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Abstract

In this paper, we examine how the exporting decision and quality choice of producers
are affected in the presence of quality uncertainty. We develop a dynamic, two-country
model where a foreign consumer learns the quality of a home product only after he has
consumed it. As a result, home exporters need to establish reputation about their product in
the foreign market. In equilibrium, firm-specific fixed exporting cost arises endogenously;
it consists of (i) the cost of establishing reputation in the export market and (ii) the oppor-
tunity cost of exporting due to the choice of sub-optimal quality in the home market. The
model generates a non-monotonic relationship between firm size and export status, and is
consistent with the presence of many small exporters and observed export dynamics. We
use the model to analyze the impact of trade intermediaries. By using intermediaries, ex-
porters can avoid the reputation cost in lieu of a higher per unit cost. We show that the
effect of intermediaries on the choice of quality and price is much more nuanced compared

to what a model with an exogenous intermediation technology would suggest.
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1 Introduction

Uncertainty about product quality is an endemic problem in trade. Figuring out the true quality
of a product simply by observing it is not possible for many products; quite often, it may not
be possible for the producer to credibly signal the product quality either. This problem of
asymmetric information becomes more severe when products are traded across international
boundaries, as foreign consumers have even less information on which to base their purchase
of an imported product.

In a classic paper, Rauch and Trindade (2002) showed that for differentiated goods, the
presence of ethnic Chinese networks in both the trading partners increases trade. Since differ-
entiated goods are those for which quality could vary a lot, the work of Rauch and Trindade
implies that countries trade more when consumers have more information about quality, possi-
bly through ethnic networks. Similarly, Feenstra and Hanson (2004) argue forcefully that one
of the reasons why Hong Kong has been successful in intermediating trade between China and
rest of the world is because Hong Kong’s traders have an informational advantage in identifying
Chinese producers who can meet foreign quality standards.’

Based on the above mentioned studies, it is reasonable to assume that uncertainty about
product quality has a dampening effect on international trade. What is less clear is what are the
micro-channels through which this uncertainty affects trade. In particular, from the perspective
of the consumer, how does uncertainty affect demand? From the perspective of the firm, what
barriers do uncertainty create? Is the pricing decision of the firm affected? How is the choice
of quality affected, vis-a-vis a world with full information? And finally, does uncertainty lead
to selection of some firms into exporting?

In this paper, we put uncertainty about the quality of products in the export market at the
forefront of our analysis of exporting behavior.> In Section 3, we develop a two country, over-
lapping generations model where firms with heterogeneous capability live for two periods and

produce different varieties of a quality-differentiated good. The quality of a firm’s product is

!Other papers to provide evidence of informational asymmetry in international trade, although not necessarily
about product quality, include Gould (1994) and Head and Ries (1998). Gould shows that for the U.S., immigrant
links to the home country have a strong positive effect on both exports and imports; Head and Ries find the same
for Canada. Portes and Rey (2005) run a standard gravity equation and find that informational flows, proxied by
telephone call traffic and multinational bank branches, have significant explanatory power for bilateral trade flows.
In a recent paper, Paravisini et al. (2010) show that exporting firms in Peru tend to use those banks for financing
which have greater exposure in their destination markets, suggesting a role for information in trade.

2By now, it is well established that quality plays an important role in international trade. Research has shown
that not only do rich countries export higher quality goods on average (Schott, 2004; Hummels and Klenow, 2005;
Khandelwal, 2010), but even within narrowly defined sectors, firms produce and export goods of different quality
(Verhoogen, 2008; Kugler and Verhoogen, 2009; Hallak and Sivadasan, 2010).
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known in the home market; but it is unknown in the foreign market. Once a foreign consumer
consumes the product, he learns its true quality. His knowledge is then transmitted to the rest
of the population so that the quality of the product is known in the next period. Given this
constraint, a firm chooses the quality of its product, as well as, the price in the different markets
in both the periods. In equilibrium, which we study in Section 4, fixed exporting costs arise
endogenously. These costs have two components: (i) the cost of establishing reputation in the
foreign market and (i1) the opportunity cost of choosing a sub-optimal quality in the home mar-
ket. Both of these components depend on the quality chosen by a firm and its capability, besides
aggregate variables. Our model thus provides a micro-foundation for firm-specific fixed costs
that have been used, for example, by Das, Roberts and Tybout (2007) to explain the exporting
behavior of Colombian firms.

We show that in a class of pooling equilibria, all “young” exporters charge the same price
and sell the same quantity. If the price is low enough, which must be the case if firms are
trying to establish reputation, the model is consistent with a number of empirical regularities
that have been uncovered recently. First, there are many exporters with small sales. This is
consistent with the existence of many small French exporters in the data (Eaton, Kortum and
Kramarz, 2011). Second, it is also consistent with the finding that in a given year, a significant
fraction of Chilean exporters are new exporters who export very little compared to those who
have exported for at least a year (Blum et al., 2009). Finally, in our model, all exporters start
off small. But the most capable among them experience a growth in sales. Thus, the model is
consistent with observed export dynamics of Colombian exporters (Eaton, Eslava, Kugler and
Tybout, 2007). Note that the reason behind the existence of small exporters is very different
from the one in Arkolakis (2008). Unlike in Arkolakis, the small exporters in our model are
firms at a certain stage in their life-cycle.

The model also provides an explanation for the non-monotonic relationship between size
of firms and their export status. Melitz (2003) makes a stark prediction that all exporters are
larger than all non-exporters. Of course, we do not expect to see this relationship in the data.
But Hallak and Sivadasan (2010) show that the non-monotonicity between firm size and export
status is systematic - the fraction of exporters increases with firm size. In our model, uncertainty
in the export market distorts the product quality of the exporting firms. This results in some
of the exporters earning a lower revenue from home sales compared to some non-exporters.
If the revenue from foreign sales is small enough in period one, there would be an overlap
between young exporters and non-exporters, at least over some firm size interval. By imposing

some restrictions on the underlying capability distribution, our model generates a relationship
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between firm size and export size similar to the one uncovered by Hallak and Sivadasan.

After having established the properties of the equilibrium without intermediaries, in Sec-
tion 5 we allow firms to choose the mode of exporting - firms can choose to “go alone” and
directly establish reputation in the foreign market (X exporters), or use intermediaries (I ex-
porters).The prevalence of intermediaries in international trade has recently been uncovered
by Bernard, Jensen, Redding and Schott (2010), Ahn, Khandelwal and Wei (2010) and Blum,
Claro and Horstmann (2009, 2010), among others.? In this paper, we choose to highlight the
role of intermediaries in providing quality assurances to final consumers. For example, Li &
Fung, a multinational trading and sourcing firm based in China claims that they are committed
to meeting the demands of international business through “impeccable quality; reliable, on-time
delivery; and the highest standards of service”.* Similarly, LCBO, one of world’s largest retail-
ers of beverage claims that “Every product is tasted, tested and certified by the LCBOs Quality
Assurance (QA) department”.> Home Depot, the world’s largest home improvement retailer,
has a Quality Assurance (QA) program in place which “evaluates supplier performance in the
areas of factory, product, and packaging quality”.°

In our model, intermediaries have a costly screening technology that allow them to signal
the true quality of goods to foreign consumers. Unlike a X exporter who has to bear both com-
ponents of the fixed exporting cost, an I exporter does not have to incur the reputation cost. But
selling through intermediaries also distorts a firm’s choice of quality relative to direct export-
ing, which results in an implicit higher per unit cost. Intermediation has been modeled in the
literature as a technology that allows firms to export using a lower fixed cost but higher variable
cost (See Ahn et al., 2010); we, therefore, provide a micro-foundation for such a technology.

We also find the conditions under which the most productive exporters export directly while
the least productive exporters use intermediaries. We show that the quality chosen by a firm
exporting through an intermediary could actually be lower than if it had exported directly - a
counter-intuitive result. Introduction of intermediaries also leads to some firms switching from
being direct exporters to exporting through the former. The effect on the quality of these firms

is not uniform, however; while some of the switchers experience a rise in quality, others see

3Bernard et al. (2010) find that pure and mixed intermediaries account for 60 percent of importing firms and 79
percent of importing value in the U.S. Using a technique that surely underestimates the number of intermediaries,
Ahn et al. (2010) reports that 22 percent and 18 percent of exports and imports respectively are handled by Chinese
intermediaries. Finally, Blum et al. (2009, 2010) find that pure intermediaries account for almost 42 percent of all
Chilean imports from Argentina.

“www.lifung.com/eng/business/efficiency.php

Swww.lcbotrade. com/programs_dga.htm

Shttps://suppliercenter.homedepot.com/wps/portal
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a fall. Finally, the effect of improved efficiency in the intermediation technology on exporter
behavior depends on whether the improvement is a result of lower screening costs or higher
average ability of intermediaries. Thus the effect of intermediaries on the choice of quality
and price is much more nuanced compared to what a model with an exogenous intermediation
technology would suggest.

The effect of incomplete information about product quality on consumer’s and firm’s be-
havior has been studied extensively by economists. As pointed out by Phillip Nelson in his
seminal paper, “information about quality differs from information about price because the for-
mer is usually more expensive to buy than the latter” (Nelson, 1970, page 311). The difficulty
in determining the true quality of a product induces consumers to engage in costly processes to
obtain information about product characteristics. One such process is “search” whereby con-
sumers try to evaluate a product before it is purchased. But when acquiring information in this
way is too expensive (for example, when a new product is introduced in the market), consumers
might try to determine quality by purchasing or “experiencing” the product.

The sale of such experience goods fundamentally changes the behavior of firms too. Al-
though firms could potentially sell low quality products and make short-term profits, they are
dissuaded from doing so by reputational concerns.” Since consumers try to obtain informa-
tion about a product through consumption, the seller of an experience good essentially bundles
information about his product with the product itself; selling a low quality product means pro-
viding adverse information about the product that reduces the future stream of profits (Shapiro,
1983b). In such a setting, a firm choosing to sell a high quality product might even have to
incur a loss initially to establish reputation in the market.

One way to mitigate this problem of asymmetric information is the introduction of a third
party which evaluates the quality of a product.® But quality assurances could also be provided
by intermediaries who buy from sellers and sell to final consumers.’ In fact, in the presence of

asymmetric information, guaranteeing quality is one of the most important roles performed by

7See, for example, Schmalensee (1978), Smallwood and Conlisk (1979), Klein and Leffler (1981), Shapiro
(1983a) and Riordan (1986).

8Examples include Moody’s bond ratings or the U.S. News & World Report’s ranking of college. See Dranove
and Jin (2010) for a nice survey on the state of the theoretical and empirical literature on quality assurance.

0f course, there are alternative ways of getting around the problem. For example, firms could provide war-
ranties; if full warranties are given, there will not be any incentive for firms to deviate and quality will be the
same as in the complete information case. The problem with full warranties, however, is that it introduces a moral
hazard on the consumers’ side (Allen, 1984). Since it is difficult to establish whether a product malfunctioned
because it was of low quality or whether it was poorly maintained, a full warranty reduces consumers’ incentives
to use the product properly. Consequently, firms will only give partial warranties and hence reputation will matter
again for the firm’s choice of quality. In a recent paper, Roberts (2011) shows that guaranties cannot substitute for
reputation in a decentralized on-line market.
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intermediaries (Spulber, 1996); hence our decision to focus on this role.

2 Related Literature

This paper is related to various strands of the existing literature. As already discussed in the
Introduction, there is a large literature on experience goods. Most of the papers in this literature
focus on a single market. By allowing firms to sell in two different markets with different
informational structures, our model can explain why some firms might choose to serve only
one market, i.e., not export even without any exogenous cost of exporting. As we show in this
paper, it is the need to establish reputation in the foreign market that generates a cost that acts
as a ‘fixed’ exporting cost.

Our paper contributes to the recent but growing literature examining the role of interme-
diaries in international trade. Motivated by the recent backlash against intermediaries in the
developing world, Antras and Costinot (forthcoming) present a model where intermediaries
provide farmers access to markets. But matching is random, with the rate at which farmers and
intermediaries match being determined endogenously. Antras and Costinot show that depend-
ing on the kind of integration being considered, intermediation could raise or lower welfare
of farmers in southern countries. Although we do not explicitly look at welfare, we believe
that the presence of intermediaries does have implications for welfare by affecting the equi-
librium quality and price of goods. Search frictions also feature in the model of Blum, Claro
and Horstmann (2010), who are motivated by the finding that within the universe of Chilean
exporters and Colombian importers, there are no small matches - matches between small im-
porters and small exporters do not occur in the data. In their model, firms have an exogenous
cost of finding consumers, with this cost being larger for small firms. In equilibrium, small firms
match with large intermediaries while the large firms match directly with consumers (who can
be thought of as small importers). Facilitating international matches, however, is not the only
role of intermediaries that has been studied. Ahn, Khandelwal and Wei (2010) argue that inter-
mediaries arise primarily to overcome trade costs. They augment the Melitz model by adding
an intermediation technology; firms have the option of direct exporting or exporting through
an intermediary, with the latter entailing a lower fixed cost but a higher per unit cost. The de-
termination of these costs, however, is treated as a black box. In our model, these costs arise
endogenously. To our knowledge, the only other paper that theoretically studies uncertainty
about product quality and the role of intermediaries in alleviating this uncertainty in an inter-

national trade context is Bardhan, Mookherjee and Tsumagari (2010). They develop a model
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where an intermediary’s (broadly defined) concern for reputation allows it to solve a quality
moral hazard problem. Bardhan et al., however, are interested in the impact of trade liberaliza-
tion on income distribution. Other theoretical contributions to the literature include Rauch and
Watson (2004), Felbermayr and Jung (2008) and Petropoulou (2008).'"

Our paper is also related to several papers that study the role of intermediaries in a closed
economy. Gehrig examines a random matching model where intermediaries and direct trading
exist side by side, although he considers only a monopolist intermediary. Spulber (1996) allows
for heterogeneity in consumers, producers as well as intermediaries; direct trading, however, is
not an option in his model. Rubinstein and Wolinsky (1987) present a model of intermedia-
tion where the cost of transaction is endogenous and trade through intermediaries coexist with
direct trade. Unlike our model, the market imperfection in their model arises due to the time
consuming nature of trade; intermediaries alleviate this problem by shortening the waiting time
for buyers and sellers. The paper that is closest to ours is Biglaiser (1993). In his model, sellers
are endowed with a good whose quality is not observed by buyers prior to purchasing. Inter-
mediaries differ from buyers because they possess a screening technology. Given this setting,
Biglaiser examines the implication of introducing intermediaries for welfare.

Finally, our paper is related to the theoretical literature on quality in international trade.
Most of the papers in this literature have been concerned with explaining the pattern of trade in
vertically differentiated goods (Flam and Helpman, 1987; Stokey, 1991; Murphy and Shleifer,
1997; Fajgelbaum et al., 2009), or the systematic difference in unit value of exports across
firms (Baldwin and Harrigan, 2007; Kugler and Verhoogen, 2009; Hallak and Sivadasan, 2010;
Johnson, 2010). We contribute to this literature by introducing a hitherto ignored determinant
of quality, asymmetric information, and examining the role of intermediaries in the presence of

such market imperfections.''

10Rauch and Watson (2004) study the formation of intermediation networks and how intermediaries provide
access to their network of contacts to other interested parties. Matching and endogenous network building by
intermediaries also feature in the work by Petropoulou (2008) while in Felbermayr and Jung (2008), trade inter-
mediaries arise endogenously due to contractual frictions.

"1Qur paper is also related to the literature on uncertainty in international trade. Most of the papers in this
literature focus on how countries formulate trade policy in the presence of uncertainty (See Ruffin, 1974, for
example) In contrast, we consider the implications of a different dimension of uncertainty, notably uncertainty
about product quality.
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3 The Model without Intermediaries

In this section, we develop a framework that will allow us to study the problem of exporters in
the presence of asymmetric information about product quality. This framework will also serve
as a benchmark against which we can evaluate the effect intermediaries have on firm’s decision
to export, as well as the choice of quality, quantity and price.

Let there be two symmetric countries - home and foreign. Without loss of generality, we
shall carry out our analysis with respect to the home economy. Each country is populated by a
unit mass of individuals. Each individual owns one unit of labor that he supplies inelastically

in return for a wage of w.

3.1 Preferences

Consumer preferences are captured by an additive random utility model. Let there be .J varieties
of a differentiated good available to consumers, with the quality of each variety lying between
—o0 and co."” Each consumer can consume a single unit of a variety. Given quality ¢; and

price p; of a variety j, a consumer derives the following utility from consuming a unit:

uj = 0q; — pj + €,

where 6 captures the preference for quality and ¢; is a random variable drawn from a cumu-
lative distribution ®(e€y, €3, .....,€5). €; provides for the possibility that conditional on quality
and price, consumers might derive different utility from consuming the same variety.'> The

probability that a consumer chosen at random will select variety j, f;, is given by
fj = Prob(u; = maxus), s=1,2,...J.

Following McFadden (1973), we assume that ® is a Type I Extreme Value Distribution with

12We choose the lower bound for utility as —oco instead of 0 because of the preferences; it ensures that the
demand for the lowest quality variety goes to zero.

13The indirect utility function can be obtained from a problem where a consumer allocates his income between a
homogeneous numeraire good and one unit of a good of quality ¢; and price p;. Under this interpretation, ¢ equals
the inverse of the marginal utility of income. If the direct utility function is concave, 6 is higher for individuals
with higher income; richer individuals have a greater preference for quality (Verhoogen, 2008).
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variance . The choice probability f; then reduces to

exp{L(0q; — p;)}

5 can(l 0~ )}

fi=

The derivation of the choice probability from the indirect utility function is quite standard (In-
terested readers are referred to Anderson et al. (1992)). Assuming that the entire population
observes the quality of every variety, f; gives the fraction of consumers who demand variety j.
Observe that f; is also the actual demand for variety j, since the population has been normal-
ized to one. As the set of available varieties becomes a continuum (number of varieties grows

arbitrarily large), the choice density is simply given by

_ exp{%(0q(j) — p(4))}
| exp{1(0q(s) — p(s))}ds’

f()

where () is the subset of varieties that are available to the consumers (Anderson et al., 2001). In
the full information case, f(j) also denotes the demand faced by a producer of variety j. Two
features of the above demand function are noteworthy and play an important role in our analysis
later on. First, conditional on price, consumers demand more of higher quality varieties. This
property captures the vertical differentiation aspect of the differentiated good. Second, as long
as 0 > 0, there is positive demand for every variety, irrespective of its quality and price. This
property reflects the horizontal differentiation aspect of the differentiated good. This latter
property also ensures that an equilibrium exists with producers selling varieties of different

quality and different consumers having strict preference for different varieties.'*

3.2 Production

Every period, a measure one of firms enter the market, produce for two periods and then exit."”
Therefore every period, there is a “young” and an “old” cohort of firms. The firms are endowed

with some asset that allows them to hire workers at a wage of w and carry out production; this

14If consumers had identical preferences, then the only way all varieties would have a positive demand is if
consumers were indifferent across varieties. This would generate a price schedule for quality, p(¢) = —Cre™9 +
C5, where (7 and C5 depend on supply factors. The demand for individual varieties would be indeterminate,
however.

15The assumption of firms living for two periods is not essential for our results. We could easily generalize to
more than two periods. Adding more periods, however, does not affect our analysis in any significant way.
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prevents free-entry. '

Assuming that producing a new variety is costless, every firm produces
a unique variety, and accordingly, has some market power. Firms choose (i) what quality to
produce and (i1) how many units to produce (or conversely, what price to charge).

Firms are endowed with capability A drawn from an exogenous distribution G(\) with den-

sity g(\) and support [0, A]. The technology for producing one unit of quality ¢ is given by
g = X+ log(n — ),

where n is the number of workers used for producing one unit and 7 is the minimum number
of workers required to produce a unit; to produce even a variety of quality —oco, a producer has
to engage n workers per unit.!” If a firm chooses to produce quality ¢, the above technology
results in a per unit cost of

(g N) = w(n + ),

Higher A allows firms to produce higher quality using the same resources or the same quality
using fewer resources.'® We also assume that producers choose the same quality across time
and space. The need for assuming same quality in both periods will be clear once we specify the
information structure. Requiring firms to choose the exact same quality in both the home and
foreign markets is without loss of generality. We could allow firms to choose different qualities
in the two markets; but all our results will hold as long as there is some linkage between the two
qualities, i.e., as long as the choice of quality in one market affects quality in the other market.

This, again, will become clear later on.'”

3.3 Information

Home consumers observe all firm-specific variables of domestic firms. In particular, the qual-

ity of the varieties produced by home firms is observed by home consumers in both periods.

191n the heterogeneous firm literature following Melitz (2003), the standard assumption has been that any firm
can carry out production by incurring a cost upfront. As shown by Evans and Jovanovic (1989), however, en-
trepreneurship may not be an option for many individuals because of liquidity-constraints. Heterogeneous firm
models with a fixed number of firms include Chaney (2008) and Arkolakis (2008).

7The term “capability” was introduced by Sutton (2007); capability is similar to productivity, but in a world
where goods have heterogeneous quality. Although, capability has two dimensions in Sutton’s work, we reduce it
to a single dimension captured by A (See Kugler and Verhoogen, 2009, for a similar treatment).

8The functional form for c(g; \) is convenient, but not necessary. What is necessary is that the marginal cost
function displays the following property: 3‘9)\2864 < 0.

9Firms would choose the same quality in both the periods if it is very costly to change quality midway through
production. The linkage between the qualities of the varieties produced for the home and the foreign markets
would arise if, for example, the production lines cannot be separated completely.
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Accordingly, the demand faced by a home producer in the home market is given by

ran(j) = f(J)- (D

Foreign consumers, on the other hand, do not observe the quality of a variety produced by
a “young” home exporter. Quality is revealed in the second period when the firm is “old”,
provided that there has been some consumption of the variety.”’ But the revelation of quality in
the second period depends on the excess demand for the good in the foreign market in the first
period.

Let the amount of good that a young exporting firm chooses to supply to the foreign market
be x; - Let the demand facing the firm be x}l’ - In the second period, foreign consumers
receive a noisy signal: with probability « they observe the true quality of the good and with
probability 1 — «, they observe a quality of —oo, where o = a(zy p — } ) with the following
properties :

o <0; a(0)=1; afzyp) =0.

As long as a firm has xé’ » — T4 p > 0, there are some unsatisfied consumers. These consumers
perceive the firm as providing very poor service. We think of quality as any attribute of a
product, including the service provided by the firm selling that product, that consumers value.
Accordingly, these unsatisfied consumers spread the message around that the firm is selling a
variety with quality —oo. On the other hand, the consumers whose demand is satisfied reveal
the true quality of the variety. In the second period, consumers acquire information about this
variety from those who had consumed, as well as, those who wanted to but could not consume
the good in the previous period. The probability of receiving a signal from someone who had
consumed the good depends on the size of excess demand. Higher is excess demand, greater
are the chances of meeting an unsatisfied customer and receiving a signal that quality is —oo.
For example, (Morawetz, 1981) argues that the decline of Colombian export of clothing in the
mid-70s was partly due to the gradual realization by U.S. buyers that Colombian suppliers are

not reliable due to their inability to deliver orders on time.”!

201t should now be clear why we need more than one period. Since exporters sell an experience good, with only
one period, the export market would suffer from Akerlof’s lemons problem (Akerlof, 1970); only the low quality
producers would export. This problem can, however, be mitigated even in a one period model if there are some
informed consumers (See Cooper and Ross, 1984).

2I'The world wide web is a platform through which agents meet each other and exchange information about
goods. After consuming a good, both satisfied and unsatisfied consumers post their experience on websites and
on-line forums. Higher is the proportion of negative reports about a good, greater is the probability that a potential
consumer will believe that the good is of low quality. Chevalier and Mayzlin (2006) discusses the relevance of
word-of-mouth communication among consumers and how it affects the sell of books online.

10
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By applying the Law of Large Numbers, we then conclude that for any measure of con-
sumers, the fraction who know the true quality of a good is . In particular, among those
consumers who would have consumed the good in the event that everyone knew the true quality
in the second period, only a fraction o would actually want to consume the good. Hence, the

demand faced by an old exporter in the foreign market is

$§,F(j) = Of(x}i,F - x;F)f(]) ()

The only difference between the above expression and equation 1 lies in ov. Asymmetric in-
formation scales down demand, as long as young exporters do not meet their demand in the
foreign market. A natural question to ask is, why a young exporter would want to supply less
than the demand it faces. This possibility would arise if the firm is making losses per unit sold.
Then it would ideally want to sell as little as possible. But selling less in period one results in
reduced demand in period two when it could potentially make profits. In fact, later on we show
that old exporters always earn profits in the foreign market, where profits are proportional to
the quantity sold.”> Hence, a young exporter that incurs a loss in the foreign market faces a
trade-off.

At this point, it is instructive to point out the difference with Arkolakis (2008). In his
paper, exporters have to bear a positive cost of reaching even the first consumer in any market.
Our model suggests that reaching a single consumer may not be optimal for an exporter; even
though the cost of selling one unit in the foreign market is negligible, the foregone profits could
be large, depending on how productive the exporter is. For the remainder of the paper, we shall
assume that « is such that it is never profitable for a young exporter to supply less than its
demand.”?

The timing of the model is depicted in Figure 1. Given the informational structure, it should
now be clear why we require producers to produce the same quality across time. If exporters
could separately choose their quality in the foreign market in the two periods, they would never

choose ¢ > —oo when they were old. Anticipating this, foreign consumers would demand zero

22If an exporter makes losses in both periods, it should simply exit the export market.
Z3For example, the following function would ensure that:

a=1 ifz)p zx;F

=0 otherwise

When o takes this functional form, a firm either meets demand in period one or it does not export. Supplying an
amount that is positive but less than ), . is strictly dominated by supplying nothing. In general, the more convex
is a, more costly it is for the firm to keep supply below demand in the export market.

11
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Figure 1: Timing of the model

units from these exporters in period two.

4 Equilibrium

Since selling in the home market does not involve asymmetric information, we first consider the

problem of the firm in a closed economy. We then go on to study the open economy equilibrium.

4.1 Closed economy

Every firm produces a unique variety and solves the following problem:

H;iﬂ[p —c(q; N)]zam(q)

where x4 (q) is given by equation 1. We multiply the expression by 2 because of the two

periods. Profit-maximization yields the following:

¢°(\) = X\ +log ﬁ. (3)
w
PPN =0 +w(e” > +n).

=0+ 0+ wn. C))

Although more capable firms produce higher quality varieties, every firm that serves only the
home market charges the same price. The price charged is a constant markup o over marginal

cost w(n + qu*)‘), where we?” happens to be equal to a constant §. Essentially, there are
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two forces that determine how marginal cost changes with capability. More capable firms face
a lower cost of producing a given quality of a variety. But more capable firms also choose
higher quality which raises their marginal cost. Given the functional forms used in this paper,
these two effects cancel each other out exactly, whereby marginal cost is independent of \. In
general, whether marginal cost rises or falls with capability will depend on which of these two
effects dominate.

The price charged depends on o, the dispersion in the taste of the consumers. Intuitively, a
high o increases the mass on the tails of the distribution of €. Since the demand for a particular
quality comes from individuals who value it highly (i.e., those in the upper tail), fattening of the
upper tail raises demand, while fattening of the lower tail has no effect on demand. The price is
also higher if consumers attach higher value to quality (higher 6). Replacing the value of ¢” ()
and p? () in the expression for profit, we get

DA = 2 eupt L LA
s ()\)—Oexp{a(QA—FQlogw o—0—wn)}. 3)

where C' = [ exp{Z(0q(j) — p(j))}dj is a measure of aggregate demand. The above equation
Q

suggests that 7 ()\) is equal to C’ea:p{%}, where C'is a constant from the firm’s perspective. In
equilibrium, more capable firms sell higher quality at the same price and face higher demand,
resulting in higher profits. Observe that if a firm chooses to serve only the home market, both

quality and price charged by the firm will remain unchanged even in the open economy.

4.2 Open economy

Before formally defining the equilibrium in the open economy, let us point out the difference
between the problem faced by foreign consumers and young home firms in our model and the
standard “lemons” problem. In the standard model, the principal values an asset that the agent
provides. The value of the asset, however, varies across agents, which the principal does not
observe. Hence, the latter offers an average price for the asset, where the price depends on
the belief of the principal regarding the distribution of assets. The strategy for the agents is to
accept or reject the price.

In our model, firms are not price-takers. They choose their price in both the home, as well
as, the foreign market. In particular, young firms can use their price to signal their quality in the
foreign market. Consumers have rational expectations. At the beginning of period one, foreign
consumers correctly anticipate the expected quality of the young exporting firms, ¢, although

they cannot observe the quality of individual firms. Upon observing the price charged by a
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young firm, foreign consumers update their belief about that firm’s quality, 1(¢|p). Based on
the price and the updated belief about quality, demand for the variety :L’}L 18 generated, which,
as we have already assumed, is met by the producers.

Given the structure of the problem, we shall use the concept of a perfect Bayesian equilib-
rium (PBE). PBE requires a strategy profile for the agents and posterior beliefs about the type.
In this model, the strategy for a consumer (both home and foreign) is to demand a variety; the
strategy for a firm is to choose a quality, ¢, and prices for each market. The posterior belief,

1(q|p), is about the quality of the variety sold by a firm. Formally,

Definition 1. A PBE of the model consists of strategies for the consumers and firms, and pos-
terior beliefs such that:

(a) Consumers’ maximize utility,

(b) Firm’s maximize profits,

(c) u(qlp) is formed from the prior distribution using Bayes’ rule whenever possible.

Note that unlike the standard signaling game, the prior distribution of quality in this model
is endogenous since it involves choice by the firm that in turn depends on equilibrium price and
quantity demanded. Hence, the prior beliefs must be simultaneously solved in equilibrium.

Let the the profit from serving both markets be denoted by 7% (\). A firm, when choosing
whether to export or serve only the home market, compares 72()\) with 7%()). It should be
clear that in equilibrium, if a firm chooses to export in the first period, it will do so in the second
period too. In the second period, the quality of an exporter is fully revealed, whereby he solves a
full information problem. For a given quality ¢, the optimal second period price of the exporter
is given by o + w(n + e?~*). Since marginal cost is w(7n + e?~*), the exporter earns a profit of
o per unit of output sold. Hence, irrespective of the quality of goods sold, a firm would always
want to export in the second period, if it has exported in the first period. The possibility that a
firm exports in the second period but not the first is ruled out by the fact that if a firm does not
export in period one, it faces the problem of a young exporter in period two. Hence, if exporting
was not profitable in period one, it cannot be profitable in period two either. >

The problem of an exporter then reduces to choosing a quality and a price for the foreign
market in period one. Given quality, the exporter charges the full information price in all the
other three markets (the home market in period one and two, and the foreign market in period

two). The price it charges in the period one foreign market, however, depends on the posterior

24Note that this argument relies on the economy being in a stationary equilibrium. In a non-stationary equilib-
rium, an exporter might choose to export in period two but not in period one if the equilibrium price in period two
is substantially higher than the one in period one.
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belief held by the foreign consumers about its quality. In this paper, we restrict our attention
to pooling equilibria where every young exporter charges the same price, let us call it p, in
the foreign market. In fact, within the class of pooling equilibria, we focus on perfect sorting
equilibria, i.e., equilibria in which there exists a A* such that all firms with capability above
AX export and the rest do not. We start by characterizing the set of price that can be sustained

in an equilibrium. In order to do so, first we make the following assumption:

Assumption 1. A firm cannot sell a good at a price below its marginal cost of production if

that cost is observed by consumers.

Assumption 1, which is essentially an anti-dumping condition, gives us a lower bound for
the equilibrium price.>> To see this, note that although consumers do not observe the quality or
the capability of an exporting firm, they know that the marginal cost of producing a quality ¢
by a firm with capability A cannot be less than the marginal cost of producing quality —oo (the
lowest quality) by the most capable firm. Since this cost is wn, the equilibrium price p must be

weakly greater than wn. As the following lemma shows, we can also put an upper bound on p.
Lemma 1. In a pooling equilibrium with perfect sorting, p must be less than 6 + wn.

The condition for a perfect sorting equilibrium is stronger than the condition for a sorting
equilibrium, where some firms, but not necessarily the most capable firms, export. Our focus
on the former is due to the widespread use of this equilibrium following the seminal work of
Melitz (2003).

Assumption 1 and Lemma 1 together imply that p € P, where P = [wn, 0 + wn]. The
simplest way to support a p € P as a pooling equilibrium is to assign pessimistic beliefs 1(q =
glp = p) = 1and u(q = —oo|p # p) = 1. Itis easy to see why such beliefs would dissuade any
firm from deviating. If a firm chooses to export, then its net profit from the foreign market must
be positive (even if the first period profit is negative). Since xft » = 0Vt if ¢ = —o0, deviating
from p would reduce the exporting profits of a firm to zero.

PBE allows the consumers to assign any posterior belief whenever p # p. This leeway in
specifying off-the-equilibrium-path beliefs generates multiple equilibria (Fudenberg and Tirole,
1991); with pessimistic beliefs as defined above, any p € P can be supported as the equilibrium

price. We can, however, provide a stronger characterization of the equilibria set if we allow the

23The Agreement on Implementation of Article VI of GATT 1994, commonly known as the Anti-Dumping
Agreement, allows countries to impose duties on a product if it can be proved that the product is being dumped.
One of the ways in which it can be shown that a country is dumping a particular product is by comparing its export
price with its “constructed value” which consists of cost of production and other expenses.
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agents to play only pure strategies. In this case, as the following lemmas show, the pessimistic
beliefs are not only sufficient, but under certain conditions, are also necessary to support a

pooling equilibrium.

Lemma 2. In a pooling equilibrium with perfect sorting, if the equilibrium price p is such that
P < c(gX(N); \) where ¢~ is the equilibrium quality of an exporter, the Foreign consumers’
beliefs must take the following form : u(q = qlp =p) = 1 and p(q = —oc|p > p) = 1, where
q is the expected quality of the exporting firms.

Lemma 3. In a pooling equilibrium with perfect sorting, if wn < p < c(q¢X(\); \), then the
Foreign consumers’ belief must be j1(q = —oo|p < p) = 1. If, on the other hand, p = wn, then
the following belief can also sustain an equilibrium : j1(q = qg|p < p) = 1 where qyg > q.

Lemmas 1, 2 and 3 provide us with necessary conditions for the existence of a pooling
equilibrium with perfect sorting. The requirements for a perfect sorting equilibrium narrows
down the set of prices and beliefs that can sustain such an equilibrium considerably. Of course,
whether a strategy-belief tuple belonging to this set is in fact a perfect sorting equilibrium will
depend on how 7% ()\) compares with 72 ().

When a firm chooses to export, it essentially faces two kinds of market - the foreign market
in period one with asymmetric information and the other three markets which have full infor-
mation. Since the full information markets are identical, the firm chooses the same price in
these three markets. Let this price be denoted by p(\). Henceforth, we drop the argument on
firm prices and qualities to make the exposition simple. Given that a firm chooses a price of p

in the first period for the foreign market, its profit from serving all the four markets is given by

X(A) = maxr ™ (g; A

q,p

= max[(p — w(n + ) Serp{ - (07 - 7)) + o cap( (6 — )]

Zeap{%(0q — p)} denotes the expected demand for the home firms’ varieties in the foreign

t.26

market.”® Let the profit-maximizing quality be denoted by ¢*. Then we can re-write the firm’s

26The expected utility from consuming varieties sold by the young home firms is given by

Eqlv(q)] = 0Eqlq] — Eq[p(q)] + 1,
= 6q — p+1,
= v(a),

where § = E,[q|. This is an attractive feature of the additive random utility model, and will is not true in general.
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profit as

30

l X = X\
Ce:vp{g(@q o—w(n+el 7))}, (6)

_ N | L,
T\ = P-w(itet ) Ferp{=(07—-p)} +
where we have used the result that p = o + w(n + e?" ). The first-order condition for profit-

maximization yields
1 1
w.exp{q® — X+ 5(96 -D)}= 3.exp{g(9qX —o—wi+e” MO —we ). (7)

The above equation implicitly defines ¢ as a function of the parameters. A firm compares
7P (\) with 7% ()\) and chooses the maximum. Equation 6 seems to suggest that everything
else remaining the same, lower is p, more likely it is that some firms choose not to export.
This is an important insight that we develop further below. In this model, firms cannot directly
signal their quality. If p is sufficiently small, firms incur a loss in period one from exporting.
This loss, captured by the first term on the right-hand side of equation 6, represents the cost of
establishing reputation in the foreign market. But this is not the only cost that exporters have
to bear. To see this, observe that the second term on the right-hand side of equation 6 can be

broken down as

1 1 1 1
%Uearp{;wqx—ﬁ)} = %7 lexp{=(0q™ =)} — exp{~(04" - pD)}lﬂL %exp{;(GqD —~ pD)}/-
opportl;r:ity cost full inforrr:gtion profit
()

The cost of establishing reputation in the foreign market introduces a trade-off for potential ex-
porters. The assumption that firms produce goods of the same quality for all the markets implies
that exporting affects the choice of quality in the home market. Producing ¢ maximizes profits
in the full information markets. On the other hand, lowering quality below ¢ reduces losses
(raises profits) for young firms in the foreign market.”’ In equilibrium, firms end up choosing
¢ < ¢P; there is an opportunity cost of exporting. For the less capable firms, the additional
profit from exporting in period two is not sufficient to cover the loss from (i) reputation costs
and (ii) less than optimal quality at home. Hence, they choose to stay domestic and produce the

full-information quality. We state this result formally in the following proposition.

For example, in order to generate CES preferences, utility must be log-linear in quality, whereby E,[v(q)] #

v(Eqlq))-
?"The choice of quality does not affect demand faced by individual firms. But it determines per unit profits,

p—w(n+ eqX’/\), which is decreasing in ¢~ .

17



Dasgupta and Mondria Quality Uncertainty and Intermediation

Proposition 1. If 3(%6% — D)w > o > 0, then for p sufficiently small,
(i) there exists N such that firms with X > \X export while the rest sell only domestically, and

(ii) both qP and ¢ are increasing in \ with ¢ > ¢*~.

Under what conditions do we have a perfect sorting equilibrium? As Proposition 1 states,
a perfect sorting equilibrium is more likely if o, which captures the dispersion in tastes of
consumers, lies in a bounded interval. The intuition is as follows: The difference between
7P(\) and 7% (\) depends on the extent of the distortion in quality, i.e., by how much ¢ falls
short of ¢”. The bigger the difference between the two, the greater is the opportunity cost of
exporting. The distortion in ¢, in turn, depends on the value of o. On the one hand, firms
would like ¢ to be as close to ¢ as possible. On the other hand, higher ¢* implies higher
marginal cost, which increases the losses (or reduces profits) in the period one foreign market.
The extent to which firms can recover these losses from the full information markets depends
on how high a price they can charge in these markets. Higher is o, greater is the heterogeneity
in tastes meaning that firms can raise their price without affecting their demand too much. In
other words, if o is too small, the losses from exporting would be high for every firm, with the
result that all firms might end up not exporting. This creates a lower bound for ¢. An analogous
argument shows that if o is too large, exporting is attractive for every firm, with the result that
all firms end up exporting. This, in turn, creates an upper bound for o. The likelihood of a
perfect sorting equilibrium also depends on w lying in a bounded interval. w determines the
marginal cost of production; a higher w increases the first period losses in the foreign market,
thereby reducing the attractiveness of exports. Like o, a low enough w would make all firms
export while a high enough w would prevent any firm from exporting. The equilibrium choice
of quality is shown in Figure 2.

A possible interpretation of Proposition 1 is that when a firm enters the export market fol-
lowing trade liberalization, it downgrades the quality of the good that it produces. Evidence
from Mexico provided by lacovone and Javorcik (2010) shows that firms that enter the export
market experience an increase in the unit value of their products in anticipation of exporting.
Similarly, Verhoogen (2008) finds that firms that expand their exports following the peso deval-
uation crisis see an increase in ISO 9000 certification. Both pieces of evidence are suggestive of
some sort of quality upgrading due to better exporting opportunities, not quality downgrading.
We should point out that our model is not inconsistent with the above mentioned findings. To
see this, note that there are two main theories behind quality upgrading - (a) the hypothesis of
Alchian and Allen (1964) that rests on per unit transportation costs and (b) a higher willing-

ness to pay for quality by foreign consumers, possibly due to lower marginal utility of income.
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Figure 2: Equilibrium quality as a function of capability

Our model features zero transportation costs and symmetric countries. Once we drop either
one of these two assumptions, our model would also generate quality upgrading by some, if
not all, exporters. Note, however, that even if some firms engaged in quality upgrading, they
would continue to incur an opportunity cost of exporting. It is the assumption that firms are
constrained to choose the same quality in all markets, and not quality downgrading, that makes

exporting costly.

Relation between size and export status: The uncertainty in quality breaks a standard feature
of the generic heterogeneous firm model - the monotonic relation between size and capability,
where size is measured in terms of sales. In the standard model, there is a discontinuity in
size at the threshold A¥: the size increases because exporting firms have to incur the fixed
exporting cost. For the young cohort of firms in our model, there is a similar discontinuity
at A\, as shown in Figure 3. But unlike in the standard model, under certain conditions, the
size of an exporter falls. This opposite outcome arises again due to to a choice of quality by
the marginal exporter that is not optimal for the home market anymore. The marginal exporter
experiences a drop in sales from the home market. If the sales from the foreign market are
small enough (which would be the case if p is small), the total sales of the marginal exporter,
and by continuity some of the smaller exporters, is less than the marginal non-exporter. For

some capability distributions, the drop in sales of the young exporters generates a well-behaved
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Figure 3: Firm size of the “young” cohort
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Figure 4: Percentage of exporters in each size quantile

relation between percentage of exporters and size quantiles of home firms. For example, if we

assume a truncated Pareto distribution for capability, the percentage of exporters in each size

quantile increases as we move to higher quantiles, as shown in the following proposition.”®

A truncated Pareto distribution can be justified on the grounds that the largest firms in an industry already
have a good reputation in the export market and hence, the problem of uncertain quality does not apply to them.
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Proposition 2. If the capability distribution G(\) is a truncated Pareto, then the percentage of

young exporters is an increasing function of the firm size quantiles.

The increasing relation between percentage of exporters and size quantiles contrasts sharply
with the perfect sorting of export status by size in the standard model, shown in the top half of
Figure 4. The bottom half, reproduced from Hallak and Sivadasan (2010), presents evidence
on the relationship between percentage of exporters and size quantiles from the U.S. Hallak
and Sivadasan uncover a similar pattern in the data for Chile, India and Colombia. In their
model, this relation arises due to a similar non-monotonicity between quality and firm size.
In Hallak and Sivadasan, firms are required to meet minimum quality standards in order to
export. Their model also features a second degree of heterogeneity (on top of the heterogeneity
in capability) in firms’ ability to produce quality. The quality constraint effectively “distorts”
a firm’s choice; combined with two dimensional heterogeneity, this generates a non-monotonic
relationship between size (determined by capability) and export status (determined by quality).
Although firms in our model are differentiated with respect to a single attribute, capability, the
cause for non-monotonicity is a distortion caused by the requirement to establish reputation
(and an opportunity cost). So, although the two models are quite different, the cause for non-

monotonicity is, at a deeper level, quite similar.

Endogenous fixed and sunk costs of exporting: The model generates endogenous firm-
specific fixed exporting costs (Das et al., 2007; Eaton et al., 2011). A part of these costs take
the form of foregone revenues in the home market. Note that this cost depends on quality (see
equation 8) and accordingly, affects the firm’s choice of quality. But the cost is “fixed” in the
sense that conditional on quality, an additional unit produced by a firm is not affected by this
cost. Furthermore, the cost of reputation acts as an additional fixed cost, and like the opportu-
nity cost, depends on the quality chosen by the firm. As long as p is low enough, the exporting
firm incurs a loss in the first period foreign market; higher is the quality, greater is the loss.

In this model, firms do not face any uncertainty. Even though foreign consumers do not
observe the quality of varieties sold by home exporters in the first period, the quality is known
exactly in period two. Consequently, firms know the demand facing them in the period two for-
eign market for every quality. Now, consider the following modification to the model: Suppose
at the beginning of period two, foreign consumers receive a public signal that the quality of a
variety is —oo with some positive probability. In this modified model, firms face uncertainty;
some of them will have zero export demand in period two.”” In this situation, both the oppor-

tunity cost and reputation cost acts like sunk costs; a firm has to incur these costs if it wants to

2This difference does not arise due to our assumption that o = 1 in equation 2. Suppose a@ < 1. Since a
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export, but these are sunk once it has entered the foreign market. The reputation cost has to be
incurred in period one and cannot be recovered if the firm decides not to export in period two.
As for the opportunity cost, since the firm cannot change quality in period two, the revenue in
the period two home market continues to be lower (relative to the full information case), even

if the firm chooses not to export.

Abundance of small exporters: In the Melitz model, there is a fixed cost of exporting that is
the same across firms; the implication is that only the most capable firms in an industry export.
In order to export, firms should be able to generate large enough sales in the export market;
this leads to the discrete jump in size at AX in the top half of Figure 3. Eaton et al. (2011)
find the existence of many small French exporters in the data, which is not consistent with the
Melitz model. One possible explanation has been provided by Arkolakis (2008). He argues
that firms do not face a uniform fixed cost; rather, the fixed cost depends on the number of
consumers reached by the firm. The small exporters observed in the data are firms which are
capable enough to reach the first foreign consumer but not capable enough to reach too many
of them. Consequently, their sales are low.

Our model provides an alternative explanation for the abundance of small exporters in the
data. The young exporters do not need to have high sales in the foreign market to cover some
fixed exporting cost; as discussed earlier, the fixed exporting costs are partly foregone sales
at home. Rather, these exporters need to have low enough sales in period one so as to build
reputation for their product in the foreign market. This mechanism is partly responsible for
the discrete drop in size at AX in the bottom half of Figure 3. Therefore, when looking at a
cross-section of exporters, one would always observe many small firms. These are simply the

young firms who are trying to build reputation.

Exporter dynamics: Our model has implications for how the volume of exports change over
time. In particular, our model predicts that the more capable firms will increase their exports
between periods one and two. Since the quality of exporters is unknown in the first period, the
initial demand facing the more capable exporters is low. But once their true quality is revealed,
the demand for their product rises. Work done on Colombian firms by Eaton et al. (2007) seems

to suggest that indeed there are firms that experience growth in the export markets over time.*

captures the probability of private signals, the demand facing a firm is deterministic by the Law of Large Numbers.
Although some foreign consumers might get a signal that the quality of a variety is —oo, others will know the
true quality. With public signals, however, every consumer has the same belief. Of course, we are assuming that
consumers ignore their private signals, if there are any.

30Rauch and Watson (2004) cite evidence indicating that developed country buyers start small when purchasing
from developing country suppliers and then increase order size as the suppliers’ ability to meet quality is revealed.
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The same study provides evidence that it is much more likely for a firm to export in a particular
period if it has exported in the previous period.>! Our model provides a rationale. The problem
faced by a firm that has already exported is quite different from a firm that has not - the former
has already established a reputation in the foreign market. Hence it is more likely to export
in the future. The dynamic behavior of firms in our model is also consistent with the finding
in Blum et al. (2009) that in a given year, a significant fraction of Chilean exporters are new

exporters who export very little compared to those who have exported for at least a year.

To sum up, despite being quite stylized, our model is consistent with a number of features
in the data. In the next section, we introduce trade intermediaries and examine how their avail-

ability affects the exporting behavior of firms.

5 The Model with Intermediaries

Intermediaries are firms in the destination market (Blum et al., 2009). We assume that there is
a measure M < 1 of intermediaries in each country. Intermediates have ability v distributed
according to an exogenous distribution F'(y) with v € [,7]. Consistent with our assumption
about the information structure, foreign consumers observe the ability of foreign intermediaries.

Each intermediary has access to a screening technology. Using this technology, interme-
diaries can find out whether the output of a firm is of a given quality or not. Let us denote
the cost of screening quality ¢ by a ~y ability intermediary by s(q; ). The cost that a foreign
intermediary incurs on screening is observed by foreign consumers.*> The cost function has the

following properties :

%>O' §<0- %>0- —628
dq " Oy " 0% " g0y

Screening higher quality is more costly. A natural interpretation is that higher quality goods

< 0.

have more attributes or features; hence an intermediary has to incur more effort in order to
test each one of those features. But exerting effort is less costly for more able (higher )
intermediaries. Furthermore, s(q;7y) exhibits the single-crossing property - the cost of screening

higher quality rises slowly for more able intermediaries.

31Similar findings are reported in Roberts and Tybout (1997) and Bernard and Jensen (2004).
32We could relax this assumption by assuming instead that the intermediaries care about their own reputation
which dissuades them from cheating the foreign consumers (Biglaiser and Friedman, 1994).
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5.1 Equilibrium

The equilibrium is characterized by a supplier price schedule p;(q), the price paid by the inter-
mediaries to the suppliers, which every intermediary and home firm takes as given. The home
firms then choose what quality to produce and approach the intermediaries who screen quality
and pay the announced price. We assume that ps(q) is observed by everyone.

Given p;(q), an intermediary chooses the quality of the good that it wants to trade. This
problem can be viewed as a two-stage game. In the second stage, given a quality ¢, an interme-
diary with ability  chooses the final (consumer) price p.(g) to maximize its profit r(q; ):

1

waxr(q:7) = () ~ @) geapl (60~ pola))} — s(a. 7).

where the demand for quality ¢ depends on p.(¢q) and not ps(q). The solution to the above

problem gives the optimal price charged by the intermediary to consumers :

pc(q) =0+ ps(Q) )
Note that the screening cost does not affect p.(q) directly because it is not a per unit cost.

Replacing p.(q) in the intermediary’s profit function yields

r(q;y) = %el’p{éwq -0 —ps(q)} —s(qg,7).

In the first stage, the intermediary chooses ¢ to maximize the above expression. The first-order

condition for this problem is given by

Ips(q) N 9s(q,7)
dq dq

C/ewp{é(% —0—ps(q)} =0. (10)

The left-hand side of the above equation denotes the increase in the cost to the intermediary of
acquiring a good with marginally higher quality. This marginal cost consists of two components
- the change in price paid by the intermediary to the producer and the change in the per unit
screening cost. The right-hand side denotes the increase in revenue coming from the marginal
unit, which is nothing but the marginal willingness to pay for higher quality. In equilibrium, the
intermediary equates the marginal benefit of selling a higher quality variety with the associated

marginal cost.>

33The p,(q) schedule is obtained from an underlying market clearing process where an intermediary with ability
~ posts a price schedule ps(g;); this schedule gives the price that the intermediary is willing to pay to the home
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The home exporter uses an intermediary for a single period.** The exporter takes the price
schedule ps(q) as given and chooses what quality to produce. In doing so, he takes into account
the optimal final price p.(q) charged by the intermediaries, because the amount sold to final

consumers depends on p.(q). Exporter using intermediaries solve the following problem :

B Ly 1 1 30 1 _ _
maxn! (¢; A) = [ps(q)—w(i+e" )] S exp{=(0g—0—ps(q)) }+—=exp{=(0g—o—w(n+e'))}
q C o C o
where we have replaced p.(g) with its optimal value from equation (9). Notice that the price
charged by the exporter in the period two foreign market has the same functional form as in the

last section. The first-order condition with respect to ¢ is given by

(9ps I aps

(G —we" )+ =50 —wiE+ eq[‘k))]ewp{é(é’qf — o —ps(q")}

= 3w — erpl (04 o —wln+e )} (D

where ¢’ is the profit-maximizing quality when a firm chooses to use an intermediary in the
first-period. The above equation implicitly defines ¢. The following lemma establishes some

properties of ¢’.
Lemma 4. ¢’ is increasing in \ and ¢' < ¢P.

Since the final price charged to the consumer, p.(q), includes the cost of screening quality,
producing ¢” while using intermediaries is not optimal any more. Of course, for any firm with
capability )\, by how much ¢’ falls short of ¢” will depend on which intermediary the firm
matches with. As the next lemma shows, there is a monotonic relation between the ability of an

intermediary and the quality of goods that it would like to sell.

Lemma 5. Higher vy intermediaries sell higher quality goods.

firms for each quality level. Observe that for an intermediary with ability ~y, the ps(g;~y) schedules must be the
iso-profit schedules. It can be shown that the iso-profit schedules are inverted U-shaped (See Appendix B for the
proof). For low g, as q rises, the intermediary’s revenue increases faster than the screening cost, holding ps(g; )
constant. Naturally, ps(q; ) must rise to keep the intermediary’s profit unchanged. But for high levels of ¢, as ¢
rises even further, the increase in screening costs dominate the increase in revenues and the intermediary remains
indifferent by lowering ps(q; ). Now, different intermediaries offer to pay different prices to the producers for
each quality. In equilibrium, the intermediary offering the highest price for a particular quality is chosen to
screen that quality, i.e., ps(q) = mwaxps(q; 7). In other words, ps(q) is the upper envelope of the individual

price schedules.
3 Ahn et al. (2010) provide evidence from Ghana where many firms start exporting through intermediaries but
later transition into direct exporting.
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The above result is a direct consequence of the cross-partials of the screening cost s(q, ).
At the margin, a high v intermediary face a smaller increase in cost of screening higher quality.
This allows him to offer a higher price to the producer of higher quality compared to a low

intermediary. The next lemma follows naturally from lemmas 4 and 5.
Lemma 6. There is positive assortative matching (PAM) between \ and .

Once a producer knows ¢’, he chooses maz{r?(¢?), 7% (¢*), 7! (¢')}. Without imposing
further restrictions on the parameter space, it is not possible to characterize the equilibrium
any further. Therefore, as in the previous section, we focus our attention on a perfect sorting
equilibrium, the difference being that now there is a third set - the set of exporters using inter-
mediaries. Let us denote the exporters using intermediaries and those exporting directly by I
exporters and X exporters respectively. As the following proposition shows, the existence of

such an equilibrium depends on the ability of the most able intermediary (7) and the screening

cost, s(q,7).

Proposition 3. For a given range of firm capability |\, N, there exists Yy, and Ymq, such that
Sfor all Vpin <7 < Yimaz and % high enough, there exists a perfect sorting equilibrium where
the most capable firms export directly while firms with intermediate levels of capability export

through intermediaries.

The above proposition says the following : I\;, Ay such that VA € [\, \;] firms only sell

domestically , YA € [A\1, Ag] firms are I exporters while YA € [\y, A] firms are X exporters. The
structure of the equilibrium implies that the following conditions must be satisfied :

where () is the equilibrium matching function between producers and intermediaries, and
7" 2 7 is the intermediary with the lowest ability who can survive in the market. The require-
ment that 7 lie in [Yonin, Ymaez| Warrants some explanation. If 7 is too high, the most capable
exporter would choose to export through intermediaries. On the other hand, if 7 is too low, none
of the exporters might choose to use intermediaries. Note that in an equilibrium with intermedi-
aries, the most able intermediary (%) will always operate since he can offer the highest price to
producers of a given quality. Similarly, if gTQZ is small, every exporter would find it profitable to

use intermediaries. This can be seen on the left-hand side of equation 10. If marginal screening
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cost, =5 rises slowly, intermediaries would be willing to offer a higher price p,(q) to the

producers.

5.2 Characterizing the equilibrium

A possible equilibrium configuration is shown in Figure 5. As displayed by the plot in the
bottom half, there exists two discontinuities in quality as a function of capability. The fall in
quality at \; occurs because ¢/ < ¢ for all \. On the other hand, if the screening cost rises
fast enough with quality, quality jumps up at \o. This counter-intuitive result arises because the
use of intermediaries distorts the choice of quality by exporters. The most capable I exporters
actually pay the intermediaries to signal their quality, i.e., for these producers, p,(q) is negative.
Hence both I and X exporters incur a loss in the first period to signal their quality which ends
up distorting their choice. For a given p, the relative distortion depends on the rate of increase

of as(q ) with quality. Higher is 2 (q”)

, more costly it is to sell high quality variety through the
1ntermed1ary (See Appendix for the formal proof).

Notice how the cost of I exporters compares with that of X exporters. In the literature, in-
termediation is usually modeled as a technology that allows firms to export at a lower fixed cost
but higher per unit costs relative to direct exporters. Our analysis provides a micro-foundation
for such a technology. As discussed in the previous section, the fixed cost of exporting consists
of two components - (a) cost of reputation and (b) opportunity cost of exporting. Although an I
exporter still has to bear the opportunity cost (recall that ¢! < ¢”), it does not have to bear the
reputation cost - the intermediary allows it to signal its quality perfectly. This results in a lower
fixed cost of using intermediaries. On the other hand, there exists a set of exporters for whom
q' < ¢*. Since the period two price in the foreign market is simply o + w(7n + e?7*), if a firm
chooses to be an I exporter rather than a X exporter, it suffers a discrete drop in price - this is
an implicit per unit tax on the firm.

An endogenous intermediation sector also has implications for the period one final con-
sumer price in the foreign market, p.(q), for products sold by I exporters. From equation 9 we
know that p.(q) = o+ps(q). Assuming that p,(q) already includes the mark-up of the producer,
equation 9 suggests that there is double marginalization - products sold through intermediaries
are being “marked up” twice. This feature is also present in the model of Ahn et al. (2010). In
their model, there is a complete pass-through of this extra markup of the intermediary to final
prices. This is a consequence of CES preferences and the fact that intermediation is treated as
a technology. In contrast, the price received by I exporters in our model is given by equation

10 which would typically not be constant across the exporters. Now consider the firms that
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Profit

Non-Exporters

Direct Exporters

Capability

Quality

\\

Capability

Figure 5: Equilibrium profits and quality with intermediaries
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Quality

Quality without
Intermediation

Quality with
Intermediation

\\

Capability

Figure 6: Pre and post-intermediation quality

switch from being domestic to exporting through intermediaries. For these firms, the price they
were charging in the home market before they started exporting was o + 6 4+ wn - a constant.
Hence, the price received by the I exporters in the foreign market is different from what they
were receiving in the home market before the switch - there is incomplete pass-through. Since
this in turn affects the final price paid by consumers, our model has implications for welfare
that may not be apparent if intermediation is treated as an exogenous technology.

The effect of intermediaries on the choice of quality is also interesting. This is shown in
Figure 6. Among the firms that switch to using intermediaries, there are those who initially
served only the home market and those that exported directly. The former set of firms experi-
ence a decline in quality for reasons already discussed. The latter set of firms, however, display
heterogeneous response. Within this set, the less capable firms improve their quality whereas
the more capable ones start producing lower quality goods. Therefore, the standard intuition
that intermediaries, by allowing firms to signal their quality, would lead to improved quality is
not necessarily true.

Figure 6 suggests that every firm that continues to be a X exporter experiences a drop in
quality due to the introduction of intermediaries - there is an “externality”. To understand this
result, note that we have held p, the equilibrium price offered by foreign consumers to the X

exporters, constant. On the other hand, consumers correctly anticipate that the least capable
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Cut-off

Screening cost

Figure 7: Change in cut-offs with respect to screening cost

among the X exporters switch to I exporters following the introduction of intermediaries. Con-
sequently, the expected quality of X exporters, ¢, goes up. This, in turn, raises the first period
demand in the foreign market for varieties produced by the X exporters. With unchanged p, per
unit losses are higher, resulting in the X exporters to reduce quality. One might argue that as ¢
rises, so does p; after all, p is determined on the basis of the foreign consumers’ prior beliefs
about quality of the home exporters. In such a case, whether the quality of X exporters rises or

falls in the presence of intermediaries would depend on the elasticity of p with respect to §.

5.3 Comparative statics

Next, we perform some comparative statics with respect to efficiency of intermediation. The
effectiveness of intermediation depends on two factors: the screening technology and the aver-
age ability of intermediaries. Figure 7 shows how the sorting of firms into different categories
changes as the screening cost changes. As screening becomes cheaper, non-exporters switch
to exporting through intermediaries (this follows from a decline in A;). On the other hand,
counter to intuition, some of the I exporters switch to exporting directly (this follows from a
decline in \;). A constant measure of intermediaries and one-to-one matching implies that there
is a limited supply of intermediation service. With a fall in the screening cost, the demand for

intermediaries rises. As ps(q) starts to fall, the most capable I exporters find it too costly to use
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Cut-off

Average ability of intermediaries

Figure 8: Change in cut-offs with respect to average ability of intermediary

intermediaries and switch into direct exporting.

Figure 8 shows how the sorting of firms into different categories changes as the average
ability of intermediaries change. In terms of our analysis, we change the parameter that governs
the expectation of the ability distribution F'(vy). As the average ability rises, A\, increases while
A1 decreases. As the mass of more able intermediaries increases, competition among them is
intensified. Since the more able intermediaries also buy high quality varieties, p,(q) rises for
high ¢ and falls for low ¢q. The least capable among the X exporters now find it profitable to
export through intermediaries instead. At the same time, some of the least capable I exporters
find that exporting is not feasible any more; they stop exporting. Once again, one of the key
assumptions driving this result is the fixed measure of intermediaries. Notice that although
both lower screening costs and higher average intermediary ability are associated with improved
intermediation technology, the effect on exporters is quite different depending on which of these
parameters is changing. This is another instance of a case where an exogenous intermediation
technology would have produced a different result.

The comparative static exercises are interesting in their own right. But they are also useful
for analyzing how potential exporters might behave as they try to enter markets with different
characteristics. For example, the screening cost could be a function of distance. If it is more

costly to screen goods from countries that are more distant (perhaps because the intermediary
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has to send an individual to the source country to inspect quality), the average capability of
exporters will be higher in destination markets that are further away. Furthermore, the ratio of
firms using intermediaries to firms who export directly will also be higher as the distance to
the destination increases.”> A similar pattern has been uncovered by Ahn et al. (2010) for firms
exporting from China (although they look at intermediaries that operate in China, in contrast to

this paper’s focus on intermediaries in the export market).

6 Conclusion

In this paper, we have presented a framework to think about uncertainty about product qual-
ity in international trade. The basic assumption is that home consumers observe the quality
of home goods perfectly, but foreign consumers do not. As a result, home firms have to es-
tablish reputation about their product in the foreign market. The fixed costs of exporting arise
endogenously in our model due to reputation and the choice of sub-optimal quality in the home
market. We go on to examine the role of trade intermediaries in such a setting and their effect
on the choice of price, quality and exporting decision of firms. Trade intermediaries have a
screening technology whereby they can reveal the true quality of a product. We establish the
existence of an equilibrium where the most capable exporters export directly, while the less ca-
pable exporters export through intermediaries. In such an equilibrium, firms exporting through
intermediaries face a lower fixed cost (they do not need to establish reputation) but have to pay
a higher unit cost. We show that the consequences of introducing trade intermediaries are much
more nuanced compared to what a model with exogenous intermediation technology suggests.

A key parameter of our model is p, the pooled equilibrium price faced by home exporters
in the first period foreign market. Throughout our analysis, we have remained agnostic about
how p is determined. If we believe that p depends on the foreign consumers’ perception of
quality of home firms, then a negative perception, by lowering p, can act as a significant barrier
to entry in the export market. In fact, if the average capability of home firms is not too high
to start with, a low enough p could result in zero exports - even the most capable home firms
would rather sell only at home than incur losses in trying to establish reputation in the foreign
market; accordingly p might remain unchanged or fall even more. Thus, our model suggests a
path dependence in the exporting behavior of firms. This is an important theme that we hope to

examine further in our future work.

33This follows from the result that the mass of I exporters remains constant (because of one-to-one matching)
while the mass of X exporters declines due to a rise in As.
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Given that a large fraction of world trade is being carried out through intermediaries, it is
important that we develop a good understanding of the intermediation sector. This will not only
help us better understand the choices individual exporting firms make but also the pattern of
trade at a more aggregate level. By affecting prices and quality, intermediaries could also have

a large impact on welfare. Clearly, more work needs to be done.
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Appendix A

Proof of Lemma 1: Recall that c(¢”(\);\) = 6 + wkVA. In particular, c(¢”(A\); ) = 0 + wk.
Therefore, if p > 6 + wk, the least capable firm can earn a strictly positive profit in the Foreign market
in period one by choosing quality ¢” ()), which happens to be the optimal quality for the Home market.
Since profit from exporting in period two is always positive, the least capable firm will always choose to
export, violating our condition for a perfect sorting equilibrium.

Proof of Lemma 2: We shall prove the lemma by contradiction. Suppose the off-equilibrium belief is
u(q = ¢'|p > p) = 1 where ¢ > —o0. Choose the firm with capability . Since p < c(¢** (\); \), this
firm is incurring a loss in period one. The firm can choose p = ¢(¢X (\); ) + . Then it earns positive
profit per unit while facing a positive demand (since ¢’ > —o0). Hence, this is a profitable deviation.

Proof of Lemma 3: First consider p — c(¢* (\); \). Suppose u(q = ¢'|p < p) = 1 where ¢/ > 7. We
can always find an exporter with \ such that p > ¢(¢* (\); A). This exporter could charge p = p — e.
His profits per unit would remain almost unchanged while quantity demanded would increase discreetly.
Therefore he has a profitable deviation. On the other hand, suppose 11(q¢ = ¢'|p < p) = 1 where ¢’ < g.
Then the exporter with capability X can charge a price slightly lower than p and reduce his losses. Hence
this cannot be an equilibrium either.

Instead, if p — wk, then every exporter is making a loss in period one. Any downward deviation in
price increases per unit losses and raises demand if (¢ = qm|p < p) = 1. Therefore, p < P is not a
profitable deviation.

Proof of Proposition 1: We shall use the intermediate value theorem to prove part (i). We shall also
prove the result for n — 0. Then, by continuity, the result will go through for n small enough. We

. . . .9 (\) arP(\)
proceed in steps. First, we find the conditions under which a2 o V. Second, we find the

conditions under which 7r)_( (A) < wP(X\) for A = 0. And finally, we find the conditions under which
7X(\) > 7P ()) for A — .

Step 1: From (5), the slope of 72 can be calculated as

orP(\) 26 1 0
£ —Eexp{g(e)\—i—ﬁlog;—a—ﬁ)}.

The slope of 7% can be calculated from (6) as

orX(\)
oA

. Ha 30 1 g—X 1 qX_>\
= w.exp{q )\—i—a}—i—cexp{g(ﬁq o — we )}(Uwe ).

Substituting from the first-order condition and a bit of algebra yields

orX(N) 0q 0
o ety & —1

wed”™ —A
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Therefore, for 7% to be steeper than 72 for all values of A, we need the following :

2 0
— -1
C.emp{%} (weqX”‘ )

1 0

—(ON+0log——0—-6)} <1
exp{ U( + 0log it )} <
A sufficient condition for the above inequality to be satisfied is that

o) 1) <1 (A)

0
- -

weqX_

and
1

C’.ea:p{?}

Inequality (A1) can be re-written as

1
exp{;(ﬂ)\—i—ﬂlogg—a—@)} <1 (A2)

20
X

— A > log(=2=
q > Og(3w)

Now, the LHS of the above inequality is increasing in A (to be shown). Hence, if we can show that this
X
inequality holds for ¢ (0), we are done. For ¢* (0) to be greater than log(%), we must have ‘%T(O) >0

when ¢ = log(%). Now,

orX(0) 6.3 20 20

_ 1 0g
Th}:log(%) = g[aexl){;(e 10%(@) - 3) -1} - 265'32?{;}]

The above expression can be made positive by choosing o small enough, as long as log(%) — 23—9 > 0.

The required condition is

0> gwe% (A3)

Inequality (A2) can be re-written as

1 0 0q
exp{;(ﬁx\ + 6log - O 0)} < C.exp{;q} (A4)

The above inequality essentially puts an upper bound on \. Therefore, as long as (A3) is satisfied and A
X D
is such that (A4) is satisfied, 25,2 > 27 (Ayy

Step 2: We shall proceed by deriving the condition under which 7% (0, ¢*(0)) < 72(0,¢*(0)). Then
the above inequality follows. We first show that if § < %, qX — \is increasing in \. Defining ¢* — \ as
® and replacing in (7), we have

3o

0q 1 1
¢ Ay 7 20 o — we® N (0 — we®)
we exp{a} Cexp{J(G + 0\ — 0 —we )}[0(9 we”)]

Differentiating w.r.t. A and collecting terms,

03. 3 1 dd 3
(] 4 e ® -~ LAVAN Dl . P
[we” exp{ U}—l— CR(we 0(9 we” )?)] o O_CRG(Q we”)
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where R = ezp{1(0® + 60X — 0 — we®)}. For 43 to be positive, we need
0% < [(20 + 1) — we®we?®

for all \. Now, (20 + o) — we® > 0 because we® < we?”~* < 6. Hence, if ® is increasing in A and
the above expression holds for A = 0, then we are done. Because ¢ > 6, we know that,

(20 4 o) — wePJwe® > H2we?®
Hence, if we® > 1 for A = 0, then we are done. In order for this to be true, we need ¢** (0) > log(%).
We have already derived the condition under which ¢ (0) > log(??—g). Hence, if § < 2, our claim that
¢ — \is increasing in \ is true. Now, from (5) and (6), we get the following:

0q we?™ (©)

}

20
w2 (0,4(0)) = 5 eep{— 0wl O

and

X (0. X (0)) — et @ oyt Ay T
w0, (0) = wer Veap( (L

For 70 (0, ¢*(0)) > 7%(0,¢%(0)), we need the following:

—1).

3(0 — weqX(O)) >0

If we can find an upper bound for ¢ (0), then we have a condition. Let this upper bound be 0. For this

to be true, % must be negative at ¢ = 0. The corresponding condition is
1 0 C 0q
- (— -1 < — =
exp{1+%}<w ) 3ewp{a}

The above condition holds for o small enough. Hence, for o small, 4" (0) < 1. Then, for the boundary
condition to be satisfied, we must have
30 —w) >0 (AS5)

Step 3: Conditions under which 7% (\) > 7P (\) for X large enough. We shall show this by deriving
the condition under which there exists a A such that 7% (X, ¢?(\)) > 72 (X, ¢%()\)). Then the above
inequality follows. From (5) and (6), we get the following:

30
—ex

C p{ (GA—Glogg—U—O)}.

0 0q 1
X A D — oy 4 -
00" 0) = —wean( Ty + ¥ ap(
1
exp{— (60X + Olog 9 _ o—0)}.
o w

_20

PP A" ) =

Hence, the required condition is

1 6 6C 0q
exp{;(@)ﬂ—moga —o—0)} > 761’]7{;(]}. (A6)

Since the LHS of the above expression is increasing in A, there exists a A for which the above inequality
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holds. Suppose \ is such that (A6) holds. But we know that A must also satisfy (AS5). Such a  would
existif 1 > g, which we assume is true. We can summarize conditions (A3) and (A4) as

2
3(1— ge%)e > 3(ge% —Dw >0 > 0.

In order to prove part (ii), we note that the result that ¢” is increasing in A follows from equation 4.
To see that ¢ is also increasing in ), differentiate equation 7 with respect to \. Collecting terms, we
have

0 x_y, 1 1 dgX x_y, 1 1
1— = e -1 e e T
(= ) e (0 4 e G = L e A )
As proved later, ¢” > ¢X. Therefore, § = we?” A > we? A, So,if 6 < o, % > 0. Differentiating

the profit function with respect to ¢ and evaluating the derivative at ¢ = ¢”,

arX(\)
dq

1
]q:qp = —w.e:cp{qD — A+ ;(96 -D)}
<0

Therefore, the profit-maximizing quality under exporting, ¢, must be less than ¢”.

Proof of Proposition 2: We have shown that there is a one-to-one relation between \ and sales, ().
Hence we shall prove the result for capability quantiles in stead of size quantiles. We proceed in steps.

Aj+1
Step 1: The j — th p-quantile is defined as [ dG(X\) = p. If G()) is truncated Pareto with shape
Aj
parameter k, then
Ajt1
4G = T[(-) ~ ()"
; Aj A
i

where I' is some constant. Suppose \j1 = A;+h, where h is a constant. Then Z&-T'[(5£)~— (5 '1+1 ) <
J J

0. Hence, h must rise as \; increases. Accordingly, let us define Aj 1 — A\; = h();), R > 0.

Step 2: In equilibrium, it must be the case that for A —; A%, r(¢%;\) < r(¢”; \). We shall prove
this by contradiction. Suppose not. We know that for A close to but greater than \*, m(¢X;\) <
7(qP; \) (since ¢ is the profit-maximizing quality). Therefore, if r(¢%; \) > 7(¢”; \), it must be the
case that ¢(¢X; \) > c(gP; ) so that 7(¢*; \) — c(¢; \) < r(¢P;\) — c(gP; )), i.e., we must have

d(2EY) /dg > 0. Now,

(@A) o+ w(quf)‘ +n)
clg;A)  w(ed” A + )

o
-4
w(e?” A + i)

T(g;\)

=2 falls; we have a contradiction.
c(g;N)

It is clear that as q rises,
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Step 3: From Step 2 it is clear that there is an overlap in the Home sales between young exporters
and non-exporters. But the exporters also earn revenues from the Foreign market. These revenues are
directly proportional to p and can be made as small as possible. As a result, we can get an overlap
in total sales between young exporters and non-exporters. Now, for the full information case, we have
rP(\) = Kexp{Z\}, where K is some constant and 77 is the sales of a firm that sells only in the Home
market. We hypothesize that the Home sales of an exporter, 7, can be similarly written as 7X()\) =
K’ exp{g)\}. Pick the capability of a non-exporter. Let us call this \”. Pick the corresponding capability
level for the exporter, A, such that r?(A\P) = rX(AX). Then it is easy to show that AX = AP + ¢.
From Step 1, we know that A\j 1 = A\; + h(A;). Let us define,

Ge1 =X +h(N)i=D, X
where the subscript ¢ on the function h(.) allows for the function to be different for exporters and non-
exporters. Combining this with our previous observation, we have
AP = AP + P (AP)
X _\D
A =A7 +¢
X X | XX
=P +o+h*X(\P +9)

For any size quantile, the fraction of exporters to non-exporters is then given by

( 1 )n_( 1 )n
AP+ AV ++h X (AP +9)

§ =

1 K 1 K
(?) - (W)

We are interested in how {; changes as )\JD increases. Differentiating £; with respect to AP, and ignoring
a positive constant, we have

dg; 1, 1 . onX 1 1 .
d)\]D - [_()\jD"FCb) 1 ()\]D—I-qb—i-hX()\]D—I—gb)) +1(1+W)][(?) _()\jD—i-hD()\]D)) ]
ey b e P L e ! ]

AP AP +hP(AP) ON TN + ¢ AP+ o+ hX(AP + )

D X . . . .
Suppose %L)\ and %L/\ are small. Then we can ignore these values. Taking Taylor series expansion

around hP = 0,

1 K 1 K 1 k+13p D
N (S VR h

Taking Taylor series expansion around A~ = 0, we have

1 1 1

AJD+¢+hX)H:(AJD+¢)H_“(/\§?+¢

)fi-‘rth

(
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Similarly, we have

1 k+1 1 k+1 _ _~ \k+2p D
—_— =(— +1 h
and ) 1 ]
k+1 Kk+1 k+2p X
—_— =(——— —(k+ 1) (—— h
Srror =hpg) Gy
Replacing the above values in the expression for ;&% and again ignoring a positive constant, we have
J
d¢; 2 Dpx, 1 1, 1k 1 1
—L = + 1)h"h ()Rt (- + —
dAD R+ (AJD+¢) (Af’) ( Mg )\f>
>0
where the second line follows from the fact that X - 3 < A% Therefore, the share of exporters to
J

non-exporters is increasing in capability and hence, size quantiles.

Appendix B

Proof of p;(q;y) being inverted U-shaped: From the intermediary’s first-order condition (10),

0 ds(q,
B 0= P (200 -0l
As g and ps(q;y) increase, there are three effects on 8” = First, (qq'y) increases, which tends to reduce

9ps
dq *
%’;S A sufficient condition for 2 g Ps to decrease with ¢ is that increases at a rate greater than g,
the latter being the rate at which the denominator of the second term on the right-hand side of the above

expression increases with g. Therefore, as long as ps(q;~y) is increasing, aps is falling. Furthermore,

Second, the increase in ps (q' ~v) tends to reduce L. And ﬁnally, the increase in ¢ tends to increase
(q v s

if %%17) — 0 as g — 0, then %—’ZJS > 0. Hence, there exists an interval of q over which pg(q;~y) is
increasing.

We also need to prove that does not become positive for high enough ¢, i.e. we need to prove
that p.(q; ) is quadratic. Suppose not. Then we can find g1, g2, g3 such that ps(q1;7y) = ps(qe;7y) =
ps(g3;7y) and 8p° g =a >0, aq s, =q2 <0, aq |, = g3 > 0. Now, the only thing that changes

between g2 ans q3 is that quality is higher at g3 with no corresponding change in price. Given our earlier

319&

assumption about the rate of change of %‘27) with ¢, this means that M]q 0 < as(q Do - @
contradiction.
Proof of Lemma 4: The slope of 7! at ¢ = ¢” satisfies
on'! Os 1
o (—(0s(g”) = 0) = 1) (A7)

9q =" = 3¢5

For the first part, observe that for a given quality ¢, the price that maximizes final profits is o + we? A,

When ¢ = ¢, this price becomes o + 6. When there are intermediaries, this price must be divided
between the intermediary and the firm. Given that the intermediary bears a positive cost s(g,y), he must
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get a positive share of the price. Otherwise he will make losses and exit. Hence, we must have
ps(qP?) <o +6.

Re-arranging, this becomes
1
—(pa”) -0 < 1.

a—ql|q:qp < 0. Therefore, ¢! < ¢”.
For the second part, differentiate the firm’s first-order condition (11) with respect to A to get

Replacing the above expression in (A7) we have O

dq 1 0%ps Ops A 0?s Ops 1y, 0s 0?ps

Ops 35+ 0 Ops

L _wel ™ _ o _ g2 _ il
10ps  qr-x 03 0%s — o — el A g-x_ 1 a'=X\2
+a( 94 we )<8q + 7% =) — 3exp{ (0q" — o —we? ~) Hwe 0(9 we? =)
1_>\88 1 1 1 I I_y we f=x I_y
= —we? " —( + —) —3exp{—(0q¢ — o —we? ™)} (0 —we? =)
0q 6 — %71:; o o o

The right-hand side of the above equation is negative (. 6 — % > 0 from (10) and 0 — we? > > 0).

Therefore if ; dq > (, the expression within brackets on the left- hand side must be negative too. Then it is
easy to check that the second-order condition of the firm’s profit-maximization problem will be satisfied.
Hence, higher A firms must produce higher quality varieties.

Proof of Lemma 5: Totally differentiating the intermediary’s first-order condition (10), we have

1 Ops.o O%s 0%ps B 0?s
[A;(H 8q) 7% + A( 52q )ldg = 8q87dfy

where A = e:pp{%(@q — 0 — ps(q))}. By assumption, -2 a5 8 < 0. Therefore, if dg > 0, the expression
within the brackets on the left-hand side must be negative. It is easy to check that this implies that the
second-order condition of the intermediary’s profit-maximization problem is satisfied. Hence, we must
have 4 > 0.

dvy

Proof of Proposition 3: After totally differentiating the firm’s first-order condition and collecting terms

aps I I
_wel —A 2
+ Ps—we )gTZ NOW,

involving 2 82 , it can be shown that < 2% is an increasing function of (-2

—wed” ~A

9— 9ps o

there exists 7 such that for ¢ high enough, 3 % < we? ~* and ps < wed =X (this follows from equation
10). Then d/\ can be made as small as p0551ble by choosing a large enough 3 6 5 Differentiating the

equilibrium profit of the X exporter with respect to A,

or! 1 1 1 1
877; = wqu’Agexp{;(qu —o—ps(@)}+ 30569:p{;(9q1 — o —w(n+ eql”))}weqj’*

45



Dasgupta and Mondria Quality Uncertainty and Intermediation

Taking partial differentiation again with respect to A,

0?rl 1 1 1 we?' A

Sy = we! M gleeep( (00" — o = pu(@)} + Beap{ (00" — 0 —w(n " )Y (F_— 1))
I I_

But wqu < wqu * <L Hence, the second term in the above expression is negative and % < 0.

Also, note that % = 88—7;;%\ + %—7&] = %—’f. This follows from the fact that aa—”; = 0 in equilbrium.

Therefore, taking the double derivative of 7/ with respect to A, we have

d*n! _d or!
& " on)
0 orl dq 0°n!
“a o ax Ty
Therefore, d;;g\l < 0if g—/q\ is small enough. It is straightforward to show that this ensures that there exists
a A such that 7/ (A) > 7X () for A < A while 7/ (\) < 7% ()) for A > A.

Proof that if the cost of screening increases sharply with quality, ¢ < ¢X for A\ = \o: Differentiating
7! with respect to ¢ and evaluating at ¢ = ¢, we have

7TI X X
o lomay = (3 = wer™ ) 40 = ) pula¥) = w(+ ™ Meap( 3 (00 — 7 = pula )}
+3(0 — weqX_’\)e:pp{é(HqX —o—w(n+ eqX_’\))}. (A8)

The second term on the right-hand side of the above equation is always positive. But it is a constant
for A = Ay and ¢*. Now, we can choose 7 such that p,(¢~) < w(i + €7 —*). This follows from the
result that the producer with capability Ao matches with the intermediary with ability 7 and that ps(q; )
is inverted U-shaped. Also from the intermediary’s first-order condition (10),

fg; - %gqq’%/mp{;(eq — o — pa())}-

Note that we can make %—; as small as possible by choosing a high enough %2’7). Hence, if %’; is large

enough, the first term on the right-hand side of (A8) becomes negative and can dominate the second
x < 0.

I
term, whereby %Lq lg=q
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