporters are not willing
to undertake a process innovation and sell only the high quality in both countries. Is the purpose
of this section to closer examine what the optimal marketing strategies of firms are going to be

given the constellation of parameters.

4.1 Borders of regimes

A regime exists if there exists a non-empty subset of the parameter space such that the firms’
chosen marketing strategies constitute a Nash equilibrium. Therefore, borders of regimes are
characterized by subsets of the parameter space where firms are indifferent between the regime’s
marketing strategy and the respective deviating strategies. As in Proposition 1, an intuitive way
to determine these subsets is to find conditions on ¢ that must be satisfied for a given partial
trade regime to prevail. Checking the profitability of deviating strategies for each regime by all
agents (exclusive producers, country-R exporters and country-P exporters) yields values for ¢
as functions of cost parameters where agents are indifferent between the equilibrium strategy

and the deviating strategy.

Symmetric regimes. I start by determining the borders of the symmetric regimes described in
the previous section. I call a partial trade regime symmetric when exporters of the rich and the

17 The following proposition

poor country adopt the same marketing strategy in equilibrium
states necessary conditions on ¢ for each symmetric partial trade regime. These conditions
will not be sufficient though since they do not guarantee partial trade. One could easily find
parameter constellations satisfying the conditions on ¢ where either all firms trade, because the

income gap is too low (full trade); or firms do no trade at all, because trade costs (7) are too

high (autarky).

Proposition 2 (a) In the separating regime S the following two conditions are satisfied: (i)

R
G+(1+(r—1)0)aP? _ p _ F+GEp+(14+7m)P" g F+PR—w, (1-a)rPE _ p
q> (1(—&-a((7:r—1))0));13 =qp , where 0 = — b — 5 and (ii) q < Fi}R =qf.
(b) In arbitrage regime A1 the following two conditions are satisfied: (i) q < %ﬂppp =qf;
. F+G+a(PR4+rPP . F+G+a(rPR+PP .
and (i) q < +Fjr_li(R+r—;37P ) = ¢t if PP > PR and q < +FI?I(DTR+;P ) = qf if PP < PE.

17Strictly speaking, all partial trade equilibria are asymmetric in nature, since exclusive producers do not exists

in the poor country.
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(c¢) In arbitrage regime A2 the following three conditions are satisfied:

(i) q¢ > qé% ifPP < PR and q > qéj z'fPP > pk. (ii) q¢ > };trag; = qf; and

F+G+aPR _ E
(m)q<wzq )

(d) In arbitrage regime A8 the following condition is satisfied: q > q.

Proof. See Appendix C. m

It is striking that the union of A1, A2, A3 and S does not exhaust the subset of the parameter
space where partial trade occurs. For example if ¢ € (q{?',qfD ) and ¢ < {q?,q{f }, country-P
exporters prefer a high quality pooling strategy over a separating strategy while country-R
exporters prefer the opposite. The reason for these gray areas is the presence of productivity
differences varying across regimes. For example the cost advantage (disadvantage) for a country-
P exporter is always lower (higher) in the separating regime than in the arbitrage regimes, while
the opposite counts for a country-R exporter. This implies that for country-R exporters it be-
comes profitable to switch from a pooling strategy (regimes A1-A3) to a separating strategy
(regime S) before it becomes profitable for country-P exporters. On the other side, it becomes
profitable for country-P exporters to switch from a separating strategy to a pooling strategy
before it becomes profitable for country-R exporters. Note that in the absence of productivity
differences the gray area would disappear and there would be knife-edged borders between sym-

metric partial trade regimes'®.

Asymmetric regimes. What happens in these gray areas, where exporters of the two countries
disagree on the optimal marketing strategy? Luckily, the answer is simple: the partial trade
equilibria become asymmetric. In the gray area between the separating regime S and A1, for
example, country-R exporters adopt the separating strategy, while country-P exporters sell the
high quality to all households. The only problem is the exploitation of symmetry in marketing
strategies in order to solve for the relative wage w. Remember that if exporters in both countries
adopt the same strategy they will realize the same revenues in equilibrium. Together with the
zero-profit conditions, I then solved for w. However, if country-R exporters adopt a different
marketing strategy than country-P exporters, revenues will diverge making it impossible to solve
for the relative wage and prices, in general.

The good news are that the difference in revenues is known. To see this, consider again the
gray area between S and Al. By optimal price setting, country-P exporters set pg = 1/A\F

for the high quality in the poor country and p% p = Tpg in the rich country!?. Country-

18This is never the case under the assumption of iceberg trade costs, even if the two countries are of equal size.

I show below that under the assumption of per-unit trade costs productivity differences disappear for P® = P,
9GQubscript P indicates that prices are set by a country-P exporter.
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R exporters set optimal prices according to the separating strategy where pﬁ = ¢/A\P and
p% R = Tpg + (1 - q)pﬁ. But then pg = qu must hold in equilibrium. The zero-profit
condition is given by TpfiPR + pJP;PP — w[F 4+ 7P® + PP] = 0 for a country-P exporter and
(rph + (1 — q)pR) PR — pL PP — [F + G + PR + 7aP?] = 0 for an exporter in the rich country.

Using pg = qu and pﬁ =F ;’;’R, the latter zero-profit condition can be expressed as Tp?PR +
po PP — (1/q)[q(F + PE) + G + 7aP?] = 0. Combined with the zero-profit condition of the
q(F+P®)4+-G+raP?

country-P exporters | have w = . Calculating equilibrium prices is then again

q(F+7PE4PP)
straightforward. Other asymmetric partial trade equilibria can be solved in the same manner.
Being capable of solving for asymmetric partial trade equilibria lets me state the following

proposition.

Proposition 3 In a partial trade equilibrium, it is optimal for a country-i exporters to adopt:
(a) a high quality pooling strategy if ¢ < ¢¢ and q < ¢4; (b) a low quality pooling strategy if

q> g and g > ¢; (c) a separating strategy if ¢ < q < gb.

Proof. See Appendix C. m

Proposition 3 determines the optimal marketing strategy of exporters in both countries given
the prevailing constellation of parameters. To discuss the intuition, it is suggestive to provide
a graphical illustration of the borders. As mentioned before, productivity differences and there-
fore the partitioning of the parameter space into symmetric and asymmetric regimes depends
crucially on the relative population size of the two countries. For this reason, I take a closer
look at three different cases where (i) the two countries are of equal size, (ii) the rich country is
large and the poor country is small, and (iii) the rich country is small and the poor country is
large. I discuss the intuition behind the influence of the cost parameters and the quality level
on the regime borders in case (i). However, these intuitions do not change qualitatively when

the countries vary in population size.

Two equally large countries. Figure 1 provides a graphical illustration of the partial trade

20 Exporters are equally productive in the arbitrage equilibria (w, = w; = 1) when

regimes
countries are of equal size, i.e. PF = PP. They are indifferent between the high quality
pooling and the low quality pooling strategy for the same quality levels qéj = qé? implying that
no asymmetric regime is present between the arbitrage regimes Al and A2. Since country-P

are always less productive under a separating strategy, they switch to a pooling strategy before

20 Analog to Féllmi et al. (2014), T plot the critical levels of ¢ against the process innovation costs G. For
simplicity, ¢ and ¢ are graphed as linear functions in G. Note that ¢f and ¢ are indeed approximately linear

in G since 90/0G =~ 0 and Ows,1/0G =~ 0.
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country- R exporters do. Therefore two asymmetric equilibria surrounding the separating regime
always exist. In the area marked by ('), country-P exporters adopt a separating strategy, while
country- R exporters adopt a high quality pooling strategy. In the area marked by (x?), country-
P exporters also adopt a separating strategy, while country-R exporters adopt a low quality
pooling strategy instead. The size of the asymmetric regimes mainly depends on trade costs.

The higher the trade costs the bigger these regimes.

Figure 1: Partial Trade Regimes (P® = PF)

A3

A2

The model provides interesting results about the role of the costs of product innovation (F)
and process innovation (G). Clearly, supplying the low quality becomes more attractive when
G is small. But it also becomes more attractive the smaller the cost of a product innovation F'
is?l. The reason is that more products will be invented in equilibrium if the cost of a product
innovation decreases. This lowers the willingness to pay for a single good since the income of the
households is now spent on more and more goods. But the willingness to pay for the low quality
does not drop as drastically as for the high quality while the drop on the cost side is identical.
Consequently, supplying the low quality becomes more attractive for a lower F' as well.
However, this explanation is not sufficient to understand the borders surrounding the sepa-
rating strategy for two reasons. First, the border between S and Al (¢f and ¢f’) depends on G
as expected, but not on F?2. As before, the willingness to pay for the low quality drops by less
than for the high quality if F' decreases which makes the low quality more attractive. But this
effect only works for the market of the poor country, because in the rich country, exporters still

supply the high quality. The price an exporter can charge for the high quality falls because the

21%qE < 0 and %q? = %qg? <0.
*2Note that also 90/0F ~ 0 and dw,;/OF = 0.
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willingness to pay drops if I’ decreases. But this price must fall even more because the difference
between the willingness to pay for the high quality and the low quality is now smaller increasing
the incentives for rich-country consumers to switch to the low quality. It seems that this effect
compensates the potential gains of supplying the low quality in the poor country such that the
overall effect of F' is zero.

Second, the border between S and A2 (qf and qu ) depends on F' as expected, but not on
G. If G decreases, the price exporters charge for the low quality in S decreases and thus, the
price for the high quality must decrease as well to keep the rich buying the high quality. But
one can easily observe that the prices the deviating exporter charges decrease by the exact same
amount. Since exporters undertake a process innovation in both strategies, costs also decrease by
the same amount. Therefore, the cost of a process innovation must be irrelevant if firms choose
whether to sell the low quality only to the poor or to sell the low quality globally. In contrast,
if I’ decreases, not only decreases the price an exporter charges for the low quality, but also
the willingness to pay of the rich for the high quality. This decreases the price an exporter can
charge for the high quality more drastically such that selling the low quality globally becomes
more attractive.

Supplying the low quality becomes more attractive the higher the difference of the quality

23 As a conse-

reduction and the marginal cost reduction, ¢ — a, of the process innovation is
quence, the prevalence of a separating equilibrium is impossible if the difference between the
quality gap and the marginal cost gap is either too small or too large. If the difference is too
small, the low quality is simply not profitable enough to serve the market of the poor country; if
it is too large, exporters are no longer interested in separating the market. It is more profitable
to sell only the low quality instead. The intuition is that the lower the price for a given quality
level of the low quality?*, the higher is the incentive for the consumers in the rich country to
import the low quality instead of buying the high quality in the home market. This forces the
exporters to sell the high quality at a lower price to prevent the rich consumers of buying the low
quality. Because the costs of (high quality) production remains unchanged, the margin shrinks,
while at the same time the margin of the low quality increases, finally making it unattractive
to separate the market. Furthermore, if the quality reduction is bigger than the marginal cost

reduction (¢ < a), Al will prevail with certainty, since it is never attractive to supply the low

quality (even for G = 0).

ZNote that with general quality and cost levels the difference could be written as Z—i - Z—Z.

240r the higher the level of the quality for a given price for the low quality.
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A large rich country and a small poor country. A situation where the rich country is large
and the poor country is small is illustrated in Figure 2. In that case the country-R exporters
have lower costs in all strategies. As a result, an additional asymmetric regime, marked by (x3),
exists between Al and A2 where country-R exporters sell the high quality to all households,
whereas country- P exporters sell only the low quality?®. Country-P exporters are incentivized to
deviate from a high quality pooling to a low quality pooling strategy before country-R exporters

g’ < ¢ because the cost disadvantage is lower in A2.

Figure 2: Partial Trade Regimes (Pf > PF)

A3 A2

Al

When the population in the rich country is much larger than in the poor, it becomes unlikely
that the separating regime will prevail. The higher the population in the rich country, the lower
will the rich households willingness to pay be for the high quality in equilibrium. But then the
margin of the separating strategy becomes too low, since supplying the high quality to the rich
comes at higher marginal costs. Therefore, the arbitrage regimes where exporters supply the low
quality worldwide (A2 & A3) become more likely. In particular, A3 becomes more likely since
exclusive producers face a high market size to spread the additional fix costs when undertaking

a process innovation.

A small rich country and a large poor country. Finally, a case where the rich country is

small and the poor country is large is illustrated in Figure 3.

25The border between A2 and A3 is always knife-edged, because it is determined only by deviation of exclusive

producer which do not exist in the poor country.
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Figure 3: Partial Trade Regimes (P® < PT)
q

A
A2 A

Al

When the poor country is very large compared to the rich country, it will have a cost advantage
in all regimes. The cost advantage for the poor country is the highest in A1l and the lowest in
S. Hence, country-P exporters again want to deviate to the pooling strategies before country-R
exporters. Moreover, country-P exporter want to deviate from a high quality pooling to a low
quality pooling strategy before country-R exporters (q?{D > qf), giving rise to an asymmetric
regime, marked by (x*), where country-P exporter sell only the high quality and country-R
exporters sell only the low quality globally.

The separating strategy becomes particularly attractive when the poor country is large
and the rich country is small. On the one hand, the price exclusive producers can charge
in equilibrium is going to be high, on the other hand, exclusive producers have to refrain from a
huge market in the poor country. Needless to say that skimming the rich households’ willingness
to pay as much as possible by selling the high quality in the small rich market while selling the
more efficient low quality in the large market of the poor country (benefiting from increasing
returns-to-scale) tends to be a convincing strategy for an internationally active firm. Clearly,
when both the size of the rich country and the poor country is small relative to the fix costs F’

and G, the arbitrage equilibrium A1 will be most likely to prevail.

4.2 Existence of equilibria

In a first step, I want to show under what conditions the above described partial trade regimes
constitute indeed the only equilibrium outcomes where only a subset of the available varieties
are traded. Thereafter, I note conditions ensuring that either partial trade, full trade, or no

trade at all will occur in equilibrium.
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I start with the proof that in a partial trade equilibrium, exclusive producers only exist in
the rich country. Proposition 4 states that country-R exclusive producers realize strictly higher

profits than country-P exclusive producers.

Proposition 4 Denote by 7' the profit of an exclusive producer in countryi, i = R, P. 7 > 7¥

must hold in all partial trade equilibria.

Proof. Assume exclusive producers supply their good in high quality. Then 7% = pf,PR —

(F + PE) and 7l = p¥ PR — w(F + 7P®). It follows that 7 > 7" if and only if w > fjf;;

It is easy to see that w satisfies this condition in all regimes. Assume now that exclusive
producers supply their good in low quality. Then 7% = p&PF — (F + G + aP%) and " =
pR PR — w(F + G + 7aP%). Tt follows that 7 > 7! if and only if w > £+CEDL which is
always true. m

Clearly, 7% which is simply the zero-profit condition of a country-R exclusive producer, must
be equal to zero in equilibrium. But then, by Proposition 3, country-P exclusive producers would
realize negative profits forcing them to change strategy and sell their good to poor households

as well. Country-P exclusive producers have a cost disadvantage since they are forced to ship

their goods and thus face higher costs even when the relative wage is low.

Full trade or partial trade? Full trade equilibria all share the same two properties: (i) prices
are set equal to willingnesses to pay of households in the two countries, i.e p©’ = {1/AF ¢/AF} and
pf = {1/A\E q/A}; and (ii) differences in per-capita incomes generate proportional differences
in prices, i.e. wLL—}; = ﬁ—i. If firms adopt a pooling strategy in either quality, partial trade occurs

as soon as pft > rpf or if
LR
wL?f

However, if firms adopt the separating strategy condition (2) is not sufficient to guarantee partial

> T (3)

trade. By Lemma 2, the price that sets rich households indifferent between the high and the low
quality is pft = 7¢/AF + (1 —q) /M. Plugging in the full trade prices yields p% = 7p¥ + (1—q)p™.
Partial trade occurs as soon as p&¥ = pf > 7pf + (1 — q)p® or if p?/p" > 7/q. Hence, the
condition for partial trade when firm adopt the separating strategy is

R T
WL? > 1 (> 7). (4)

Condition (3) is perfectly in line with the finding that the separating strategy indeed weakens
the arbitrage constraint. Moreover, the variety of exclusive goods in the separating regime N ]I\?

becomes positive as soon as (3) is satisfied?® and the variety of exclusive goods in the separating

. R R . . R
WBNE = %(LR —Twn LT — (1 - q)wh,lLPpip > 0. Using thle = *% and solving yields WhLT > I
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regime is smaller than in the arbitrage regimes. Altogether, the possibility of customizing goods

in the form of quality differentiation fosters trade.

Selling the low quality to the rich and the high quality to the poor? In contrast to
the autarky model presented by Follmi et al. (2014), separating the rich households into the
low quality and the poor households into the high quality can only be ruled out if the following

condition is satisfied.

Proposition 5 Separating rich households into the low quality and poor households into the

. . .. . . 1/AR r—4
high quality is impossible for exporters if AP > Toq

Proof. See Appendix D. =

Unfortunately, this assumption is rather dissatisfying. Notice that the relative willingness to
pay, %’A\i, is determined endogenously and is independent from the income gap in any par-
tial trade equilibrium. Hence, assuming a large income gap does not rule out such a rather
counter-intuitive marketing strategy. For example, assume the prevailing regime to be A3. Us-

ing pf} =q/ A and pf’ = q/ AP, the assumption that rules out a deviation to such a “strange”

R _ 49
separating strategy would be given by z—% > Tl_;. Obviously, the assumption is likely to be

violated if trade costs are sufficiently large, or if ¢ approaches unity. However, checking a such
deviation for a country-R exporter in A3, shows that such a deviation would only be profitable
if ¢ < a, which is ruled out by assumption®’. But when checking the deviation for a country-P
exporter, it becomes more tedious to show whether such a deviation is possible for some pa-
rameter constellation. Moreover, deviations to such a strategy would have to be checked for all

other partial trade regimes as well. In this analysis, however, I assume the above condition to

hold.

Do firms trade? Up to now I have implicitly assumed that trade costs are sufficiently low
so that the two countries will engage in trade. The following proposition proves existence of

general equilibria with trade.

Proposition 6 The two countries will trade with each other for all L* /LY € (0,1] as long as

T<Ti=\/F/PR+1.

Proof. See Appendix E. m

F+G+a(PE4rPP)
TPR4 PR

F+G+aPF
F+PR

Q)(1/q)pR)PE + (1/q)p" PP — [F + G + aP® + 7PF] > 0, or if ¢ < a.

TUsing pR = and pf = , the deviation is profitable if (7(1/q)p” — (1 —
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75, reflects the critical value that 7 should fall below such that exporters in the arbitrage regime
Al are willing to engage in trade. In Appendix E, I showed that the critical values for 7
in the other partial trade regimes (and the full trade regimes) are altogether higher than ;.
Particularly, in the arbitrage regimes where exporters supply the low quality in all markets (A2
& A3), the critical value for 7, 7/, turns out to be the highest. Thus, if 7 > 7;° none of the
partial trade regimes exist. Note that under the assumption of iceberg trade costs, firms can
lower their total trade costs by undertaking a process innovation and shipping the low quality
which is produced at lower costs. This implies that in return trade costs can be higher such that

exporting is still profitable.

5 The role of trade costs

Lastly, I want to discuss how some important findings of the above model crucially depend
on the specification of trade costs. Since this work ought to be an advancement of the paper
by Follmi et al. (2013), I have so far assumed trade costs to be of standard iceberg type.
However, the introduction of process innovation and the existence of a separating equilibrium
unfolds a potential drawback of iceberg trade costs. Schroder & Sgrensen (2012, p.3) accurately
summarize that “iceberg cost specifications in a marginal cost heterogeneity setting have the
undesirable side effect that firms with lower marginal cost are not only more productive in
producing goods, but also more productive in transporting goods”. This is exactly what makes
the separating strategy systematically less attractive for country-P exporters. In the separating
regime country-R exporters ship the more efficient low quality version of their product, making
them more productive in trading their good. Moreover, by undertaking a process innovation,
firms can save not only production costs, but also trade costs if they are of iceberg type.

The aim of this section, however, is not to generally criticize iceberg trade costs. Whether
the side effect mentioned Schréder & Sgrensen is indeed undesirable or not might also remain an
empirical question. For instance, Irarrazabal et al. (2010) find in their analysis of WTO data on
tariffs?® that per-unit trade costs are substantial, being, on average, between 35 and 45 percent
of the average consumer price. They reject a pure iceberg model and present a trade model
encompassing both iceberg and per-unit trade costs finding that the modification has important

consequences when firms are heterogeneous.

BWTO Integrated Database (IDB); see http://tariffdata.wto.org.
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5.1 Per-unit trade costs

Similarly, let me now discuss some important consequences for the model under the assumption
of per-unit trade costs?. I assume per-unit trade costs to be ¢ > 0. In the separating regime,

the relative wage changes to

F+ G+ PR +aPP +tPP
w = .
M F 4+ G+ PRy aPP (PR

Notice that with per-unit trade costs the relative wage in the separating regime shares the same

properties as the relative wages in the arbitrage regimes which are given by

F+ PRy PP tpPP d F+G +a(PF+ PP) +tPP
= an W = .
F+ PR+ PP +tPE """ F+G+a(PR+PFP)+tPR

Wh

If the two countries are of equal size, P = PP the relative wage will be equal to unity,

30

w = 1, also in the separating regime®”. Using pg = pf 4+t in the arbitrage regimes and

p% =pl +t4+(1— q)pﬁ in the separating regime, together with the zero-profit conditions to

calculate prices charged in the poor country yields

F+PR4pP4t(PP_PR)
P PE4 PP
F+G+a(PE4PP)+t(PP—PHR)
PRy pP

in regime Al,

in regimes A2, A3; and

F + pPE P4+ ypr — PR
pPZQ( H P+ G +ab +H )inregimeS.

PR 4 pP
The profit when a country-R exporter in Al deviates to a separating strategy becomes positive,
ie. (g +t+ (1 —q)pR)PE 4+ gp’ P’ — (F + G + PR+ (a+t)P") > 0, when

G+ aP?P +t(PP - PF)
PP +t(PP —pRy 1

q>

Similarly, for a country-P exporter I have

G + aP? +t(PP — PR)¢

. F+ (1+t)PE
1 PP + (PP — PR

F+ PR+ (1+t)PP’

= q{? , where ¢ =

It is easy to see that the critical quality level is identical for exporters when both countries are
of the same size: ¢i* = qf, if PP = PR, Furthermore, exporters in S deviate to a high quality
pooling strategy as soon as

G + aP? + (PP — PR)
PP + (PP — PR)

q< =qf

2Calculations on pages 46-53. A combination of both per-unit and iceberg trade costs, or an even more
elaborate specification of trade costs would certainly be interesting. For the purpose of this section, however, it is

sufficient to show the consequences by comparing the simple cases of per-unit trade costs and iceberg trade costs.
39Further properties are w; > wh, > wp > 1 for PP > PE and vice versa; wy, € {l—_l,_t, 14t} why € {%_,_t, 1+ %},
1+ L3}

1
wle{1+£,
a
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G+ aP? +t(PP — PR)g
PP 4 t(PF — PR)f

F+(1+t)PE
F+ G+ PE+ (a+t)PP’

= ¢}, where 6 =

showing that the border between the separating regime and the arbitrage regime A1l is knife-

edged and qf = qf) = qf, = G+Pap when PP = P = P. Because the relative wage is equal to

unity in both regimes, neither country-R nor country-P exporters have a cost advantage under
the deviating strategy. Implying that both are indifferent between strategies under the same
parameter constellation. The same logic applies to all remaining borders as well. The relative
wage adjusts for productivity differences within a regime. But productivity differences change
discretely between regimes, incentivizing exporters from the less productive country to switch
earlier to a strategy where productivity differences are diminished. Consequently, in absence
of productivity differences, borders between symmetric regimes are knife-edge and asymmetric

regimes are inexistent.

Figure 4: Partial trade regimes with per-unit trade costs (P% = PF)
q

1

A3
A2

Al

After checking all possible deviations by both type of exporters in all regimes it follows that: (i)

the subset of the parameter space where exporters are indifferent between a separating strategy

(S) and a high quality pooling strategy (Al) is given by ¢ = GJ;“;P, (ii) the subset of the

parameter space where exporters are indifferent between a separating strategy (S) and a low

F4aPR
F+pPER>

quality pooling strategy (A3 & A4) is given by ¢ = (iii) the subset of the parameter space

where exporters are indifferent between a high quality pooling strategy (A1) and a low quality

F+G+a(PR+PP)

pooling strategy (A3 & A4) is given by q = PR PP

Figure 4 provides a graphical
illustration of the partial trade regimes when both countries share the same population size.
Notice that in absence of productivity differences, the borders do not depend on the amount of

the per-unit trade costs since, in contrast to iceberg trade costs, exporters cannot save trade costs
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by undertaking a process innovation and producing the low quality. What remains unchanged

is the intuition of the borders with respect to the cost parameters F', G and a.

5.2 Welfare effects of a trade liberalization

The specification of trade costs becomes particularly crucial when exploring how bilateral trade
liberalizations affect welfare. In their partial trade model which is equivalent to an arbitrage
regime with a single quality (Al & A3), Follmi et al. (2013) model a trade liberalization as a
reduction in iceberg transportation costs 7 and find that in an arbitrage regime the poor country
is harmed by a trade liberalization, while the rich country profits. Indeed, it easy to show that
this result holds in all arbitrage regimes if trade costs are of iceberg type. However, in a per-unit
cost specification it turns out that in an arbitrage regime, the poor country profits (loses) from
a trade liberalization if it is larger (smaller) than the rich country, i.e. U /ot < 0 if P > PR
and vice versa, while the rich country always profits.

What is the intuition behind this result? First, notice that higher trade costs must decrease
the total variety of goods available because production now requires more resources. Second,
higher trade costs imply a less tight arbitrage constraint motivating country-R firms to engage
in trade. Due to these two effects it must follow that rich households which always consume all
available varieties must benefit from a trade liberalization, while poor countries may or may not
benefit since they consume only the subset of varieties that are traded internationally. Welfare
in the poor country is given by either UY = NE + N¥ in A1, or UP = ¢(NF + NP) in A2 &
A3. The variety of goods produced in the poor country, N¥ must decrease after an increase of
trade costs because it is determined solely by the poor country’s resource constraint that must
be binding in equilibrium. Consequently, the poor country is harmed by a trade liberalization if
the increase in domestically produced goods is overcompensated by the reduction of imported
varieties from the rich country. This is what always happens if trade costs are of iceberg type.
But if trade costs are per-unit, the arbitrage constraint is much less weakened if trade costs
increase compared to iceberg costs. Imagine a situation where the poor country is very large
and the rich country is small. Then an increase in trade costs generate relatively small additional
revenues in the small rich market compared to the additional costs that have to be compensated.
Consequently, the poor country tends to benefit more (or lose less) from a trade liberalization
the larger it is. In the special case of a pure per-unit cost specification, the poor country benefits
from a trade liberalization if its population size is bigger than in the rich country.

What about the separating regime? If trade costs are of iceberg type, the effect of a trade

liberalization on welfare in the poor country becomes ambiguous. The poor country profits if
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the population size is sufficiently large, i.e. if

P P whp”
P">—[1-a)P" = (F+G)———%-
a(l—q)py

I have shown before that in the separating regime, more country-R firms export since the
separating strategy weakens the arbitrage constraint. If trade costs are further increased, enough
additional country-R firms export their good to the poor country to compensate the decline of
NPT only if the rich country is sufficiently big compared to the poor country. Otherwise, the cost
effect dominates and the poor country profits from a trade liberalization. If trade costs are per-

unit, instead, the result happens to be the same as in the arbitrage regimes. The poor country

benefits from a trade liberalization if its population size is bigger than in the rich country.

6 Conclusions

In my Master thesis, I study a model of international trade in which quality differentiation can be
generated primarily by demand forces. When per-capita income differences of trading partners
are significant, quality differentiation enables exporters to skim more of the rich’s consumer
surplus arising out of a threat of parallel trade. If exporters sell the high quality to the rich
and the low quality to the poor, arbitrageurs still enter the market if prices in the rich country
are high. But they can only offer a lower quality version (imported from the poor country) for
which the rich’s willingness to pay is lower. Hence, exporters can charge a higher price in the
rich country than a price which is equal to the willingness to pay of the poor plus trade costs.

In my model the ability to supply a vertically differentiated goods stems from a firm’s in-
vestment in process innovation. This is different from other models where quality differentiation
does not afford an additional investment. I show that a separating regime in which exporters
make use of quality differentiation only prevails under certain conditions. If the cost of the
investment or the quality loss is too high relative to the potential productivity gains, firms are
not expected to undertake a process innovation and only sell the high quality. To the contrary,
if productivity gains of a process innovations are substantial, firms are expected to sell all goods
in low quality. The separating regime is likely to prevail if costs of a product innovation are high
compared to the costs of a process innovation and the market size of the rich country is relatively
small compared to the poor market. In such a situation, differences in the willingnesses to pay
are going to be high in equilibrium, making quality differentiation particularly attractive.

I pointed out the crucial role of trade costs. First, if trading goods is costly, it may hap-
pen that rich- and poor-country exporters disagree on the optimal marketing strategy due to

productivity differences. I show that even in this case the model stays tractable and that closed-
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form solutions exist. This becomes potentially interesting when comparative advantages are
integrated into the model. Second, the specification of trade costs matters for the discussion
of welfare effects of trade liberalizations. I show that in a separating regime, the rich country
profits from a trade liberalization while the effect is generally ambiguous for the poor country. If
trade costs are of iceberg type, the poor country is less likely to profit from a trade liberalization
than under per-unit trade costs.

The separating regime accurately predicts some observed patterns of imports. Namely,
rich countries import goods of higher quality than poor countries, on average. Unfortunately,
exactly the opposite holds true for export patterns. The model predicts that rich countries
export lower qualities than poor countries, which is clearly rejected empirically. This is not
surprising, because it is assumed that even countries with huge differences in per-capita income
have access to the same technology. For this reason, one should rather test whether the quality
of exported relative to domestically sold goods within varieties is positively related to the export
destination’s per-capita income.

A synthesis of a demand- and supply-related trade model explaining the observed patterns
of the extensive and the quality margin could be as follows. Motivated by Schott’s evidence,
rich countries have a comparative advantage in producing high quality goods because they are
endowed with higher skilled workers. Newly invented goods of a rich country are therefore of
higher quality than those of a poor country. When rich-country firms consider to export to a poor
destination, they are incentivized to vertically differentiate their good via quality downgrading,
i.e. process innovation. On the contrary, poor-country firms considering to export to a rich
destination are incentivized to vertically differentiate their good via quality upgrading. Such
a model would accurately predict that two rich countries trade higher qualities than two poor

countries, a fact that cannot be explained with the model presented in this analysis.
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Appendix A: Proof of Lemma 3

(a) An exporter selling the high quality to the rich country and the low quality to the poor
country faces the following profit maximization problem:

max [PR(p¥ —-1)+ PP(pP — Ta)] ,

pk pP

s.t. (1) pff < 1/Ag, (i) p© < q/Ap,
(iii) 1/Ar —p? > q/ g — ", and (iv) ¢/Ap —p* > 1/Ap — Tp?.

The constraints are based on the first-order conditions of the households (1). Constraints (i)
and (ii) ensure that the households purchase the goods (typically referred to as rationality or
participation constraints). (iii) and (iv) ensure that rich households prefer to buy the high
quality instead of the low, and that poor households prefer to buy the low quality instead of the
high (incentive-compatibility or self-selection constraints)3!.

Assume that the income cap between a rich and a poor household is sufficiently large. In
particular, assume 1/Agr > 7/Ap. Constraint (iii) and 1/Ag > 7/Ap imply 1/Ag — p& >
q/Ar — ™ > q/Ap — p¥. Consequently, if constraint (ii) were inactive, so would be (i).
But then the firm could increase both prices by the same amount without violating (iii) and
(iv). Hence constraint (ii) must be active, 1/Ag — p% > ¢/Ar — 70" > q/Ap — p&’ = 0,
which implies that constraint (iii) must be active, too. Otherwise the firm could increase the
price of the high quality without violating constraints (iii) and (i). If constraint (iii) is active,
1/Ar — pB = q/Ar — 7p¥ > q/Ap — p¥ = 0, constraint (i) cannot be active. From rewriting
constraint (iv) as 7pf — pP’ > 1/Ap — ¢/Ap and using p¥ — 7p¥’ = 1/Ag — ¢/Ag from constraint
(i), it follows that 7pf — p¥’ > pf — 7p¥ = 1/Ar — q¢/Ar > 1/Ap — q/Ap, proving that
constraint (iv) is not active as well. Hence constraints (ii) and (iii) are active and a separating
exporter optimally sets prices pI” = ¢/Ap and pf = 7¢/AF + (1 — q)/Ag. In a situation where
T7/Ap > 1/Ar > 1/Ap, it is straightforward that to verify that only the participation constraints
are active implying that exporters can exploit the full willingness to pay in both countries (full
trade equilibrium).

(b) Assume to the contrary that only a fraction v of consumers purchases the product at

price p(j) = ¢/AF. As in Lemma 1, this cannot be an equilibrium, as the firm would lower

pP(4) and p’i(j) slightly and gain the whole market in the poor country.

31Notice that the price of the second best alternative has to be multiplied with the trade costs, since the good
has to be imported. Apart from that, the proof is inherited from the monopolistic screening literature (Tirole,

1988).
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Appendix B: Proof of Proposition 2

(a)3? Assume the prevailing regime to be S with equilibrium prices

R:i:FjLPR. P:i:q(F+PR)+G+TaPP
PN=XE = Tpr P TP 7PE | pP

;o =77 + (1 - q)pR,

_ F+G+PE47aPP
and wage Wh,| = fiG phypP-

strategy if 7(1/AD)PE + (1/AP)PP — (F 4 PR +7PF) > 0, i.e. if the deviation yields a positive

A country-R exporter wants to deviate to a high quality pooling

profit33. Plugging in 1/AY = (1/¢)p” and solving for ¢ yields

G+raPt 4
q< ——pp 4
A country-P exporter wants to deviate if 7(1/AF)PE + (1/AP)PP — wy, ((F + PR + PP) > 0.
Plugging in 1/AF = (1/¢)p”" and wp,; and solving for ¢ yields

G+ (+(r—D0)aP” _ o 0_F+G£TI;+(1+T)PR
1 +a(r—noypr W " F+G+PRtraP?

Because qf) > q{z, all exporters prefer the separating strategy to the high quality pooling strategy
as long as ¢ > qf.

A country-R exporter wants to deviate to a low quality pooling strategy if 7(q/\7)PF +
(¢/APYPP — (F + G+ a(PR 4+ 7PP)) > 0, or if

F+aP® L
Ft+pPR B

A country-P exporter wants to deviate if 7(g/A”) PR+ (q/A\P) PP —wy, )(F+G+a(rPE+PP)) > 0,

q>

or if
F+PR—wh7l(1—a)TPR . p
F+PR =4qy -

Because ¢f’ < ¢ff, all exporters prefer the separating strategy to the low quality pooling strate
2 2 g gy Y 9 gy

q>

as long as ¢ < qf.
A country-R exclusive producer deviates to selling the low quality if (¢/A®)PR — (F + G +
PEa) > 0. Using ¢/ \t = qpﬁ and solving for ¢ yields

F+G+aP? 4
F+pE 1

But since ¢F > qf > qf , exclusive producers never want deviate to the low quality as long as
exporters stick to the separating strategy. Hence, the borders of the separating equilibrium are

determined by ¢’ > ¢ > ¢f.

32Calculations on pages 40-43.
33A “high quality pooling” strategy is a strategy where exporters sell their good in high quality worldwide.

In practice, such a deviation would not be possible with the same good since process innovation costs G are
irreversible. However, if the above condition is satisfied, agents could simply sell the old firm and invent a new

good where no process innovation is undertaken.

34



(b) Assume the prevailing regime to be A1l with equilibrium prices

1 F+PR 5, 1 F+PR4sPP P

F_Tap _)\p_ TPR+PP s P =TP

PR =

F+PEyrpP
F4+rPR4+PP*

and wage wy, =
A country-R exporter wants to deviate to a low quality pooling strategy if 7(q/\7)PF +
(¢/APYPP — (F + G + a(PR 4+ 7PF)) > 0, or if

F+G+a(PR+7PP) 4

F+PEtrPP B

A country-P exporter wants to deviate if 7(q/ A7) PR+ (q/\P)PF —wy (F+GHa(r PR+ PP)) > 0,

or if
F+G+a(rPE+ PPy

FtrPRypP B

It is straightforward to see that q§ > qf if PE > PP and vice versa.

A country-R exporter wants to deviate to a separating strategy if (7(q/A)+(1—q)/ ) Pl +
(¢/\P)PP — (F + G + PR+ 1aP?) > 0, or if

G + TaP?f R
q> ——pp 4
A country-P exporter wants to deviate if (7(g/A\F) + (1 — q)/AF)PE + (¢/AV)PP — wp(F + G +
7PR 4+ aPP) >0, or if

G+ (a+(r—1)9)PF
(14 (1 —1)¢)PF

F+ P4 PR
F+ PR PP’

= qf,, where ¢ =

Because ¢f' < qf, , all exporters prefer the high quality pooling strategy to the separating strategy
as long as q < q{%. Exclusive producers never want to deviate to the low quality before exporters
(¢F > ¢f* and ¢F > {¢f*, ¢¥’}). Consequently, the borders of the arbitrage regime A1l are: ¢ < ¢f*
and ¢ < ¢ft if PR < PP; and ¢ < ¢ff and q < ¢f if PR > PP 34,

(c¢) Assume the prevailing regime to be A2 with equilibrium prices

R 1 F+P" , ¢ F+GtaPi+7P") ,
pN_)\R_ PR » D _>\p_ TPR—l-PP y P =TP

F+G+a(PR4+rPP)
F+G+a(rPE+PP)"

and wage w; =
A country-R exporter wants to deviate to a high quality pooling strategy if 7(1/\F)Pf 4
(1/APYPP — (F + PR+ 7PF) > 0, or if ¢ < ¢f. A country-P exporter wants to deviate if
T(1/APYPE + (1/AP)PY — wy(F +7PE + PP) > 0, or if ¢ < ¢F.
A country-R exporter wants to deviate to a separating strategy if (7(q/A")+(1—q)/ )P4
(¢/AP)PY — (F + G + P + raP?) > 0, or if

F +aPR R
F + PR

3For PR = PP g < ¢ft = ¢f and q < .
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A country-P exporter wants to deviate if (7(q/AF) + (1 — q)/AF) P + (¢/AP)PY —wi(F + G +
7PR +aPP) >0, or if
F+PE— (1 —a)rPF _ 0

F+ PR B

q >

Because q? > qg, , all exporters prefer the low quality pooling strategy to the separating strategy
as long as ¢ > qf. It follows that the borders of regime A2 are given by: ¢ < ¢, ¢ > qf, and
q>q§ifPR2PP; andq<qE,q>q§,andq>q§ifPR§PP35.

(d) Assume the prevailing regime to be A3. with equilibrium prices

g F+G+aP? , ¢ F+G+a(PP4+7PP) P

R S
)TR_T’p P PR 1 pP y P =TP

pR =

F+G+a(PE+7PP)
F+G+a(rPE+PFP)"

quality if (1/AR)PE — (F + PR) > 0. Using 1/A% = (1/¢)p% and solving for ¢ yields

and wage w; = A country-R exclusive producer deviates to selling the high

F+G+aP? 4

< = .
4 F + PR 4

By (a), (b) and (c), it follows that the border of regime A3 is ¢ > ¢”.

Appendix C: Proof of Proposition 3
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Assume® a regime where country-P producers set prices pIP; = 1/AF and p% p=1/ AP (high

quality pooling), and country-R producers set ph, = ¢/AF and p% r = Tq/AT + (1 — q)/\E

(separating). I have ph; = gph and, together with the zero-profit conditions and p& = 1/\f =

q(F+PE)+G+raP? _ q(F+P®)+G+raP?

F+pPR P
R o(Fr-prypry - and pp = PR PP

P

, Lget w=

A country-R exporters deviates to a high quality pooling strategy if 7(1/ q)ngRjL (1/ q)pg —

[F + PR+ 7PE] > 0, or if ¢ < ¢ = G*#@%PP. A country-P exporter deviates to a sepa-

rating strategy if (rph + (1 — q)p¥)PE + ph PP — w[F + G + 7PE + aP?] > 0, or if ¢ >
P G+(1+(1—1)8)aPP

U = Tta(—D8)PP A country-P exporter deviates to a low quality pooling strategy if
R P
Tph PR 4+ pL PP —w[F + G+ a(rPR+ PP)] > 0,0rif ¢ > ¢ = F+§ifg§+;f ),

Now, assume a regime where country-P producers set prices pg =gq/ AP and p% p = T7q/ AP
(low quality pooling), and country-R producers set ph, = ¢/AF" and pf , = 7¢/A" + (1 — q) /A1

(separating). I have pg = pﬁ and, together with the zero-profit conditions and pﬁ = 1/\R =

¢(F+PEB)+G+raP? _ q(F+P®)+G+7aP?

F4pPR P
F+G+a(rPE+PP) and pp = TPRELPP

PR

, Lget w=

A country-R exporters deviates to a low quality pooling strategy if TpEPR + ngP —

[F 4+ G + a(Pf + 7P®)] > 0, or if ¢ > ¢ff = };era;f. A country-P exporter deviates to

PFor P = P”; g < ¢”, q> g, and ¢ > g5’ = g5 .
36Calculations on pages 44-46.
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a separating strategy if (tph + (1 — ¢)pR)PR + phPY — w[F + G + 7PR + aPP] > 0, or if
F+PR7whl(1 a)T PR

q < q PR . A country-P exporter deviates to a high quality pooling strategy
. : F+G+a(rPE4+PP
if 7(1/q)p PR—i—(l/q)pPPP W[F+7PR+ PP >0,0rifg< ¢ = +FI7C_LI(DR+;P ),

Now, assume a regime where country-P producers set prices ph = ¢/Af and pﬁ p = 1q/\F
(low quality pooling), and country-R producers set pk = 1/A” and pTR7 r = 71/AP (high quality

pooling). I have pg = plli /q and, together with the zero-profit conditions and pjl\%, = 1/AR =

q(F+PR41pPP)
F+G+a(rPE+PP

F+P F+PEyrpP

TPR4 PP

, L get w=

) and pR

A country-R exporters deviates to a low quality pooling strategy if quRPR + gpk w— [F+

F+G+a(PE4+7PR)
F+PRyrpP

G+ a(PE + 7PR)] > 0, or if ¢ > ¢ff = A country-R exporter deviates to

a separating strategy if (rgph + (1 — q)pR)PR + gph PP — [F + G + PR + 7aP?] > 0, or

if g > q{% = GJ;TT‘IPPP. A country-P exporter deviates to a high quality pooling strategy if
R P
ph PR 4+ pL PP — w[F +7PR 4+ PP > 0,0rifg< ¢l = F+§iﬁg§+;§ )

Finally, assume a regime where country-P producers set prices pg =1/ AP and pﬁ p =711/ AP

(high quality pooling), and country-R producers set p& = ¢/\ and p% r=T1q/AT (low quality

pooling). I have p& = gph and, together with the zero-profit conditions and p&§ = 1/Af = F;iﬁR,
_ F+G+a(PR4rPP) F+G+a(PE+7PP)

q(F+TPE+PP) TPR4 PP

I get w and pR =

A country- R exporters deviates to a high quality pooling strategy if T(l/q)ngR+(1/q)ngP—

F+G+a(PE4+7PR)
F+PEy7PP

to a separating strategy if (Tpg + (1 — q)p¥)PE + pRPP [F + G + PR + 7aP") > 0, or

[F + PR+ 7PF] > 0, orif ¢ < qé{ = A country-R exporter deviates

if ¢ < qé% = I;;:“;: . A country-P exporter deviates to a low quality pooling strategy if
R P
pE PR+ pL PP —w[F + G+ a(rPR+ PP)] > 0,0rif ¢ > ¢ = F+§:fg§+;f )

By the above critical values for ¢ and Proposition 2, it follows directly that a country-R

exporter adopt: (a) a high quality pooling strategy for ¢ < ¢ft = Gt}‘ﬁf © and q < ¢t =
F+G+a(PR+rPE . . R
F+;'(R+TPTP ); (b) a low quality pooling strategy for ¢ > g5 = I;,t‘fR and ¢ > ¢l =
F+G+a(PR4rPE R
F+;’(R+TPTP ). (c) a separating strategy for ¢ > ¢ff = GJ“%FF and ¢ < ¢l = P;?J;“;R :

G+(1+(1—1)8)aP?
(14a(r—1)8)PF
F+PE—w), (1—a)TPE

A country-P exporter adopt: (a) a high quality pooling strategy for ¢ < q1 =

R P
and ¢ < ¢}’ = F+§ifg§+;§ ); (b) alow quality pooling strategy for ¢ > ¢’ = FPF
F+G PRy pP . G+(1+(r=1)6)aP?
and ¢ > ¢4 = +F:f1(373+1jp ); (c) a separating strategy for ¢ > zrl(Jr:((TT—l))e))}gP and ¢ < ¢’ =
F+PR—wy, (1—a)TPF
F+PR :
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Appendix D: Proof of Proposition 5

An exporter selling the low quality to the rich country and the high quality to the poor country
faces the following profit maximization problem:

max [P (pff —a) + PP (p" —7)],

pgp?
st (1) pff < g/Ag, (i) PP < 1/2p,
(iil) ¢/Ar — p% > 1/Ar — 7pF, and (iv) 1/Ap — p¥ > q/Ap — pE.
Assume that constraints (ii) and (iii) are binding, while (i) and (iv) are not. I have p” = 1/Ap
and p& = 7/Ap — (1 — q)/Ar. Constraint (i) is inactive if ¢/Ag > 7/Ap — (1 — q)/Ag, or if

%—ii > 7, which holds by the full trade condition. Constraint (iv) is inactive if ¢/A\p — Tp? <0,
aq

of if % < Tliq. Conversely, if

1/)\R T—g

> ;
1/Ap 1—q

constraint (iv) becomes active and constraint (ii) cannot simultaneously be active.

Appendix E: Proof of Proposition 6

In a partial trade regime where g3, is sold globally (A1) I have p? = (F+ PR +7PF)/(r PR+ PF).
Country-R firms export as long as the margin of traded goods is positive: p” > 7, or (F + PE +
7PP)/(rPE+ PP) > 7. Solving the latter equation for 7 yields the trade condition. If the trade
condition holds for country-R firms, it also holds for country-P firms, since p¥ = 1pf > wyr
and wy, < 7. Under full trade I have p? = w, LY (F + PE + 7P?)/(LEPE 4+ w, LPPP) > 7 or
(wp LY JLF)(F/PE + 1) > 7. But since full trade occurs w, LY /L% > 1/, the trade condition
follows.

In a partial trade regime where g, is sold to the rich and ¢; to the poor (S), p? = (¢(F +
PRy + G + 1aP?)/(rPE + PP). Country-R firms export as long as the margin of traded
goods is positive: pr’ > Ta, or (¢(F + P®) + G + 7aP?)/(7P® + PP) > 7a. Solving the

latter equation for 7 yields 77, = V(¢F + G)/aPE + q/a. Tt is straightforward to verify that
T < T;;J. If the trade condition holds for country-R firms, it also holds for country-P firms,
since pit = 7pF + (1 — ¢)p% > wp 7 and wy, < 7. Under full trade, p? = wp, LY (F + G + PE +
TaPP)/(LRPE + w, LY PY) > 7a or (wp LY /LE)(F + G)/PE + 1) > ta. By (3), full trade
occurs if wy, LY /L > q/7. Even if (3) would hold with equality, the trade condition is satisfied
because p < \/q((F + G)/aPR 4 1) > 7*.

Finally, in a partial trade regime where exporters sell ¢; globally (A2 & A3) I have pP = (F +
G +a(PR+1PP)) /(1P 4 PF). Country-R firms export as long as the margin of traded goods
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is positive: p > 7a, or (F + G + a(P +7PF)) /(7P 4+ PP) > 7a. Solving the latter equation

for 7 yields 7* = \/(F + G)/aPE + 1. Since 7 < 7/, the trade conditions holds. If the trade
condition holds for country-R firms, it also holds for country-P firms, since p? = 7pf > wira
and w; < 7. Under full trade, p? = w; LY (F + G + a(P? + 7aP?)) /(L P 4+ w, LY PP) > 7a or
(w LY /L) ((F 4+ G)/P® + 1) > ta. Since full trade only occurs if w; LY /L% > 1/7, the trade

condition follows.
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Calculations

Separating Equilibrium (3.2) Prices.

R F+ PR
PN = Tpr
pi = "+ (1N
pRPE L pP PP = F4 PR 4G+ 71aP?
F + PR
(Tplp+(1—q)PR)PR+plPPP = F+PE+G+7aPP
p _ qF+PRY+G+raP?
pe= 7PR 4 PP
q(F + PE) + G + raP? F 4+ PR
p? = T( ]){ P +(1_Q) R
TPH + P P
T+ (1— ) Ex| (F+PR)+7(G+raPP)
- PR+ PP

Proof of Proposition 2. (a) Separating regime S: A country-R exporter deviates to a high

quality pooling strategy if

7(1/q)p" P+ (1/q)p" PP — (F + PR+ 7PP) >0
p (PR 4+ PPy — ¢(F + PR+ 7PP) > 0

q(F + P®) + G+ raPP — q(F + PR +7PF) > 0
G + taP? R
< — =

q 7_Pp qr -

A country-P exporter deviates to a high quality pooling strategy if

(1/q)p" PR + (1/q)p" PY — wy (F + 7PE + PP) > 0

(

q(F + P®Y + G+ raP? — qup (F + 7P+ PPy >0
(

(

(g—1)(F+ P+ F4+ PR+ G+ 71aPP — qup(F+7PR+ PP)y >0

)
)
)
1
(q—1)(F+PR)w—+F+TPR+G+aPP—qF+TPR+PP)>0
h,l
1
(1—¢q) |F+7PR—(F+P®—| +G+aP’ —qP" >0
Wh,l
(1 —1)aPPF + (1 — 1)GPE + (12 — 1)aP?P PR
F+4 G+ PR+ raP?

R
F+Gitp + (14 7)PR
F+ G+ PR+ raPP

R
G+(1+(T—1)9)QPP:qP WhereezFJrGa%HHr)PR
14 a(r —1)90)PP Lo F + G+ PR 4 raPP
( ( )

+ G+ aPf —¢PP >0

(1-q)

(1—q)a(r —1)P? +G+aPP —qPP >0
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Show that ¢f” > ¢ft:

G+ (14 (r—1)0)aP? G + raP?
(1+a(r—1)0)PP TPP

Gir—1—a(r—1)0) > 7aPP(1+a(r—-1)0—-1—(r—1)0)
G(l1—af) > —7aPP(1-a)b
G > 6a(G - (1—-a)TPP),

which tivially holds, because G < (1 — a)7P? for ¢ff < 1.

A country-R exporter deviates to a low quality pooling strategy if
" PR 4 pP PP — (F + G+ a(PR +7P")) >0
pP(rPE 4+ PPy — (F+ G+ a(PE +7PFP)) >0

q¢(F +P® + G+ raPf — (F+ G+ a(PE+7PP)) >0
F+aPR

1> o pr

A country-P exporter deviates to a low quality pooling strategy if
pP PR pP PP — wp ((F + G + a(rPR + PP)) > 0
q(F + PRy + G+ raP? —wy ) (F+G+a(rPE+ PP)) >0
(g—V)(F+ PB4+ F+ PR+ G+7aPP —wp ) (F+G+a(rPR+PP)) >0

(q—1)(F + PR)L +(1—a)TPE >0

Wh,l
F—I—PR—th(l—a)TPR . p
q> F+PR =4y .

Show that q§ > qf:
F +aPt . P PR —wp (1 —a)rPt
F+ PR~ F + PR
PR(wh,lT -1) > aPR(wh,lT -1)

which holds, since wy; € (771, 7).

A country-R exclusive producer deviates to selling the low quality if
gpN PR — (F + G+ aP%) >0

¢(F+ Py — (F+G+aP?) >0
F+G+aP?
F+pE

(b) Arbitrage regime A1l: A country-R exporter deviates to a low quality pooling strategy if
rqpt P+ qp PP — (F + G + a(PR 4+ 7PF)) > 0

q(F 4+ PR+ 7Py — (F+ G+ a(PR+7PF)) >0
F+G+aPi+rPP) 4
F+PRy.pP B
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A country-P exporter deviates to a low quality pooling strategy if

rqpt P+ qpP’ PP — w,(F 4+ G + a(rPE + PT)) >0

q(F+7PR+ PP) — (F+G+a(rP+ PP)) >0
F+G+a(rPE+PP)
F+rPRypP B

A country-R exporter deviates to a separating strategy if

(rqp” + (1 — @)pR)PE + g PP — (F + G + PR + 7aPF) > 0
qpt (TPE + PP) + (1 — ¢)pR PR — (F + G + PR + 7aP?) > 0

qF+ PR+ 7P?)+ (1 —q)(F+PR) — (F+G+ PR+ 1aP") >0
S G + TaP? R

q PP =4y -

A country-P exporter deviates to a separating strategy if

(rgp"” + (1 = @)pR) P + qp" P” —wp(F + G+ 7P +aP") > 0

g(F + PR+ 7PP) + (1 — )(F + PR) — wy(F + G + 7PF + aPT) > 0
1

(1—q) |(F+PR)— — (F +7P®)| =G +¢P" —aP" >0
h

(r—1F + (- 1P~

P P P
—(1—-¢q)P T+ PRy, PP —G+¢qP" —aP" >0
F+ (14 7)PE
—(1—q)(r—1)PPF+PR+7_PP — G+ qP? —aP? >0
—1)¢)P? F+ PRy rpPR
Gtlat(r—1)9) :q{?,whereqﬁz + T .
(1+(r—1)p)PF F+ PR 4 7PP

Show that qf, > qft:

G+ (a+(r—1)¢)PF - G + TaP?
(1+(r—1)¢)PP - TPP
G(r —1) +7aP?f +7(r = 1)oPY > G(r—1)¢ + raP? + 1a(r — 1)pP?

G

Vv

(G~ (1 -a)7P")¢

which tivially holds, because G < (1 — a)7P? for ¢ff < 1.

(c) Arbitrage regime A2: A country-R exporter deviates to a high quality pooling strategy if

(1/q)p" PR+ (1/q)p" P’ — (F + PR+ 7P") >0

F+G+a(PR+7PP)—q(F+PR+7P")>0
F+G+a(PE+7PP) 4

F+PEt-PP B
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A country-P exporter deviates to a low quality pooling strategy if

7(1/q)p" PR + (1/q)p" PP — w(F + PR+ PP) >0

F+G+a(rPF+PP)—qF+7PF+PP)>0
F+G+a(rPE+PP)
FirpRypp  ~ B

A country-R exporter deviates to a separating strategy if

(Tpp—l—(l—q)pﬁ,)PR—l—pPPP—(F+G+PR+TaPP)>O
F+G+aPR4+1PP)y+ (1 —q)(F+ PR — (F+G+ PR+ 7aPP) >0

F+aP?

1= TF+pr — %

A country-P exporter deviates to a separating strategy if

(rp" + (1 — q)pR) PR+ p"' PP —wy(F + G+ 7PR + aP") > 0
F+G+aPf+1P")+(1—-q)(F+P") —w(F+G+7rP%+aP") >0
1
(1= q)(F+PH——(1-a)rP" >0
l

F+ PR —w(1—a)TPE

_ P
F+ PR - &

q <

Show that qé% > qéj,:

F +aP® F+ PR — (1 —a)TPR
>
F+ PR~ F+ PR
PR —1) aPf(wr —1)

V

which holds, since w; € (771, 7).

(d) Arbitrage regime A3: A country-R exclusive producer deviates to the high quality if

(1/q)pyP" = (F+ P%) >0

(F 4+ G+ aP®) —q(F+P%) >0
F+G+aP?
F+PER
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Proof of Proposition 3. Assume a regime where country-P exporters adopt a high quality
pooling strategy and country-R producer adopt a separating strategy: A country-R exporter

deviates to a high quality pooling strategy if

(1/q)pE PR + (1/q)pa Pt — (F + PR +7PFP) >0
ph(rPE 4+ PP) —q(F+ PR+ 7P") >0
q(F +P® + G+ raPf — q(F + PR +7PF) > 0

G + taP? R
Q<TZQ1-

A country-P exporter deviates to a separating strategy if

(rph + (1 — Q)pR)PE + ph PP —w(F + G + 7PF +aPP) > 0

¢(F+P® +G+71aPf + (1 - q)(F+PE) —w(F +G+1PE+aPP)>0

)
)
q(F + P*) + G + raP” )
)

(F+G+7PF+aPP)>0

F+G+ PR PP —
Ter AT q(F + PR + PP)

quni(F + PR+ Py — (¢(F + P®) + G + 7aP?) > 0
(see the following steps in Proposition 2)

G+ (1+(r—10aP? herea_F+Gaf;’l+(1+T)PR
(L+a(r—no)pP I V= e G T PR o PP

A country-P exporter deviates to a low quality pooling strategy if

ph PR 4 pE PP — W(F + G + a(rPR 4+ PP)) > 0
ph(rPR + PP) —w(F 4+ G+ a(tPR + PP)) > 0

q(F + PR+ G+ raP? —w(F + G +a(rPE+ PP)) >0
F+G+a(rPE+ PPy

FrrPRypr B

Assume a regime where country-P exporters adopt a low quality pooling strategy and country-R
producer adopt a separating strategy: A country-R exporter deviates to a low quality pooling

strategy if

R PR 4+ pE PP — (F + G + a(PR + 7PR)) > 0

¢(F+P® +G+71aP” — (F+G+a(PR+7PR) >0
F+aP®

> 70 = .
Fypr %
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A country-P exporter deviates to a separating strategy if

(rph + (1 — @)pR)PR + pE PP — w(F + G + PR + aPP) > 0

¢(F+ PR+ G+ r1aP" + (1 —q)(F + PR) —w(F+G+7PE+aP?) >0

)

)
q(F + P®) + G + raP” )50

)

F+G+ PR 4 raPt - (F+ G +71PF +aP?

F+ G+ a(rPR + PP)
wpi(F + G+ a(rPR + PP)) — (¢(F + PR + G +7aP?) > 0

(see the following steps in Proposition 2)

F+ PE—wp,(1—a)rPt P

q< F—l—PR =43 -

A country-P exporter deviates to a high quality pooling strategy if

7(1/Q)pRP" + (1/q)ph PT — w(F + 7P® + PP) > 0

q(F 4+ PR+ G 4 raPf — qu(F + PR + PP) > 0
F+G+a(rPR+PP)

Fi-PELpp  ~ B

Assume a regime where country-P exporters adopt a low quality pooling strategy and country-R
producer adopt a high quality pooling strategy: A country-R exporter deviates to a low quality

pooling strategy if

TqpR P + g PY — (F + G + a(PR + 7PR)) > 0

g(F+PR4+7PP)— (F+G+a(PE+7PR) >0
F+G+a(P?P+7P") 4

F+PEtrpP  — B

A country-R exporter deviates to a separating strategy if

(P + (1 — Q)pR) PR + ph P’ — (F + G + PR+ 7aP?) > 0

F+PR4 PP+ (1—q)(F+P®—(F+G+Prl+7raP?)>0
- G + TaP?f R

q TPP qi -

A country-P exporter deviates to a high quality pooling strategy if

mprP" + ppPY —w(F +7P%+ PP) >0

F+4+ Pl rPP —w(F+7PE+ PPY>0

F + PR 4 7PP)
Fiyphyrpr_ 4 F+7PR 4+ PP)y>0
+ P+ F—I—G—i—a(TPR—I—PP)( + 7P+ P7)
F+G+a(rPR+PP)y
F+rPE+pP B
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Assume a regime where country-P exporters adopt a high quality pooling strategy and country-
R producer adopt a low quality pooling strategy: A country-R exporter deviates to a high quality

pooling strategy if

(1/q)pE PR + (1/q)ph Pt — (F + PR +7PFP) >0

F+G+a(PRP+ PPy —qF +PE+7PP)>0
F+G+a(PR+rPP) 4

F+PREyrpP B

A country-R exporter deviates to a separating strategy if

(rph + (1 — Q)pR) PR+ phP” — (F+ G + PR 4 7aP?) > 0

F+G+aPP+7PPy+ (1 —¢q)(F+ P —(F+G+ PRt 1aP?) >0
F+aP?

1= Fyrpr T

A country-P exporter deviates to a low quality pooling strategy if

pR PR+ ph P — w(F + G + a(rPF + PT)) > 0

F+ PR+ G+r1aPt —w(F+G+a(rPt+ PP) >0
F+G+a(rPR+PP)
F+rPE+pP B

Per-unit trade costs (5.1).

Prices. Arbitrage regime A1l:

pRPE+p" PP — (F4+ PR+ (1+t)PT)=0
(p" + )P+ p’ PP — (F+ PR+ (1 +t)PP)=0

pP (PR 4+ PPy — (F+ PR+ PP +1(PP — PR) =0
p  F+ PR+ PP (PP — PR
P= PR+ PP
pi=p"+t
r_ F+1+t)(PR+PP)+ (PP — PR)
T PR 4 pP

p

r F+PE
PN = "pr
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Arbitrage regime A2:
pRPE 4 p" PP — (F+ G+ aPR+ (a+t)PP) =0
(pf + ) PR+ pP PP — (F+ G+ aPR+ (a+t)PP) =0

p" (PR + PPy — (F + a(PR+ PY) +t(PT — PR)) =0
F + G+ a(PE + PP) + t(PY — PE)

P _
b= PR+ PP
pi=p" +t
r_ F+G+ (a+t)(PE+ PP)+(PF - PE)
r F+PE
pN: PR
Arbitrage regime A3:
p  F+G+a(Pi+PP)+¢(PF - PF)
B PE 4 pP
pi =p" +t
r_ F+G+ (a+t)(PR+ PP+ (P — PR
r F+G+aPR
PN="pr

Separating regime S:

0

pRPE+pP PP — (F+ G+ PR+ (a+1t)PP)

(pF +t+ (1 — QpR)PR+pP PP —(F+ G+ PR+ (a+t)PP) =0

PP PR+ PP+ (1—q)(F+ PR — (F+G+PF+aPP + (PP — PR)) =0
g(F + P?) + G + aP” + 1(P" — PR)

P _
p = PR+PP
R =p" +t+ (1 - q)pX
r F+PE

Varieties. Arbitrage regime Al:

PPLY = NP(F+ (1 +t)PE+PP)=0
NP pPPLP L IP PP
T F+(Q+0PErPP " FUPRI(144)PP
Nip" P = NTpiip"
P R
t\ P
NE = NP <p - >

t
1+P>

p
) P

NE = w,L”
T = Wh F+PR+ +tPP<

PRLE = NN(F+PR)—|—NT(F+PR + (14t
R pr R P t
NE = LR — L 1+—P




Arbitrage regime A2:

PPLY = NP(F 4+ G+ (a+t)PT +aPP)=0
PPLP PP
= = wlLP
F+G+(a+t)PE+aP? F+ G+ aP®+ (a+t)PP
NIEpPPP — NPp¥PR

P R
p+t\ P
NT_NP< > >
p
PR t
NE =LY -
T= F+G+aPR+(a+tPP< +pP>
PELE — NE(F + PR + NE(F + G+ aP" + (a +t)PP)
R pr R P t
Arbitrage regime A3:
PrP pP
NP = PL =w L’

F+ G+ aPR+ (a+t)PP

PR t
1+—

F+ G+ aP®+ (a+1t)PP

PRLE = NI(F + G + aP?) + NE(F + G + aP® + ) Py

+(a+
PR
Nf = LR —wLP (1+
N F+G+aPR[ “ < >]

F+G+(a+t)PE+aP?
NE = L?

Separating regime S:

PPLP = NP(F+ G+ (1+t)PE+aPF)=0
pPLP P pP
F+G+(1+t)PR+aPP:wh’lL F+G+ PR+ (a+1t)PP
NR PPP—NP RPR
P +t+(1—q)pN> PF

pP PP

P <1+t+(1—Q)pﬁ>
F+ PR+ (1+t)PP pP
PRELE = NE(F + PR+ NE(F + G+ P + (a +t)PP)

pE t 1—
NE=_~— [LR—wh,lLP <1+plgﬂ -1

NP =

NYE:NP<

NE = wp L

F + PR P

Borders of regimes. Separating regime S: Country-R exporter deviates to a high quality pooling
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strategy if

(" Jq+t) PR+ (")) PT —(F+ PR+ (1 +6)P") >0
pP (PR 4+ PPy 4 ¢tPR — gq(F+ PE+ (1 +t)PT) >0

q(F + PR+ G+ aP? +#(P” — PR) 4 ¢tP — q(F + PR+ (1 +t)P") > 0
G+aPl +t(PP - PR) 4
PP (PP — PRy -

Country-P exporter deviates to a high quality pooling strategy if

" Ja+t) P+ (" Jq) PT — wiy 1+ PR+ PPy >0

(F
q(F + PR+ G+ aP? +t(P” — PR) 4 ¢t P — qup (F
(F
(F

1+t)PR+ PPy >0

+ (1 +1) )
+(1+t)PE+ PPy >0
(- D)(F+QQ+)PRY+ F+ PR+ G+ (a+t)PY —qupy(F+ (1 +1) )
+(1+t)PE+ PPy >0

1
(q—1)(F+(1+t))w—+F+(1+t)PR+G+aPP q
h,l

1
(1—q)(F+ (1+t)PR) [1—w] +G+aP? —qP" >0
h,l
F+(1+t)PE
F+G+ PR+ (a+t)PP
_ G +aP? +t(PP — PR
7 PP 1 (PP — PR)g

(1—q)t(PY — PR + G+ aPf —qP? >0

F+(1+t)pPt
F+G+PE+ (a+t)PP

= g7, where § =

Clearly, ¢ft = ¢¥ for PP = PE.

Country-R exporter deviates to a low quality pooling strategy if

(p" +t)PR 4+ pP' PP — (F+ G+ aPR®+ (a +t)PT)) >0
pP (PR + PPy +tPR —(F+G+aP® + (a+t)P")) >0

q(F + P®) + G+ aP? +t(PY — PR) +tPR — (F+ G +aPt + (a +t)P")) >0
F+aPR® L

7 FrpR "

Country-P exporter deviates to a low quality pooling strategy if

(p" +t)PE 4+ pP" PP —wp ) (F + G + (a + t)PE +aP?) > 0

(

q(F + PRy + G+ aP? +t(P” — PR +tP® —wp ) (F+ G+ (a +t)PE +aP?) >0

(- D)(F+PH+F+PR+ G+ (a+t)PY —wpy(F+ G+ (a+t)PR+aPP) >0
)

(q—1)(F+ Pt w—+(1—a)PR>O
h,l

F+PE—w,,(1-a)P?

¢ F + PR phch

Clearly, qf = qg for P” = PR, because wp = L.
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Arbitrage regime Al: A country-R exporter deviates to a low quality pooling strategy if

(gp” + )P+ @p" PP — (F + G+ aP" + (a +tPF) > 0

q(F + PR+ PP 4 t(P?” — PR)) 4+ tPR — (F+ G+ aP® 4 (a+t)PP) >0
F+G+a(PR+PP)+t(PP—PR) 4
F+ PRy PP yPP—pR) B

A country-P exporter deviates to a low quality pooling strategy if

(qp” + ) PR + g PP —wp(F + G+ (a+ ) PR +aPF) > 0
q(F + PR 4+ PP 4 (PP — PR)) 4+ tP? — %(F+G+aPR+(a+t)PP) >0
h

>ﬁF+G+a(PR+PP)+t(PP—“;—?PR)
Wy F + PR 4 PP 4+ (PP — PR)

Clearly, ¢ g5 = q3 for PP = PR because wy, = w; = 1.

A country-R exporter deviates to a separating strategy if

(" +t+ (1 — qpR)PR+ pP' PP — (F+ G+ PR+ (a+t)PP) >0
pl (PR + PP) +tPR 4+ (1 — )pR PR —(F+ G+ PR+ (a+t)PP) >0

q(F+ PR+ PP 4 t(PP - PRY) 4+ tPR+ (1 —q)(F+P®) — (F+ G+ PE+(a+t)PP)>0
G+ aP? +t(P" — PR)
PP (PP —pRy X

A country-P exporter deviates to a separating strategy if

(gp” +t+ (1 — QpR)PE + gp" PP —wp(F+ G + (1 +t)PE +aPP) >0
g(F + PT 4+ (1 4+ 1)P") — gtP* +tP" + (1 - q)(F + P") —wp(F + G + (1 + )P + aP") > 0
qF+PRE+(1+)POY+ (1 -@)(F+ A +t)PE) —wp(F+G+ (1 +t)PE+aPP)>0

1
(1q)(F+(1+t)PR)[w1}+G+aPPqPP>O

h
F+ (1+t)pPt
F+PE+(1+t)PP
G+aP?P +t(P" - PR
PP (PP — PR)y 1"

—(1—)t(P? — PR ~G—aPP +¢P" >0

F+(1+t)PE
F+ PR+ (1+t)PP

q > where ¢ =

Clearly, ¢f = ql, for PP = PR,

Arbitrage regime A2: A country-R exporter deviates to a high quality pooling strategy if

(" /g + )P+ (T /) PY — (F+ PR+ (1+)P") >0

F+G+a(PR+PP)+t(P” — PRy + @tP? —g(F+ PR+ (1 +t)P") >0
F+G+a(PP+PP)+¢(PP—PF) 4
F+PE+ PP +¢(PP—pPR) B
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A country-P exporter deviates to a low quality pooling strategy if

(p"/a+ )P+ (p"/q)PT —wi(F + (1 + )P+ P") >0
F+G+a(PP+ PPy ++(P" — PRy 4 gtPR — ¢“L(F + PR+ (1+)P") > 0
Wh
w; F+ G+ a(PR+ PP) + (PP — PR
wp F+ PR+ PP +t(PP —t2PR)

P
= q3-

Clearly, qf = q?li for PP = PR because wy, = w; = 1.

A country-R exporter deviates to a separating strategy if

F +t+(1—qpR)PR 4 pPPP — (F+ G+ PR+ (a+t)PP) >0

F+G+aPP+PP)y+ (PP - PR +tPR+ (1 - q)(F+P*) — (F+G+Pi+(a+t)PF) >0
F+aP®

S TFypr T

A country-P exporter deviates to a separating strategy if

(" +t+ (1= pR)PE+p" PP —wy(F+ G+ (1 +t)PR+aPP) >0
F+G+a(PE 4+ PP) +t(PP — PRY 4 tPR + (1 — q)(F + PE) —w(F + G +tPE +aP?) >0

1
(1-q)(F+ PR)J ~(1-a)PE>0
l
F+ PR — (1 —a)PE
F+ PR

P
q< = (9.

Clearly, ¢ = ¢¥ for P = PE_ because w; = 1.

Arbitrage regime A3: A country-R exclusive producer deviates to the high quality if

(1/q)pNP" — (F+P%) >0

(F + G+ aP?) —q(F + P >0
F+G+aP?
F+pr 7

Welfare effects of a trade liberalization (5.2).
Iceberg trade costs: Assume the prevailing regime to be Al. Welfare in the poor country is given

by
PR 4 pP
F+ PR+ PP

Uf = NE+ NP =LF
Taking the first derivative with respect to 7 yields

oUp LY PRF -
or  (F+TPE4+ PPz~ ™

o1



Similarly, for regimes A2 or A3, the derivative is given by

oUp  qLPPR(F+G)

or ~ (F+G+ (rPE+ PP~ "

O(NE+NE+NF . .
Clearly, % BUR = % < 0 must holds since less resources are available when trade costs

increase.

In the separating regime, I have Up = q(N,fl + N,lfl).

o] o]
oup 0 [ prh,z] :qLPwh’l [aTth B anlP]

= 5 |4
87‘ 87‘ plP plP wh,l plP

1o}
. . . .. cp HWhi pF
The derivative is positive if GLT — 8; L =
, i

1 1
R —
LPR+PP F+G+TPR+PPCL:|
1 _ ! >0
q(F + PEY+ G+7PPa F+PR+G+7PPa] ~
PRI(F + PR+ G+ 7PPa)(q(F + PR+ G+ 7PFa)[(1 — a)P" — (F + G)]] -

—PPq

PPa[(rPR+ PPYF + G+ PR+ PPa)(1 - q)(F + PH)] >0

P P whp”
PP < —[(1—a)P” — (F + @) —2L__
a(l — q)py
If the population of the poor country is sufficiently large i.e. P¥ > P; the poor country profits

from a trade liberalization with certainty.

Per-unit trade costs: Assume the prevailing regime to be Al. Welfare in the poor country is

o, P
given by U = (w,L7)/p". 8gf > 0 if BLh — ‘9;—}2 > 0, where wy, = % and
P _ F+PRyPP (PP —PH)
p PR1pP .
%wh_%pP:(PP_PR) F+PR+PP  F+PR4(14+0)PF .-
Wh pP F+(1+t)PR+ PP  F+ PRy PP (PP —PRY| =

Easy to see that

F+ PR 4 PP _ F+ PR+ (1+t)PP
F+(1+4+t)PR+ PP = F+ PR+ PP 4 ¢(PP — PR)’

and thus 88% >0 if PR > PP, and vice versa.

9 2 P
Similarly, for regimes A2 or A3, I have M >0 if M — 3}’;—,@ > 0, where

F+G+a(PR4+PP)+tPP F+G+a(PR+PP)+t(PP PR) Zo  EpP

F+G+a(PR+PP)+tPR and p"” PRI PP w; pP

F+G+aPR+PF) F+ G+ aPf + (a+t)PP -0
F+G+ (a+t)PR+aPP  F+G+a(PR+ PP)4+ (PP —PR)Y| =7

W) =

(P" — Pf)
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and thus 88% >0 if PR > PP, and vice versa.

: . _ F+G+PRyaPP4tPP P _ q(F+P®)+G+aPP (PP —PR)
In the separating regime, where wy ; = FrCrPFraPP (PR and p© = PRLPP ,
9 9 P
the derivative is positive if % — 3;% =
b l
F+ G+ PE+aP? F+ G+ PE+(a+t)P?

(PP — Pty >0

F+G+ (1 +t)PR+aPP  ¢(F+ PR)+ G +aPP + (PP — PR)| =

Easy to see that

F+G+ PR yapPP - F+G+ PRy (a+t)PP
F+G+ (1+t)PE+aP?P = q(F + PR)+ G+ aPP +t(PP — PR)’

and thus 88% >0 if PR > PP, and vice versa.
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