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Abstract

We face uncertainty in most economic decisions we take. This is particularly true
in the case of a firm entering a foreign market where there is uncertainty about the
size of the market, the distribution channels, the adequacy of the firm’s product to
local tastes, etc. Despite its obvious importance, this ingredient appears to have been
largely overlooked by the literature explaining the direction and volume of interna-
tional trade flows. We incorporate this informational uncertainty into a model with
heterogeneous firms similar to the one proposed by Melitz (2003). The model ex-
hibits informational externalities that arise via informational complementarities: in
markets with less uncertainty, the most productive firms always find optimal to en-
ter. Once a firm enters that foreign market, her success/failure reveals information
to other domestic firms who, given the new information, optimally decide whether to
enter. We characterize the conditions under which, given initial entry, informational
externalities are strong enough to reach an equilibrium with full information. The
model delivers an explanation for the recent dynamic evolution of trade flows, at the
intensive margin at the country level and the extensive margin at the firm/product
level. The model also provides insights on the persistence of bilateral trade flows, zero
trade flows, and why we observe empirically more entrance by small firms than the

Melitz model predicts.
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1 Introduction and Literature Review

The recent availability of more disaggregated data on international trade transac-
tions has allowed trade economists to gain a deeper insight into the microeconomics
of trade. A large body of literature (see, for instance, Roberts and Tybout, 1996,
Bernard, Jensen, Redding, and Schott, 2007 and Bernard, Redding, and Schott
2007) have documented that exporting firms are very different from strictly do-
mestic firms: they are larger (both in terms of sales and employment) and more
productive (both in terms of valued added per worker and of total factor productiv-
ity). Trade has also been found to be quite persistent both in terms of the export
status of firms and their trade volumes, as documented, for instance, in Roberts and
Tybout (1997) or Opromolla and Irarrazabal (2006).

Moreover, the large increase in trade volumes we have observed in the recent
decades has taken place mostly on two margins. First, at the intensive margin at the
country level: in the Direction of Trade Statistics data set, over 92% of the increase
in trade volume between 1970 and 2005 has taken place among pairs of countries
that were already trading in 1970. Second, at the extensive margin in terms of firms
or products, as reported by Bernard, Redding, and Schott (2006), among others:
more firms and products are responsible for the increase at the intensive margin at
the country level.!

Parallel to this empirical literature, an emerging theoretical literature has also



why exporters are different than importers, it implies too little entry by smaller
firms than we observe in the data and a ranking of destinations that is at odds with
the data, as pointed out by Eaton, Kortum and Kramarz (2005).3

In an attempt to capture some of this unexplained facts, we build on these models
by introducing an element that has been largely overlooked and which, we argue,
helps account for a significant portion of the stylized facts above: uncertainty. In
principle, there are several ways in which uncertainty could affect a firm’s decision
to start exports to a given foreign market. From the demand side, a firm might
be uncertain about the exact size of demand for its good in the foreign market or
about the adequacy of the product to local tastes. Another source of uncertainty
could come from the supply side as the same firm might also not be fully aware of
the legal requirements for selling its good in that particular market or the cost and
adequacy of supply chains in the given country.

When facing uncertainty, a firm could make use of export promotion offices or
other international promotion activities, or make use of informal networks as empha-
sized by Rauch (1996, 1999), or even make an investment (for instance, performing a
market study) which might reduce the degree of uncertainty and allow for improved
decision-making.* In this paper we emphasize an alternative source of information
about foreign markets that could originate in the observation by a firm of the actions
and successes (or failures) of its rival domestic firms who also attempt breaking into
that market. In other words, we allow for partial (or, in some cases, full) attenua-
tion of the uncertainty through informational externalities from those who have full
information (those that have already entered a given market) to those that do not
(outsiders).

To this end, we build a model that combines a framework of monopolistically
competitive firms which are heterogeneous in their productivity levels as in Melitz
(2003) and we model the decision-making process of firms under uncertainty in a
fashion close to Rob (1991). We abstract from entry and exit by domestic firms
in the domestic market as in Helpman, Melitz, and Rubinstein (2007) and focus
our attention on this firms’ decision to enter new markets. In our setup, firms
breaking into export markets need to pay a known one-time sunk cost as well as an
unknown per-period cost of presence in the foreign markets. After paying the sunk

cost, the firm becomes informed about the true value of the per-period costs and

3These models predict a ranking and a strict ordering in terms of the number of firms serving
each market where the most productive firms serve the most markets and larger markets are served
by the most firms.

4For empirical evaluations of the success of international promotion activities see for instance Le-
derman et al (2006) for export promotion activities, Nitsch (2005) for external visits by government
officials, or Rose (2005) for embassies and consulates.



can decide whether to continue operations in the foreign export market (which will
do if the per-period revenues cover this per-period fixed cost). Prior knowledge of
the per-period cost would allow firms to avoid paying the sunk cost whenever it is
not profitable for them (that is, whenever the investment has negative net present
value). As noted before, we allow firms to get information about this cost from the
observation of the actions of the rest of firms in that particular market. The result is
a learning game with endogenous timing where, if there is entry into a given market,
the most productive firms are the first to attempt entry into the export market while
less productive firms optimally post-pone their entry waiting for more information
about the true value of the cost to be revealed.

Despite considering the effect of entry not only on information but also on indi-
vidual revenues through the general equilibrium effect on price indexes, our frame-
work is simple enough as to allow us to characterize the equilibrium path of entry
using only the general properties of the Melitz model, without any parametrization.
That is, we do not need to solve explicitly for the price indexes, instead, all we need
to characterize the (implicit) path of entry is the properties of those indexes. This
is case because we abstract from strategic interactions through pay-offs, that is, a
firm deciding to enter does not take into account the effect that her entry has on
other firms’ entrance via the effect on their pay-offs.

Our model delivers several implications. A first one is that a large degree of
uncertainty could preclude the existence of trade flows for a given country pair.’
This will be the case in those instances when not even the most productive firm
finds profitable, in expected terms, to break into the foreign export market. On the
other hand, in markets with little uncertainty, the most productive firms always find
it optimal to enter. Once a firm enters that foreign market, her success/failure re-
veals information to other domestic firms who, given the new information, optimally
decide whether to enter. It is, however, possible that entry stops before full infor-
mation about a market is revealed. This is the case whenever the marginal entrant
does not find it profitable to attempt entry given that informational externalities
stop being strong enough to compensate the risk of entering a non-profitable mar-
ket. We characterize the conditions under which, given initial entry, informational
externalities are strong enough to reach a full information equilibrium. Reaching
this full information equilibrium depends, among other variables, on the elasticity of
substitution between products in a given sector: in more elastic sectors the reduced

entrance decreases information externalities, and entry eventually tapers off.

?Segura-Cayuela and Vilarrubia (2008) provide evidence that uncertainty may be an important
ingredient in the formation of trade links.



Information externalities also help explain the existence and persistence of in-
ternational trade flows, as well as the relative importance of the intensive margin
at the country level (since breaking into new markets is subject to uncertainty and
could lead to a waiting game) and of the extensive margin at the product level (since
most of the increase in aggregate trade flows would come from new firms starting
the export on new varieties as they learn from other firms through their actions in
foreign markets). Finally, the model can shed light on why we empirically observe
more entrance by small firms than the Melitz-Chaney model predicts.

Despite its obvious importance, uncertainty appears to have been largely over-
looked by the literature explaining the direction and volume of international trade
flows. An exception is the literature on trade and networks, pioneered by Rauch
(1996, 1999), which emphasizes the role of trade networks across countries in the
presence of uncertainty, and the literature on search for suppliers under uncertainty
started by Rauch and Watson (2003).° We see our framework as complementing
these literatures: first, even without the formation of formal networks, uncertainty,
and the observation of other firms actions in foreign markets can deliver similar
implications for trade flows and, second, firms may not need to start small in new
markets if the actions of others in those markets reveal enough information. There
are also recent contributions on the role of uncertainty on causing hysteresis and
persistence in export markets. Opromolla and Irarrazabal (2006) and Das, Roberts
, and Tybout (2007) are an example of this, but none of them analyze the role
of informational externalities on determining the direction and dynamics of trade
flows. There are well known contributions that address the issue of entry into a
given market under some kind of uncertainty and information externalities, such as
Caplin and Leahy (1993) and (1998), or Rob (1991) but, to the best of our knowl-
edge, nobody has studied these ingredients in an international markets setup or with
heterogeneous agents.

Finally, recent empirical contributions give suggestive evidence that the forces
at work in our framework are present in the data. First, Besedes and Prusa (2006)
show that median duration of trade by product is between 2 and 4 years for US
imports, and more than half of the observations last for only one year, while Berger,
Buono and Fadinger (2007) find that the typical Frech firm changes around 30% of
its export destinations from one year to the other. Both results are consistent with
the presence of uncertainty when entering new export markets which leads firms to

experiment and, indeed, make mistakes. Second, Alvarez, Faruq and Lopez (2007)

See Krautheim (2007) for a recent contribution with endogenous networks within a country, in
the context of the Melitz framework.



show that, for Chilean firms, the more firms enter a given market with a product, the
larger the probability of exporting that product to another market and exporting
more products to that market, while Ilmakunnas and Nurmi (2007) show that for
Finnish firms the probability of a firm entering a given market depends positively on
entry up to the previous period, both results consistent with the story in this paper
which states that informational externalities are important. Lastly, Besedes and
Prusa (2006b) give evidence for US imports that traded homogeneous goods have
smaller duration than differentiated ones. This result is consistent with our result
that more information is released through entry for more differentiated products.

Finally, we manage to build a model that allow us to understand entry under
uncertainty in a simple and tractable fashion. This is important because it allows
us to easily build on it to explore the extensions discussed in the conclusions.

The rest of the paper proceeds as follows. Section 2 describes the general set up,
analyzes the static problem and solves for the dynamics of entry. Section 3 describes
the properties of the equilibrium. Finally, Section 4 concludes and discuss future

extensions.

2 General Setup

We consider a world consisting of J + 1 countries, indexed by j = 0,1,...J where
7 = 0 represents what we indistinctly refer to as the domestic or home country while
we refer to j > 0 as the foreign countries or export markets.

We build on the framework by Melitz (2003) and Chaney (2007) with firms
interacting over several periods. Time is discrete, infinite, and we index it by ¢.
At the beginning of each period, firms make production and pricing decisions and,
at the end of the period, firms outside (who have not entered) the export market
make the decision whether to remain out or enter that market given the information
available to them (to be defined later).

2.1 Consumers

Each country, j, is populated by a continuum of hand-to-mouth representative
agents who have per-period preferences defined over the available set of goods 7,
which consist of an agricultural good A and a bundle of manufacturing goods M,

distributed among S sectors. Each sector s contains an endogenously determined



set of varieties. That is, per-period preferences are given by:’

w] = ¢, +alnd,,, a>0, where (1)
. S . P a:il"u’s S
CjM’t = H [/ 2t (w) e dw] , with Z,us =1, o05s>1, (2)
s=1 weQ% s=1

where x4 (w) represents the quantity consumed of variety w from sector s at time
t, o is the elasticity of substitution between varieties from sector s and it is as-
sumed to be the same for all varieties within a sector regardless of whether they are
domestically produced or imported varieties, c4 is the tradable, homogeneous good
produced using a constant returns to scale technology which requires one unit of la-
bor per unit produced. Consumers are subject to the budget constraint (normalizing
the price of the agricultural good A to 1)
Pg'C]M,t + cil,t =Y/,

where PtJ is the ideal price index of the manufacturing bundle and Y;j is income in
country j at period ¢.

Throughout the paper we assume that demand for the homogeneous good A is
large enough as for each country to produce that good, which allows us to normalize
the wage rate in each country to 1. We also assume this homogeneous good sector
is large enough to accommodate any kind of fluctuations in labor demand coming
from heterogeneous goods producers, which simplifies the dynamic analysis of the
model (that is, we assume that « is not too large). To see this notice that for a

given total income of Ytj in country j, demands for goods A and M are given by

)

N1 .
CM7t=a<Pg> A, =Y —a

Thus, the above assumptions allows us to isolate the manufacturing sector from
income effects arising from entry and exit in that sector that would complicate the
dynamics of the model. In other words, sector A will accommodate any income
shocks to the domestic economy (particularly those coming from creation and de-
struction of firms).®

Consumers are endowed with one unit of labor, which they supply inelastically,

"Hand-to-mouth consumers are introduced to simplify the analysis and to center it on the supply
side of the economy, abstracting from the consumers intertemporal problem. This assumption,
together with the demand structure selected, simplify the dynamic analysis.

8See Pfluger (2004) for a detailed discussion on this demand structure, tipically used on economic
geography models to obtain closed form solutions.



and a single share of a diversified portfolio of all domestic firms. Whatever profits
earned by firms (both domestically and in foreign markets) are completely redistrib-
uted to the consumers in units of the homogeneous good. Given country j’s income,
Ytj , demand for a given heterogeneous variety of sector s in country j is given by:
ﬁi(W)_US'/L s L -

L8 = M) )

st

xit(w) =

where ﬁgt(w) is the price actually paid by country j’s consumers for variety w of

sector s, and stt is the ideal price index of sector s in country j which is defined as:

J —
Pst_

1/(1_05)
] (4)

/ . ﬁit(w)ligs dw
weSY.
st

2.2 Producers, Static Problem

We focus our analysis on the export market and, thus, we do not explicitly model
entry and exit in the domestic market by domestic firms. Instead, we assume that the
domestic side is determined as in the standard Melitz framework and that the needed
regularity conditions are satisfied.” We assume that each sector in each country has
a continuous, but countable, set Ng of firms that produce a differentiated good and
interact in monopolistic competition fashion.

Each individual firm has measure zero and firms are heterogeneous with respect
to their productivity level ¢ which is drawn from the cumulative distribution func-
tion HY (v) with support [fi ,@Z], where @é > ££ > 0. Given our structure, no firm
has an incentive to produce the same variety as another firm which allows us to
simply index firms according to their productivity level (¢). For simplicity, we as-
sume that the distribution and support of productivities are the same in all sectors
and countries, that is, H () with support [p,P]. Furthermore, we assume that each
domestic firm knows the productivity level of every other domestic firm (possibly
from repeated interaction in the domestic market, possibly because the price a firm
charges in the domestic market reveals information about its productivity). Firms

discount future profits at a per-period rate of 5.10

In particular, this is equivalent to assume that there are no fixed or sunk costs of producing at
home or, alternatively, that these costs are small enough that even the least productive domestic
firm find it profitable to enter even when foreign firms enter the domestic market. Thus, in each
market there is always a given set of local firms that may be expanded if there is entry by foreign
firms.

For simplicity, we do not consider the possibility of exogenous death, but it could be easily
incorporated into the analysis-



Firms set their price to maximize their own profits and engage in monopolistic
competition, i.e. when setting their own prices, they do not take into account their
own effect neither on the wage or on the ideal price index of their sector. The
production of one unit of output for a firm with productivity parameter ¢ has a
variable cost of w’//p = 1/¢. Sales in the domestic market are only subject to this
cost. However, when selling abroad, there are three additional costs that firms need

to incur:!!

Transportation cost We assume transportation costs to be of the iceberg kind
and denote them as Tij which represents the number of units that need to be
shipped from country j in order for one unit of good to reach country ¢ in
sector s. Our assumptions regarding the domestic market imply that 7% =1,
9 > 1fori % 5 and we further assume, without loss of generality, that these

costs are symmetric 1.e. 7g¢ = Ts .

Sunk cost There is a known one-time sunk cost that a firm needs to pay in order
gain access the foreign markets. We denote it by ¢ which represents the sunk
cost that a firm in sector s of country j would need to sink in order to be able

to access (sell its good in) country .

Fixed per-period cost We further assume that there is an unknown per-period
fixed cost to the continued presence of a firm of country ¢ in the foreign export
market s in country j which we denote by fs’ with an analogous interpretation

to the sunk cost. The value of this cost is distributed 4.7.d. across markets and
sectors according to the cdf G ( fs ) over the range { fsj ,7”]

s

The presence of fixed and sunk export costs implies that not all domestic firms
are going to necessarily be active in the export market (even if there was perfect
information about their values).!? That is, firms will attempt to enter a foreign
market only if their expected stream of per-period revenues is large enough to cover
both the fixed and the sunk cost.

These assumptions mean to capture the uncertainty that a firm faces when
making the decision on whether to access a foreign market. We assume that the
value of f¥ is revealed to firms that actually access the foreign market (after having
paid ¥ ). This introduces an asymmetry in the information set of firms with a same

origin with respect to a foreign market: entrants into the export market have better

"For evidence on the empirical relevance of fixed and sunk cost see Campa (2004), Roberts et
al. (1996), and Roberts et al. (2007), among others.

12 An implicit assumption here is that, given our discussion in the previous footnote, the costs of
entering a given market is always smaller for local firms than for foreigners.



information than non-entrants. In other words, Spanish firms exporting shoes to
France have better information about the French shoe market than those Spanish
shoe producers that do not export to that country. Furthermore, we assume that,
after having paid ¥ and observing fsij , the firm can costlessly switch off its exporting
operations to country i. When stopping production the firm saves the per-period
fixed cost.

One possible simple, yet realistic, interpretation of this cost structure is that
¢ represents the (sunk) cost of adapting the firm’s production structure to the
possibility of entering export markets while f;j represents the cost of sustaining a
presence export market ¢ for a firm in sector s. For instance, one could interpret
the sunk cost as that of adapting the production process to prepare for exporting
and the fixed cost as that of distributing the good in that foreign market.

The market structure implies that firms’ pricing decisions are such that a firm

in sector s with productivity ¢ charges a domestic price of:

Os

pilp) = (5)

1
o —1 ¢
that is, firms in a sector charge a common and constant markup (that only depends
on the elasticity of substitution with respect to other varieties within the same
sector) over their own marginal cost, given by their productivity ¢.

Notice that the domestic price paid by country j’s consumers differs from the one
paid by consumers in country ¢ because of the existence of iceberg transportation
costs that, in our setup, introduce a wedge between the domestic and foreign price
of any given variety. Thus, the price that a firm in country ¢ charges to consumers

in country j is
Os 1

i) =77 -pllp) =77 - (6)

os—1 ' ;
Given prices, we can compute the per-period export revenues (gross of fixed and

sunk costs) of a firm with productivity ¢ from sector s in country j that sells its

good in country ¢ as:

.o\ 1—0o
. 1 . O Té]
domu (o ) ;

Notice that, r;% (¢) only depends on time (t) exclusively via entry (and exit) into a
sector in a given export markets (i.e. through the general equilibrium effect that
entry of other firms has on the ideal price index). This is the case because of the

demand structure we assume that dampens all interaction among sectors, together

10



with hand-to-mouth consumers which dampens dynamics on demand and the income
devoted to consumption of those goods.
In the next subsection we characterize the dynamic path of entry in export

markets.

2.3 Dynamic Equilibrium

We assume that outsiders only learn from the strict past, that is, decisions about
entry at time ¢ can only be based on observation of actions and market outcomes at
times prior to t. Outsiders can not observe the realized profits (net of fixed costs)
of domestic firms active in the export market but they can observe their actions,
i.e. whether or not they remain active in the export market following entry. These
assumptions amount to assuming that it is hard for a firm to disentangle the exact
net profits of exporting for any given firm but can easily observe its presence and
whether they are active in a given export market.

The particular informational structure in this model requires some discussion.
One potential criticism is that it is unreasonable to assume that the productivity of
firms operating in a foreign market is perfectly well known by outsiders but the same
is not true for the per-period profits of those firms in that market. In fact, one could
argue that profits are much more easily observable than productivities. However, our
assumption is equivalent to assuming that all firms can observe perfectly the output
of all competitors on the domestic market, which allows firms to rationally infer the
productivity levels of their competitors since all other fundamental parameters are
known. What is unknown is the output devoted to the foreign market and therefore
they cannot perfectly infer the fixed cost in the foreign market.

When solving for the equilibrium path of entry into export markets, we focus on
the role of informational externalities which implies not taking into account strategic
complementarities/substitutabilities through payoffs.!® The reason for this assump-
tion is twofold. First, we want to focus our analysis on the role that informational
asymmetries and externalities have in this setup. Secondly, introducing strategic
complementarities and substitutabilities, although certainly interesting, would com-
plicate our analysis beyond the scope of this paper.'* We also abstract from other

strategic considerations such as firms trying to conceal information from outsiders

13This does not mean that firms do not understand the effect of entry on price indexes. But we
abstract from the game theoretical implications of this, that is, a firm does not take into account
the effect that her decision of entry may have on the decision of entry of the rest of firms by affecting
those firms’ revenues.

HM1f we also considered the role of strategic complementarities, the solution would be a dynamic
global game, with heterogeneous agents and endogenous timing.

11



by attempting to conceal their actions.

As we assume that the fixed cost is distributed 4.7.d. across sectors and countries,
a firm in sector s deciding whether to enter market j only cares about entry in that
sector, in that country. Also, we assume firms can only learn from other firms
from the same country, that is, we do not allow Spanish firms trying to export to
France to learn from German firms exporting to that destination, they can only
learn from Spanish firms already exporting there. This is just a simplification and
allowing to learn from those other firms would just speed up the learning process
leaving the main results unchanged. Furthermore, our information structure implies
that the only relevant information for a firm, when making the entry decision, is the
identity of the least productive firm that exported in any period prior to ¢, since this
determines the upper bound for the per-period fixed export cost: if a firm observes
another firm with productivity ¢’ at time ¢ being active in the export market, this
implies that the fixed per-period cost can be at most rz(go’ ) since this firm has
learnt the true value of f Yand it would only choose to remain active if doing so was
profitable (that is, it can cover at least the per-period fix cost, but not necessarily
the sunk cost).

In other words, if a firm is active in the export market, given that ¢ is sunk, it
needs to be the case that per-period revenue is no less than the per-period fixed cost
of being in the export market, 47 < T‘g(ﬁpg), where go?t is the productivity (and
identity) of the least productive firm from country j active in the export market ¢
in sector s at time ¢t. Thus, a firm making the entry decision at time ¢ can infer that
the per-period fixed cost is distributed according to G ( i | fsij < fszg > where:

_GUY)
G(f)

We characterize a stationary (Markovian) equilibrium path of entry in the fashion

G (ro17 < 1)

of Rob (1991). Entry flow at any point in time depends only on the state, which
in this setup is defined by the existing set of firms which are active in the export
market, and the available information about the fixed cost.

In a given period ¢, we define XZSJt as the set of domestic firms active in the export
market, and denote as 63 11 the flow of entrants between ¢ and ¢+1. The equilibrium
is going to be sequential in productivity (more productive firms enter first), which
means that if a firm with a given productivity is active in the export market, all
firms more productive than her should be too This means that it is sufficient to
know the identity of the least productive active exporter in the previous period, 4,0?;,

to characterize x¢;. For the same reason, given ¢}, it is enough to know ¢, to

12



characterize 53 +1-'% Thus from now on we use only goi,]t and gozsjt 41 to characterize
presence and entry into foreign markets.

Notice that, given the observation of other firm’s action in previous periods,
an outsider firm can infer more information regarding the true value of fS” . It is
possible that an outsider observes that some firms that entered the export markets,
are no longer active. More specifically, if she observes that the identity of the last
entrant, @2@ 41 differs from that of the last active firm, c?)?t 41 With associated per
period cost of f’g 41 (and in particular, the last stayer is more productive than
the last entrant), this means that some of the firms that entered decided to stop
producing (had negative per-period profits). When an outsider observes this she
can actually become fully informed about the real size of the fixed cost, which is
equal to that associated with the revenues of the last stayer in that market. In other
words, firms can actually become fully observed about a given market when they
observe mistakes from former entrants to that market.

Thus, at each period t the prior about the distribution of f;j is given by

G(f;j) over {iij,_ij} ift=0
GUN = ¢ (FIF < fl) i fa=Rla <fi,v>0  ®

ij ;
fqt otherwise,

where we use the inferred fixed cost from the break-even condition of producers to
define the Bayesian updating.

We now compute what the best response for an outsider firm is (i.e. that was
not active in the export market) in period ¢ given the behavior followed by the rest
of firms. Given Gy ( fsij > and the strategies of the rest of outsiders, it is easy to char-
acterize what the expected release of new information is going to be in subsequent
periods. The release of information in future periods can occur in two ways. If all
entrants in the current period remain in the export market, an outsider can further
truncate its prior about the distribution of f;j . On the other hand, if some firms
enter the export market and subsequently leave it, the outsider can infer the exact
value of f;j by equating it to the revenue of the last remaining active firm. The
firm can, therefore, optimally decide whether to enter today or wait for the arrival

of this new information given the strategies and actions of the rest of firms.

15We choose to proceed in this way for simplicity. Alternatively we could solve for the equilibrium
without sequentiality and then show that this has to be the case. It is, however, trivial to show
that entry has to be sequential. Because of the properties of W (defined later), if there is initial
entry in period 0, then we have entry of a continuous set of the most productive firms. If this is the
case, in period 1 the same is going to happen in period 2, and so on. See Section 1 on the Appedix
for details.
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Notice that entry not only reveals information but also affects the size of expected
revenues of a firm through its effect on price indexes. Firms rationally anticipate
this, as it is reflected in the revenue function, which is a function of entry through
¢y (in fact, in our setup per-period revenues only depend on entry through the
effect on the price index ). That is, our set up takes into account the general
equilibrium effects that entry has on revenues through its effect on aggregate prices.
As proven below, we do not need to parametrize distributions to fully characterize
price levels and solve for the path of entry. All we need are the general properties
of the revenue function.

From the discussion above, we know that entry will be sequential and, thus, at
time ¢ all outsiders have productivities ¢ < gpg, where cpzs]t is the productivity of the
least productive firm from sector s in country j which is active in export market i
at time ¢. For an outsider to make the decision to enter, she has to find profitable
to enter today instead of waiting for the (potential) release of new information.
Thus, to characterize the flow of entrants today we are searching for the firm that
is indifferent between entering this period and postponing entry for one additional
period.!® We assume that, when indifferent between the two options, a firm decides
to enter.

In what follows we analyze the dynamics of entry for a single sector s in a given
market j, that is, the decision of entering a given export market. As discussed
earlier, given our demand structure and the rest of assumptions, we can do this
safely as dynamics in each sector for each country are independent of the rest of
sectors and countries. Therefore, we drop the sub and super indexes. The dynamics
of the rest of sectors in the rest of foreign markets are analogous.

For later use, allow us to define V¢(yp) (with corresponding per-period revenue
r(¢)) as the net present value of entry that a firm with productivity ¢ would have
under perfect information, given that everybody with non-negative net present value

also decides to enter the foreign market:

V)= Y80 - ) o= 15 () - N - )
t=0

1The value of waiting for n periods before entering trivially falls at a rate of " for firms that
weakly prefer to enter than waiting for one period, and since we know that 8 < 1, for these firms
waiting for any number of periods n > 1 is strictly dominated by waiting for only one period.
The reason is trivial. If waiting for more information until tomorrow does not convince a firm
to wait, waiting for two periods is even less preferred, as less information will be released then.
Thus, in characterizing the optimal equilibrium path we only need to consider those firms which
are deciding between entering today and waiting for one additional period. Of course some firms
may be indifferent between entering today and waiting for two periods, but we do not need to worry
about this case since these firms do not determine the equilibrium path of entry.
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We find convenient to define f(p) = r(¢) — (1 — 5) - ¢, which corresponds to the
maximum fixed cost a firm with productivity ¢ can incur under no uncertainty.
Conversely, we use ¢ = ¢ (f) to denote the productivity (and identity) of the last

firm that would have non-negative profits for a given true value of f, that is

p=r1(f+@Q-p)-0) (10)

For the dynamic analysis we find useful to rewrite the expression for the per-
period gross revenue in a more general fashion. Define gross revenue for a firm with
productivity ¢ (who is outside the export market), given the state variable (the last
level of productivity to enter the export market until ¢, ¢,), and this period’s entry

flow which, given ¢, is captured by ¢, q, as:

re(0) = (@5 1, Pit1)- (11)

Clearly the function 7(; ¢y, ;1) is increasing in the first argument and decreas-
ing in the other two.!” This implies that, if there is inefficient entry (by firms with
productivity below ¢ (f)), gross revenue for those firms is below that under perfect
information. In terms of our model, this means that r(p; ¢, ;1) > r(p) Vo as
long as ;1 > @(f). But as firms only observe actions we may have entry above
this level (that is, less productive firms entering). Furthermore, and as discussed
previously, we may actually observe entry large enough as for some producers to not
even recover the fixed cost, which would cause a decrease in revenues of former en-
trants with positive per-period profits making them reach negative values. For this
reason, allowing these former entrants to stop production that period allows us to
reduce the number of cases to consider when caracterizing the dynamic equilibrium.

We use Ve(p; ¢, ¢;41) to denote the value of entering the foreign markets at
time ¢. Similarly, V*(p; ¢y, ¢y, 1) denotes the value of waiting for one additional
period. We characterize the equilibrium path of entry when information has not
been fully revealed. The entry decision when full information has been revealed is
trivial and entry stops after that point in time. We incorporate this possibility later.

Notice that we abuse notation by using ¢, and fs interchangeably.

" Notice the slight abuse of notation. First, the effect of ¢, and ©;41 On revenues goes through
At, and second, it is enough to know ¢, (total entry up until today) to determine revenues, as what
matters for revenues today is the level of the price index, which is determined by the aggregration
of prices up to o, .
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From the previous discussion, the value of entering in period ¢ is given by:

VE @, 011, €) = 10504, 0001) — Ee(fIf < fi) —c+

By | > B max {0,7(¢; ¢y joprj) — < fi| - (12)

j=1

That is, if a firm enters the export market today, she gets this period’s gross revenues
—1(p; ¢4, Y1) — covers the sunk cost ¢ and the fixed cost which, in expected terms,
is E(f|f < fp) for a given f;. From the next period onwards, the firm knows the
exact value of the per-period fixed cost and earns an infinitely-lived stream of profits
if the fixed cost is below her per-period revenues, or stops producing in the export
market and gets nothing in those periods where the fixed cost is above per-period
revenue (but the firm can not recoup the sunk cost c).

The value of waiting and entering the following period if there is still uncertainty

is given by:

V(i n pras0) = B¢ (pr- B [max {0, T3 [r(0) = fl= e}l fesr < f < F(D}])
+f x ((1 —p1) - Ey iﬁj Bt
p=




given by

G(f) — G (fir1)
G(f) ’

Using this expression, we can rewrite the value of waiting for one additional

pr=Pr(fi <f <filf <fo)=
period as:

G -G
V(e e 41,0 = 1 fﬁ : (f(sD)C);(ft) (etn),

max {0, (r(¢) — (L — B) - ¢ — Ey (f|fir1 < f < f(@))} +

G >
C(ll](c}:)l) - By Zﬁ] -max{0, r(y; <Pt+j»<Pt+j+1) —ft—clf < fima

Jj=1

That is, if a firm decides to wait and all information is released, it will only enter
whenever it is profitable to do so with certainty, f < f(y),or in other words, the
firm enters when it knows with certainty that the net present value of entering is
non-negative. If information does not get fully revealed, the firm will have a simliar
expected pay-off as if it entered today but with better information as it will know
that f < fiy1.

We denote by Wi(p; ¢y, 441, c) the difference between the value of entering and
the value of waiting for one period for a firm with productivity ¢, given the value

of f;.and the (expected) value of fii1,

Wi@; 04, 01415 0) = ViE(© 01, 0111, €) — Vi (01 04, 0411, €) (14)

We can rewrite this function as (see Appendix for details):

G
Wi(@; 015 Pr4150) = 1(0; 01, Ppi1) — E(f|f < fi)—c (1 -3 M)

G(Sot)
B G(ft) = G(fy1)
15T gy AmedOre) -

max{0,(r(¢) — (X —=05)-c— f}|fiv1 < [ < fi],

which is very convenient as the last term is always non-negative.

To characterize the equilibrium we assume:

Olfs — E(f|f < fil >0
O ft -

(Assumption 1)

This assumption is satisfied by most of the common distribution functions. We

17



proceed by stating some properties of Wi(p; ¢y, @411, ).

Lemma 1 8Iév_¢(~) > 0, that is, earlier entry is more attractive the more productive

a firm is.

Proof. See Appendiz m

Lemma 1 just states that entry is always more attractive for more productive
firms. This just follows from the fact that more productive firms can afford larger
fixed costs because they have larger revenues, which implies that the incentives to

wait for the release of additional information is less valuable for them.

Lemma 2 g‘}VTi'l) > 0, that is, the lower the entry flow in the current period, the

larger the incentive of firms for earlier entry into export markets.

Proof. See Appendiz m

Lemma 2 just states that the less information is going to be released in a given
period, the smaller the incentives to wait. That is, if not many firms are going to
enter in a given period, the benefits derived from waiting are small when compared
to entry.
Furthermore, the appendix shows that (OW (:)/0 fi+1) o max{g(fi+1) x (f(¥) — fe+1),0}.
Whenever f(¢) < fi+1, by waiting the firm may ensure a positive net present value.
Thus, reducing f;11 decreases the probability of that happening, which, in turn,
makes entry more attractive. If f(¢) > fiy1, then changing fi11 does not have any
effect on that probability, as the firm is almost certain to have zero net present value

from entry which, in turn, implies that the relative value of entry does not change.

Lemma 3 If fiy1 < fi, and W (115904, 011,¢) = 0, then it must be the case that

W (pis15 Pre1, Pra1,€) > 0.
Proof. See Appendiz m

W (pii1: s Pri1, ) = 0 will be the condition required for entry today up to fii1
(¢441) given entry yesterday up to f; (¢;) (see Proposition 1 for a discussion of this).
Lemma 3 just states that if in period ¢ there was entry up to the firm characterized
by fi4+1 then, in period t + 1, a firm with a slightly lower productivity (the most
productive firm that did not enter in period t) strictly prefers to enter if she is the

only entrant.
Proposition 1 (zero trade flows)
W@, %0=r@-E(f)-c-1-5-G@)>0 (Condition 1)
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s a necessary and sufficient condition for positive trade flows to ewist.

Proof. See Appendiz m

Proposition 1 just states that in order to have entry into a given market, it
has to be profitable to do so at least for the most productive firm if she is the
only one to enter. Notice the difference with what we would have if we did not
consider the option to wait. In that case, the most productive firm would enter
if r(@) > E(f) —c- (1 — ) which means that, when we allow for informational
externalities, firms are more reluctant to enter. The reason is that information is
valuable because it may allow them to save the sunk cost if it is not profitable to
enter and, thus, they only enter if it is profitable enough to compensate for the risk

of making a mistake, which is captured by G(%) for the most productive firm, @.

Proposition 2 (sequential entry) Given r (@) — E(f) —c¢(1 — 8- G(®)) > 0, the
last firm to attempt entry at time t will be the one with productivity © such that
W (s 4, ¢i41,¢) = 0 unless the distribution of priors about f has previously col-
lapsed because of the existence of unsuccessful entrants to the export market. In that

case entry stops. Entry is characterized by the fiz point of that condition,

W (pis15 @rs Pra1,¢) =0 (15)
Proof. See Appendiz m

Thus, the equilibrium sequence of entry is characterized by (15) unless some-
body enters the export market but does not remain active the following period,
that is, someone does not cover the per-period fixed cost. In other words, there
is entry until the true cost is revealed. Analyzing the law of motion defined by
W (i1, 94, @141, ¢) = 0 more closely,

(16)

r(oien o) — BUIf < ) =c- <1 5. G(wtm) |

G(er)

What this equation shows is that in order to be indifferent between entering today
and waiting for an additional period, the cost of waiting (potentially lost revenue
today, r(¢; ¢ 0ir1) — Ei(f|f < fi)) needs to be equal to the expected benefit
from the reduced uncertainty next period. The expected gain from this reduced
uncertainty is just given by the fact that, with some probability, information might
be released, allowing the firm to save the sunk cost in those cases where it would

not have been optimal to enter.
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The last part of the equilibrium characterization consists of establishing whether
it is the case that the equilibrium path of entry always leads to full information. To
see this, notice that the law of motion implies convergence to a productivity level

which we denote by ¢ and that is defined by:!'®

It is obvious that if Ey(f|f < foo) < f, entry is going to stop before full infor-
mation is revealed. The next proposition summarizes the long run properties of the

equilibrium:

Proposition 3 Given r (@) — E(f) — c(1 — 8- G(®)) > 0, there are two types of

equilibria. In the first one (if f < Ey(f|f < f)) the last entrant converges (possibly

not in finite time) to @, defined in (17). In the second case (if f > Ei(f|f < fx0)),

entry stops when one or more firms do not even cover the per period fixed cost.
Proof. In text m

Figure 1 summarizes these 2 cases. The first case, where the productivity of the
last entrant converges to L, reflects those instances where entry does not reveal
enough information (or at a sufficiently fast pace) as to induce outsiders to attempt
entry and sink the cost even when, under perfect information, these outsiders would
have a non-negative net present value of entering into export markets. The other
possibility is the one depicted by the second case, (¢2,), where entry is faster and
only stops due to the existence of unsuccessful entrants and the true value of f being

revealed

18 Convergence follows from the properties of W derived in the Lemmas above.
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f, (@)

f+(1-B)-c

Figure 1
The following corollary summarizes which conditions make it more likely to have

full information being revealed:

Corollary 4 Full information is more likely to be revealed when the demand of the
sector is less elastic, the actual fized cost is large, the tails of the distribution of the

fized cost are thick, and firms are more impatient (that is, the smaller [ is).

The corollary is just a straightforward interpretation of the condition f >
Ei(f|f < fx). The more elastic the demand of a sector is, the smaller the number
of firms that the market can support (everything else being equal) and thus the less
likely the two curves are going to cross. The thicker the tail of the distribution of
f, the more weight firms put on low values of f. Expecting f to be low with high
probability is going to lead to more entry, making it more likely for the two curves
to cross. Finally, the more impatient firms are, the less they value the option of
waiting for more information, which leads to more entry and makes it more likely
that full information will be revealed.

The next section discusses the properties of the equilibrium in more details along

with some additional implications of the model.
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3 Properties of the equilibrium

3.1 Hysteresis and the entrance of small firms

Notice that, when information is fully revealed, by construction some firms have
made a mistake and stay in the market with negative net present value (inclusive
of sunk costs), that is, we have long-run hysteresis. To see this, notice that if
f = El(f|f < fxo) then the long run equilibrium (the last firm to enter and survive
in the foreign market) is given by 7(¢so; Yoo, Poo) = f- Compared to f + c¢(1 — ()
means that we have excesive entry in that market. Although empirically relevant,
we see this as a flaw of our model, a consequence of having discrete time and not
having an exogenous probability of death. We conjecture that with continuous time
we would have still two types of equilibria, one with full information being revealed,
but where there are no mistakes and with convergence to the true cost, as in Caplin
and Leahy (1993). If we were to include exogenous probability of death, those with
negative net present value would wash out over time without encouraging further
entry of firms with similar productivity.

One interesting result is the fact that we can generate an explanation for what
Eaton, Kortum and Kramarz (2005) denote as the failure of the Zip’s Law. These
authors note that in the data we observe too much entrance by small firms than
that predicted by Melitz model. In our model, this could easily be explained by the
option to wait. When deciding to enter, firms take into account not only real costs
but also the option to wait information, which in the data would appear as larger
fixed or sunk costs stoppin entrance. But in the long run, if there is entrance and
learning, entry depends only in the fixed and sunk costs.Thus, one could argue that
a reason why we observe too much entry of smaller firms than the Melitz model
would predict is the fact that in the data we may be attributing to real costs the

option to wait.

3.2 Asymmetric trade flows and "‘contagion' effects

From our framework, and similar to Helpman, Melitz, and Rubinstein (2007), it
is obvious that we can account for the existence of asymmetric trade flows (or,
more concretely, for the asymmetric existence of positive trade flows). As long as
there are different degrees of uncertainty associated with different markets and/or
informational flows are not symmetric between two countries, we would expect to
see these asymmetric flows, even if the true fixed costs are the same.

Also, the model delivers what we have termed as "contagion" effects. Notice

than in the standard Melitz model, because of general equilibrium effects, the more
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firms were present in a given market in previous periods, the less likely a given
firm is going to enter in the present period. This is because the increased size of
exporters puts pressure on production factor markets, namely labor, driving up their
cost and, effectively, reducing the incentives of other firms to engage in exporting
activities. In our model, we have an additional force, that works on the opposite
direction. The more firms are present in a given market, the more information
is released to outsiders, which could potentially overcome the general equilibrium
forces (unfortunately we are silent about the magnitude of this second force relative
to the first one as our structure kills those general equilibrium effects). Whether

this is empirically relevant is something we plan to evaluate in the future.

3.3 A view of the recent history of world trade from our framework

Imagine we are back in the aftermath of WWII, traditional trade routes and relations
have been largely disrupted and assume that no country is trading with each other.
Which trade flows would our model predict?

Countries would start trading with other countries and in sectors for which
they have better information. Once these links have been formed, no more trading

partners and/or sectors would be added to those flows unless new information comes



5 Conclusions and extensions

In this paper we have emphasized an element that has been largely overlooked in the
international trade literature, uncertainty. We build a setup based on the current
workhorse model of international trade — the Melitz model — where firms are faced
with uncertainty and informational externalities when breaking into foreign export
markets. We have shown that such a simple modification helps explain some of the
not so well understood facts present in the data. Uncertainty and learning from
the actions of others (informational externalities) may be an important ingredient
in understanding the persistence of trade volumes (or the lack of them), why too
many small firms enter export markets, and, more importantly, the recent dynamic
evolution of the relative importance of the extensive and intensive margins, both at
the country and the firm/product level.

It is important to point out that in this paper we have abstracted from several
interesting issues. This was deliberate, as another purpose of this paper, which we
beleive we have acomplished, was to build a simple framework that would allow us
to easily build upon it. The model is simple enough that can be solved using the
general properties of the Melitz model without any parametrization. Among other
things, we have abstracted from correlated costs across sectors and/or countries. In
the future, we plan to study the dynamics of entry once informational externalities
cross the country-sector dimension, that is, when information about a sector in a
given country may help learning about the same sector in other countries or other
sectors in the same country. This framework might also help us gain new insights
in the export vs. FDI decision, especially if we view it as a potentially sequential
process (instead of as a dichotomy) where learning through exporting may be the
previous step to engaging in FDI.

Another application might lay in studying the importance that private informa-
tion plays in multiproduct firms and whether this is an explanation for the fact that
these firms enter more markets per product than single product firms. This setup
also seems well-suited to understand FDI flows since the decision to setup a foreign
subsidiary might be subject to the same uncertainties that we have emphasized in
this model. Also, most of the uncertainty about new markets may have a lot to do
with institutional ingredients. In this matter this framework may help shed some

light on the recent debate on the impact of institutions on international trade and
FDIL
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6 Theory Appendix

6.1 Proof that the Equilibrium is Sequential in Productivities

In a given period t define as y; as the set of domestic firms active in the export
market, and denote as d;4+1 as the flow of entrants between ¢ and ¢ + 1, and lets not
restrict the identity of those already in the market and those that will enter today

to be continuous in productivity. In this case

Wi(ps Xt 0t+1,¢) = V(@3 X5 01415 €) — Vi3 Xt 41, €),

where this expressions can be found by replacing ¢; and ¢, 1 by x; and 0441 respec-
tively on the main text. It is straightforward to check that it is still the case that

8Wt(90’ Xt 5t+17 C)/a(p > 0.



rewrite Vi€(p, ¢y, ¢i41,¢) (after some algebra) as:

VE(, @1, 011, €) = 10504, 0001) — Ee(fIf < fi) —c+

f_ G- G(ftH)Et [max{0,r(p) — f}fer1 < f < fil +

1-6 G (f1)
G >
GSJ(%J;:)I) E; ;ﬁy max{0, r(y; Piij got+j+1) — fHf < ft+1]

Now it is easy to see that

-G
Wi o1, 011150 = 1(0i 9 or4) = B(fIf < f) — e <1 f ngp;j)l)>
B8 G(f) — G(fi+1)
g ) Eymax{0,r(p) — f}—

max{0, (r(¢) = (1 = B) - c = f}|feys < f < fil,

which is the expression on the main text.

6.3 Proof of Lemma 1

We take the derivative of the W (-) with respect to 7(¢; ¢, ¢;11) and use the fact
that Or(g; ¢, 0i41)/0p > 0, which implies that sign (OW(-)/0r(p; ¢r, 0141)) =
sign (OW (-)/0¢). This yields, after rearranging terms,

aL(‘):]_+
8T(‘P7'7')
B0
1_B 87‘(307’7')

Notice that max{0, dr(y,-,-) — f} > max{0, (9r(p,,-) — (L — B) - c— f} which
immediately implies that OW (-)/0r(yp,-,-) > 0. Q.E.D.

B GU)=G(firn)
1-8 G (/1)

Ei[max{0,r(¢)—f}—max{0, (r(¥) = (L = B) - ¢ = f} | fiy1 < f < fil-

6.4 Proof of Lemma 2

Taking the derivative of W (+) with respect to f;11 and after rearranging terms it is
straightforward to check that
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<5W(‘)> _ Or(p, ) +Bg(ft+1)c+
Ofiv1 Ofi41 G (ft)

Ey[max{0, r(¢) = fis1} — max{0,(r(p) — (1= B) - ¢ — frq1}

1-8

Notice that dr(p,-,-)/dfi+1 > 0 (less entry increases profits today). Also, the
third term is trivially positive as it is the expectation of a positive number (the first
max is always larger than the second). This completes the proof.

Q.E.D.

6.5 Proof of Lemma 3

Notice that the last term of W(p; @11, 9. 1,¢) cancels out for ¢ = ¢, 1,

G
W(@ri1: P11 Pei150) = 1(0ps15 06, 0111) — Ee(fIf < frae1) — ¢ <1 - 5%) .
t
Adding and substracting E.(f|f < fi) we get
G
W(Cﬂt+1i Pt+1> 90t+170) = T(80t+1i Pts <Pt+1) - Et(f|f <fi)—c <1 - ﬁ%) -
t

Ey(f|f < firr) + Ee(fIf < f1) — BEe(fIf < fir1),

which because of Condition (16) simplifies to

W(%H; 90t+1a<ﬂt+1ac) =E(f|f < fi) — E(f|f < fiy1) > 0.

Q.E.D.

6.6 Proof of Proposition 1

Straightforward. To have entry in period 0 we need that the value of entry relative
to waiting for the most productive firm, if he was the only firm to enter, is positive,
that is Wi(@,9,%,¢) =7 (@, %, %) — E (f)—c(1—Bc(1—-5G(®))) > 0, which replacing
by its expression translates into Condition 1 in the main text.. Thus, at least firm @
enters the export market if the condition is satisfied. If Condition 1 is not satisfied,

Lemma 1 ensures that nobody enters.
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6.7 Proof of Proposition 2

We know from Proposition 1 that at least the top firm enters in period 1 if Condition
1 is satisfied. By continuity of the function W(p; ¢, ¢;41,¢) on both ¢ and ¢4
and Lemma 1 and 2, there exist a firm ; such that W(p;; ¢, ©1,¢) = 0 and
W(p; po, p1,¢) > 0 for all ¢ > p; (and increasing in ) which implies that all these
firms enter the market. Now in period 2 two things can happen. Uncertainty can
be completely lifted and we reach an equilibrium in which the last entrant is given
by W(e1; g, ¢1,¢) = 0, where the last firm that will produce will have productivity
equal to ¢, if there was no mistake, or it will be the ¢ such that r(p) > f if
there were mistakes. On the other hand, if uncertainty is not completely lifted
and we had entry up to a level ¢, given by the condition above, by Lemma 3 we
know that W (py; @1, ¢1,¢) > 0, which implies that the marginal firm that did not
enter yesterday wants to enter today. This condition in period 2 is equivalent to
Condition 1 for the first period, which implies that the reasoning done in that case
goes through also now. This keeps going until entry hits the real value of the fixed
cost. Q.E.D.
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