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Abstract

New exporters add and drop products with much greater frequency than old ex-
porters. This paper rationalizes this behavior with a model of demand learning in which
an exporter’s profitability on the demand side is determined by a time-invariant firm-
destination appeal index, and transient firm-destination-year preference shocks. New
exporters must learn about their appeal indices in the presence of these shocks, and
respond to fluctuations in demand by adding and dropping products more frequently
than older exporters because they have less information about their attractiveness
to consumers. Calibrated to match cross-section distribution of sales and scope, the
model quantitatively accounts for the contribution of the extensive margins to aggre-
gate Brazilian exports. The model predicts that in response to a decline in trade costs,
existing exporters add new products and new exporters enter a destination. Coun-
terfactual implies that the contribution of product adding to export growth resulting
from trade liberalization is three times larger than the contribution of exporter entry.
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1 Introduction

Product-switching is widespread and economically important, and yet relatively little is
known about how firms make product-switching decisions and how these decisions are af-
fected by the firms’ experiences. This paper rationalizes product-switching behavior with
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a model of demand learning, and demonstrates that this model provides a quantitatively
appealing framework for policy analysis.

Product adding and dropping (product switching) is a substantial channel of microeco-
nomic and macroeconomic adjustment in the economy, as was first argued in Bernard, Red-
ding, and Schott (2010), and a large proportion of firms is engaged in product switching.!
These firms adjust by adding and dropping products in response to changes in competition,
regulations, trade costs and exchange rates. Such changes have been shown to translate
into substantial productivity adjustments at firm level as well as at aggregate level, and to
account extensively for the changes in traded volumes.?

Using an extensive data set on Brazilian exporters, I find that new exporters engage in
substantially more product adding and dropping than old ones. The proportion of recently
introduced products, and the share of exports arising from those new products, decline as
the duration of export experience rises. An experienced exporter with a given value of export
sales will derive a smaller share of its sales from new products and will add fewer products
than a younger exporter with the same value of export sales. As I argue in this paper,
the observed age dependence of product switching naturally arises from a model of demand
learning.

In the model, a firm’s profitability in a product in a given year depends on firm-product,
firm-destination, and firm characteristics. On the supply side, a particular product’s pro-
ductivity is a function of firm “ability” and firm-product efficiency. On the demand side,
a product’s attractiveness in a particular export destination is determined by the firm-
destination “appeal” as well as by transient firm-destination-year preference shocks. While
productivity parameters are known to the firm upon entry, new firms must learn about the
appeal of their brand in the presence of these shocks. A key insight of the model is that
this learning leads to differential product-switching behavior among new and old firms: new
firms respond to fluctuations in demand by adding and dropping products more frequently
than older firms because they have less information about their attractiveness to consumers.

The model of demand learning is quantitatively consistent with the margins of export
sales. Calibrated to match cross-sectional statistics on the export-sales and export-scope
distributions of Brazilian exporters, the model predicts that exporter-turnover and product-
switching margins are equally important in explaining aggregate Brazilian exports, as borne
out in the data. Thus, a model of demand learning provides not only a solid rationalization
for product-switching behavior, but also a quantitatively appealing framework for policy
analysis, in particular for trade liberalizations.

The model yields striking quantitative implications regarding the role of product-switching
and exporter-turnover margins in explaining the growth in exports resulting from a decline
in trade costs. In response to a decline in trade costs, the model predicts that existing
exporters will adjust by adding new products, and new exporters will react by entering a
destination. In a counterfactual simulation of a bilateral trade liberalization, the calibrated
model predicts that product adding contributes three times more than exporter entry does

For example, see Bernard, Redding, and Schott (2010); Iacovone and Javorcik (2010). An exception to
this literature is the work by Goldberg, Khandelwal, Pavenik, and Topalova (2010b) where widespread prod-
uct adding and infrequent product dropping among Indian firms were driven by heavy industrial regulations.

2Bernard, Redding, and Schott (2010, 2011); Goldberg, Khandelwal, Pavenik, and Topalova (2010a,b);
Gopinath and Neiman (2011)



to growth in export sales.

The choice to model learning on the demand side rather than the cost side, is motivated
by the data on the evolution of a plant’s physical productivity versus plant-level demand
shock, analyzed by Foster, Haltiwanger, and Syverson (2008). On the one hand, the authors
find that there is no substantial difference in physical productivity (measured as output
per unit of input) across plants of different ages. In my model, a plant is equivalent to a
firm. Thus, I assume that a firm’s productivity level, referred to as the firm’s “ability”,
stays constant throughout the firm’s life-cycle. On the other hand, the authors find that
the plant’s demand shock is lower for younger plants than for the older ones. An increase
in the demand component through the firm’s life cycle suggests the possibility of learning
occurring on the demand side.

Demand learning is not the only way to generate product switching among exporters,
or among firms in general. Such behavior can be generated from a model with random
productivity and demand shocks, as shown in the model of Bernard, Redding, and Schott
(2010). In their model, product-specific demand shocks yield individual product adding and
dropping, while productivity-specific shocks yield expansion or contraction of the range of
products produced by a firm. A framework with random shocks, however, cannot deliver the
age dependence of product switching conditional on size, which is the focus of this paper.?

This paper complements the line of research analyzing the role of a firm’s age in its
growth and expansion. The age dependence of the firm’s growth rate conditional on size is a
well documented fact (Evans, 1987), and this relationship can partially be accounted for by
a decline in the frequency of product switching as firms age in the market, as suggested by
the empirical finding of this paper. Arkolakis and Papageorgiou (2010) argue that a model
with demand learning can predict the negative relation between the growth rate of a firm
and its age conditional on size. I apply a similar concept of demand learning, but use it to
analyze the age dependence of product-switching behavior.

While previous papers have focused on testing qualitative implications of an assumed
learning mechanism (Albornoz, Pardo, Corcos, and Ornelas, 2011; Timoshenko, 2010), an
important contribution of this paper lies in demonstrating that a model with demand learning
performs well quantitatively. Some reduced-form quantitative evidence has been suggested in
work by Ruhl and Willis (2008), in which the authors assume a deterministic learning process
and demonstrate that such an assumption is helpful in predicting an increasing survival rate
of exporters. However, in contrast to this earlier work, I incorporate an endogenous demand
learning mechanism into a general equilibrium setup, and perform a quantitative evaluation
of the learning model.

The paper will proceed as follows. In Section 2, I briefly present the data and document
the patterns that motivate the theoretical analysis. In Section 3, I develop a model of de-
mand learning and product choice, and study the model’s implications for product-switching
behavior. In Section 4, I perform a quantitative evaluation of the model. Section 5 presents
the conclusions. All proofs are relegated to Appendix E.

3In the context of a model where a firm is associated with a single product, Arkolakis (2010) shows that
age dependence of a firm’s growth rate conditional on size cannot be generated from a model with random
productivity evolution.



2 Empirical Trends

This section provides evidence on the importance of product-switching behavior in the con-
text of Brazilian export data. The section also demonstrates how this behavior is affected
by a firm’s experience. First, I show that the contribution of product-switching margin
is at least as large as the contribution of exporter-turnover margin in predicting the level
and growth of Brazilian exports. Second, I show that, conditional on size, the share of
added products and the share of export sales from added products decline with exporters’
experience in a market.

2.1 Data

I use export sales data that come from customs declarations for merchandise exports by
Brazilian exporters collected at SECEX (Secretaria de Comercio Exterior).* Tt is a four-
dimensional panel data set for the period between 1990 and 2001, arranged by firm, product,
destination and year. The data are reported in current USA dollars. Where appropriate, |
convert exports into real terms (2001 USA dollars) using the annual USA consumer price
index from the International Monetary Fund.

A product corresponds to a six-digit Harmonized Tariff System (HS) code.” I restrict the
sample to include solely exports in manufacturing products, which results in a total of 4,637
products exported by Brazil between 1990 and 2001. Exports in manufacturing products
comprise on average 91 percent of total Brazilian exports in a given year; on average 92
percent of exporters in a given year export at least one manufacturing product. Over the
period 1990-2001, Brazilian manufacturing products have been exported to 240 destinations.

2.2 Extensive Margins of Brazilian Exports

The contribution of sales from new products by incumbent exporters is at least as large as the
contribution of sales from new exporters in explaining the level of Brazilian exports, as can
be seen from Table 1. In a given year, 4.4 percent of total Brazilian manufacturing exports
arise from products introduced by incumbent exporters, that is, firms that exported in the
previous and current year (third column of Table 1). The new-exporter margin amounts
to a half of that quantity. Only 2.6 percent of total Brazilian manufacturing exports are
accounted for by new entrants, that is, firms that began exporting in the current period.

A similar pattern emerges when we look at the level of exports to a particular destination
(columns one and two of Table 1). For example, 4.5 percent of Brazilian manufacturing
exports to the US, Brazil’s top export destination, are generated by incumbent exporters
introducing new products to the US. The new-exporter margin computed for exports to the
US market is not as small as the margin computed for total Brazilian manufacturing exports,
yet it remains below the new-product margin.

4For detailed description of the data set refer to Molinaz and Muendler (2009)

5The original data are reported at the eight-digit level, of which the first six digits correspond to the first
six digits of the HS classification. To make the results comparable to other data sets, I aggregate the data
to the six-digit HS level: six-digit HS codes are standardized across countries.



2.3 DMargins of Brazilian Exports Growth

The role of product-switching margin versus exporter-turnover margin is even more pro-
nounced in explaining the growth in Brazilian exports than it is in explaining the level of
exports. Nearly 40 percent of the annual growth in Brazilian manufacturing exports arises
from the product-switching margin, as can be seen from the third column of Table 2. The
exporter-turnover margin, meanwhile, accounts for less than 15 percent of the annual growth
in exports.

When we consider Brazilian exports to the individual destinations of Argentina and the
US, the product-switching margin and the exporter-turnover margin are equally important
in explaining the growth in export sales. Each margin accounts for 15 to 20 percent of the
growth in annual export sales, as can be inferred from the first and second columns of Table
2.

2.4 Fraction of Sales from New Products

The sample mean of the intra-firm extensive margin is 20.0 percent, as shown in the third
column of Table 3. An average surviving exporter derives 20.0 percent of its total export
sales from newly added products. The magnitude of the margin is similar when computed
for individual export destinations. For example, firms that export to the US derive 18.4
percent of exports to the US from the products they introduced into the US in a given year
(second column of Table 3).

The magnitude of the intra-firm extensive margin varies among firms of different export
ages. The export age is defined as the number of consecutive years a firm is observed
exporting a positive amount of at least one good. While firms with two years of exporting
derive 27.1 percent of sales from new goods, firms with 5 years of experience derive 14.3
percent of sales from new goods (third column in Table 4). A similar pattern emerges
within individual destinations. Firms that have exported to the US for two years derive 24.6
percent of their US sales from products which are new to this destination, while firms that
have exported for 5 years derive 12.7 percent of their sales from new products. Overall, the
magnitude of the intra-firm extensive margin gradually declines with the firm’s export age,
suggesting that exporters are engaged in product switching less actively as they export for
a longer period of time.

Results from the ordinary least squares (OLS) regression of the intra-firm extensive mar-
gin on export age and the logarithm of export sales confirm that the observed relation
between the margin and the age is not a statistical artifact. One might explain the results
in Table 4 by growth in sales of surviving firms. If a firm introduces on average the same
number of products per year, sales from new products will account for less and less of total
export sales as total firm’s sales grow. In such a case the decline in the intra-firm extensive
margin is not an indicator of less intense product switching. Thus, in order to claim that
the intensity of product switching declines as export experience increases, it is important
to control for the firm’s total export sales. This is achieved in the above OLS regression
by the inclusion of the logarithm of the firm’s sales as a control variable. Controlling for
the firm’s total sales, the effect of export age on the intra-firm extensive margin remains
negative and statistically significant (column (2) in Table 5). The result is preserved both



at the aggregate (column (2)) and destination (column (4)) levels, confirming the conjecture
that, conditional on sales, the longer a firm exports, the smaller is the fraction of export
sales from new products.

2.5 Fraction of New Products

The fact that intensity of product switching declines with export experience can also be
observed in the behavior of the share of new/added products, that is, the percentage of
currently exported products a firm added between two consecutive periods. On average,
close to one-third of products exported to the world by a Brazilian firm are newly added
products (third column of Table 6).

The fraction of newly added products varies with the duration of a firm’s export expe-
rience. In a firm that became an exporter a year ago, 36.1 percent of current products are
newly added, while in a firm with five years of export experience, 26.3 percent of current
product are new (third column in Table 7). The statistic seems to decline as export age rises
for both young and old exporters, while it appears to be constant in the mid-range of export
age. The statistic shows a much stronger declining pattern in age when only a subsample of
those exporters that add a positive number of products in a given year is considered (sixth
column in Table 7). A similar pattern exists within individual destinations.

Results from OLS regression of the fraction of new products on the export age and
the logarithm of export sales (see Table 8) confirm that the observed relation between the
fraction and the age is not a statistical artifact.

In the next section I will describe a model of product-switching behavior that is consistent
with the observed patterns.

3 The Model

This section describes a model of learning with product switching, and discusses the model’s
implications for firms’ quantity, scope, and market-participation decisions. The model is
built on two key assumptions: Jovanovic’s (1982) assumption of demand learning, and the
assumption of product ordering in Arkolakis and Muendler (2010). The two assumptions are
incorporated into Melitz’s (2003) monopolistic competition framework with heterogeneous
firms.

The world consists of N +1 countries. Time is discrete, and is denoted by ¢. Firms decide
whether to enter or exit a particular market, how many products to sell in that market (scope
decision), and in what quantities to sell those products (scale decision). A firm’s products
are faced with a demand shock in a given market, and the firm must make quantity and
scope decisions before observing the shock. After the decisions are made, prices adjust to
clear the markets and the firm infers its demand shock from the market clearing price. The
firm makes quantity and scope decisions based on expectations about current demand shock,
and these expectations are formed based on the mean and number of previously observed
demand shocks. Products are imperfect substitutes.



3.1 Preferences and Demand

Each country j is populated with a measure L; of infinitely-lived identical consumers. The
preferences of a representative consumer in country j are given by the Dixit and Stiglitz
(1977) constant elasticity of substitution (CES) utility function over consumption of the
composite good C};
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where (3 is the discount factor. Consumption of the composite good C; takes the CES form

g
o—1

N+1 1 .
Cjt _ <Z/ (eajt(w)) 4 Cjt(w)wa> ,
i=1 7/

ijt

where €2;;; is the mass of products (both imported and domestic) available for consumption
in country j imported from country ¢ in period t; ¢;(w) is the consumption of a product
w € €, in country j. o is the elasticity of substitution between products. a;,(w) is a demand
shock for product w in country j.

Every product w is offered in G;(w) differentiated varieties, thus c;i(w) is a product
composite index which also takes the CES form
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g indexes varieties within product w; ¢4 (w) is the consumption of variety g of product w in
country j.

Aggregate price index Pj; associated with the consumption of the composite good C}; is
given by
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where pj,(w) is the price of variety g of product w in country j.

A consumer is endowed with one unit of labor that he inelastically supplies to the market.
A consumer receives wage wj; per unit of labor and owns a share of domestic firms. Given
prices p;q(w) and income, the level of ¢;4(w) is chosen to minimize the cost of acquiring C},
yielding demand equation
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where Yj; is the aggregate spending level defined as the sum of total labor income, wj;L;,
and profits of domestic firms, Il Yj = wj L; + 115
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3.2 Production

At any point in time t there exists a continuum of firms. Upon entry, a firm is associated
with a brand name, product w (hereafter called brand), which becomes globally unique.
Within its own brand, a firm can produce differentiated varieties of its product (hereafter
called just products).

Firms differ in their ability level ¢ to produce products within their brand. All else being
equal, a firm with a greater ability is able to produce each of its products at a lower cost
than a less able firm.

There are two additional components that influence the profitability of a firm’s products.
First, a component that is product specific but the same across destinations and time, a
product-specific productivity ¢,. Second, a component common across products within a
firm but different across destinations and time, a destination-specific demand shock a;;.

The destination demand shock is given by the sum of two components: time-invariant
brand appeal index 6;, and an inter-temporal preference shock €;;. The brand appeal index
in a given destination is drawn from a normal distribution with mean 6, and variance o2.
The inter-temporal preference shock is drawn from a normal distribution with zero mean
and variance 2. The shocks are independently and identically distributed over time.

The brand appeal index is not known to the firm: before entering a market, a firm does
not know how well perceived its product is going to be in that market. As the firm continues
to supply the market, the appeal index is subject to inter-temporal preference shocks. Thus,
a firm never observes its own appeal index, but must learn about it by observing demand
shocks.

One of the simplifying assumptions I introduce in my analysis is the independence of the
draws of the firm’s appeal index across destinations. An alternative formulation that allows
draws of the appeal index to be correlated across destinations is proposed in Albornoz,
Pardo, Corcos, and Ornelas (2011) and also in Defevery, Heidz, and Larchx (2010) and
Nguyen (2011). This modeling approach is essential for the analysis of exporters’ sequential
market-entry patterns, which is pursued in the aforementioned papers. Since the goal of this
paper is to characterize product switching in a given destination conditional on entry, the
assumption of correlated draws is not crucial to my analysis.

The level of current demand shock aj; is not known to the firm at the time of making
production decisions. Thus, the firm bases its decisions on its belief about the appeal index
and, subsequently, about the demand shock.

Before entry into a market, a firm does not have any information regarding the appeal
index and thus its prior belief about the appeal index is given by the distribution from which
0; is initially drawn.

Upon observing n demand shocks that yield mean a;, the posterior distribution regarding
the appeal index is given by the normal distribution with mean 4, ; and variance v2 (DeGroot,
2004) where
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Firms from country ¢ face fixed costs of supplying market j, F;;(G), which reflect adver-
tising and marketing costs, costs associated with complying with regulatory standards, and
market-research costs. These fixed costs increase with the number of products produced G
(scope), yet there might be either economies or diseconomies of scope. Bernard, Redding,
and Schott (2010) assume the fixed costs to be linear in scope, yet Arkolakis and Muendler
(2010) estimate the incremental fixed costs to be increasing in scope. I am going to allow a

fixed-cost structure that can potentially encompass all possible cases. Let F;;(G) be given
by

G
Fy(G)=fi; ¥ 9"
g=1

Since the incremental fixed costs are not constant, the decisions to export individual
products are not independent across each other (as is true in the model of Bernard, Redding,
and Schott (2010), for example). Thus, a firm will order products from the most to the least
productive and will continue to add products until the variable profit from the marginal
product is at least as large as the incremental fixed cost associated with it.

It is convenient to relabel products a firm can produce according to their efficiency in
relation to each other. Let the subscript g on the product’s productivity ¢, refer to the
productivity rank of a product within the firm. g = 1 refers to a product a firm produces
with the highest efficiency. As we move to lower ranks, the efficiency declines.

Further, the firm’s ability ¢ influences ¢, to the extent that ¢, is increasing in @, reflecting
the fact that abler firms can produce all products with greater efficiency. Thus, productivities
¢, have to satisfy two properties: be increasing in ¢, and be decreasing in g. Following
Arkolakis and Muendler (2010), I am going to assume that ¢, takes functional form ¢, = g%,
where o > 0.

All products are subject to the iceberg transportation cost 7;;. 7;; units of a good must
be shipped from country ¢ to j in order for one unit to arrive at destination j. For i # j
Ti; > 1, reflecting the fact that is it costly to ship products abroad. I further assume that
in the home country firms do not face additional transportation costs beyond variable and
fixed costs of production, 7;; = 1.

Conditional on entry into a market, firms choose the quantity of every good and the
number of goods supplied to that market to maximize per-period expected profit given
posterior belief about the appeal index. The resulting optimal quantity (scale) of product g
supplied to market j from ¢ is given by

o1\ (o \" ., Pi Y
i a,n)= R L 1
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where b7 captures the effect of product appeal learning (demand learning) on optimal quan-
tity. The complete characterization of the maximization problem is described in Appendix

A

bj is defined as Fy,ja; n [e%] . It is the expected value of the exponent of current demand

shock (normalized by the elasticity of substitution for convenience). The expectation is taken
with respect to the current demand shock aj; given the posterior distribution regarding the
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Figure 1: Scope Indifference Curves
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appeal index, which is completely described by a; and n. T will refer to b7 as the expected
demand level.

The optimal scale decision yields expected variable profit from a product, which increases
as the firm’s ability and expected demand level rise, and decreases as the product’s rank ¢

rises:
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In determining the optimal number of products, a firm compares the expected variable profit
for a given product to the incremental fixed costs and keeps adding products as long as the
profit is greater than or equal to the costs.

Expected variable profit from a given product declines as the product’s rank rises, while
ex ante I do not impose any assumptions on the behavior of the incremental fixed costs. To
ensure a well defined solution to the scope problem, the incremental fixed cost must decline
no faster than the variable profit does, as the product’s rank rises. This yields the following
constraint on the parameters of the cost function: v > —a(o — 1).

The optimal scope decision is then characterized by a set of scope indifference curves
F((p”‘l,b;‘-) = g for ¢ > 1 implicitly determined by equation (2) below and schematically
depicted in Figure 1.

o

o

m

A firm with @771, b7 such that T'(¢7~",b7) = g, makes zero net profit on the marginal
product g, and thus sells g products. A firm with ¢”~", b7 such that g < T'(¢7~",b7) < g+ 1
makes positive net profit on the gth product, and considers adding another g + 1st product.

Can o1
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Yet g + 1st product cannot generate enough variable profit to cover the incremental fixed
cost. Firms in this range thus produce g products.

Notice that a firm’s ability ¢ stays constant throughout the firm’s life cycle, while ex-
pected demand b7 (a;,n) adjusts as the firm observes new demand shocks.

The range of values 7" and b7 such that T'(¢”~',b7) < 1 is of special interest. Firms
in the range of values below the scope indifference curve T'(p? ™!, b7) = 1 make negative net
profit on the first product they can potentially produce. In the static environment, such firms
would immediately exit the market. In the dynamic learning environment considered in this
paper, it would be optimal for some of these firms to incur one-period losses in exchange for
observing current demand shock which has some information value. The following section
describes the value of the firm, and the firm’s optimal exit and entry decisions.

3.3 Firm Exit and Entry

Denote by V;j:(¢, a;,n) the continuation value of a firm in country ¢ of being an exporter to
market j.

An incumbent firm enters period ¢ with the knowledge of its own ability ¢, mean of the
previously observed demand shocks a;, and the number of the observed shocks n. The firm
must decide whether to participate in a given market in the current period, or exit. If the
firm decides to participate in market j, it receives expected profit IL;;:(¢, a;, n) and expected
discounted continuation value of being an exporter 5(1 — 6)E(;/j‘aj,nl/;jt(cp, aj,n+1), where ¢
is an exogenous probability of a shock that forces a firm to exit, and g is the rate at which
a firm discounts future profits. If the firm decides to exit it receives the option value of
non-exporting.

In the context of this model the option value of non-exporting is zero. A firm must export
at least one product in a given period in order to observe current demand shock, and be able
to update its own posterior belief about the appeal index. Once the firm exits market j, it
will no longer receive any new information regarding its appeal index in market j. Thus, if
it is optimal for a firm to exit in a given period, it will be optimal to stay out of the market
for all subsequent periods, yielding zero value of exit.

The optimal market-participation decision for incumbent firms is thus a policy function
associated with the following Bellman equation

V;jt(gpa aja n) - maX{Hijt((pa aja n) + ﬁ(l - 5)E&9|&j,n‘/ijt+l((pa (‘1}, n—+ 1)7 O} (3)

Proposition 1 The optimal market-participation decision is given by a set of market-participation
thresholds d;‘j(ga,n) such that a firm from destination i continues to export to destination j
when a; > aj;(p,n) and exits export market when a; < a;;(w,n). Policy function a;;(v,n)

. . . a; (¢,n) .
s.atzsﬁes the following properties: (a) ]W < 0, (b) aj;(p,n + 1) > aj;(p,n), and (c)
hmn—H-OO CL:}-(()O, ) - az] ((10)

All proofs are relegated to Appendix E. The behavior of the market-participation thresh-
olds, drawn in Figure 2, reflects the role of information and learning in the economy.

For a given ability level ¢, the short-run threshold aj;(¢,n), that is, when n is small,
approaches the long-run value djj(ga,n), that is, when n approaches infinity, from below,

11



Figure 2: Market Participation Thresholds
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thereby giving the firms time to learn about their true appeal index. I explain the exact
meaning of this idea in the discussion below.

Consider the market-participation decision of an exporter in the limit, that is, when
n — 400 (in the long run). The behavior in the long run can be viewed as the behavior
of firms should they have had perfect information about their own appeal index. As n
approaches 400, the mean of the observed demand signals converges towards the true appeal
index 6;:
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Thus, in the long run, the mean of the demand signal can be viewed as the true appeal index
of the firm, and the threshold level a;;(¢) can be viewed as the exit threshold for the appeal
index. Thus, had the firm had perfect information regarding the appeal index, it would have
exited the export market immediately if 0; < a;;(¢).

In the short run, the estimate of the appeal index, that is, the mean of the observed
demand shocks, might be above or below the true value of the appeal index depending on the
realization of random preference shocks. If the short-run value of the market-participation
threshold stayed at the long-run level, a slight negative preference shock would force many
firms out of the market immediately, while from the profitability perspective it would have
been optimal for those firms to export. To accommodate the effect of occasional negative
preference shocks on the estimate of the appeal index, the short-run value of the market exit
threshold for a firm with productivity ¢ must be below its long-run equivalent. As a firm
receives more and more demand signals, its estimate of its own appeal index becomes more
accurate. Thus, a firm becomes less sensitive to occasional negative preference shocks. As a
result the threshold level gradually increases to the long-run value.

Having described the continuation value of being an exporter and optimal market par-
ticipation by incumbents, I now turn to a description of the entry of new firms.
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Following Chaney (2008), I assume that in every country j there exists an exogenous
mass of prospective entrants J. Upon entry every firm draws its ability level ¢ from a Pareto
distribution with the scale parameter o, ;. and the shape parameter £.6 After observing its
ability level a firm in market ¢ decides in which market j to participate by comparing the
expected value of entry V;7(¢) to the cost of entry. Since I do not assume the presence of
sunk market-entry costs, the entry cost is zero. Furthermore, since there is no sunk entry
cost, decisions to enter destinations operate independently of each other.

A firm enters a particular market whenever the expected value of entry is greater than
zero. The expected value of entry into a market is given by the sum of the initial expected
profit in that market and the expected continuation value of being an exporter

V;f}((p) = Hijt(@u 0, 0) + 5(1 - 6)E&;|O,0V;jt(()07 EL;, 1)

Since prior to entry a firm has not observed any demand shocks, the value of the mean
demand shocks is normalized to zero, and the number of the observed demand shocks is
zero. The expectation of a firm’s initial profits is computed based on the firm’s prior belief
about the demand parameter given by the distribution from which the appeal index is
drawn. Notice that since II;;:(¢,0,0) is increasing in ¢, so is the expected value of entry.
Thus productivity entry threshold ¢j; is determined by equating the expected value of entry
to zero:

E *
V;j (%j) =0.

A firm with an ability level above j; will enter destination j and begin serving that market.
A firm with an ability level below j; for all destinations j will exit the economy forever.

3.4 Determination of Equilibrium

I am going to solve for the stationary general equilibrium in the case of symmetric countries.
Thus, I assume that all countries are of equal size L; = L; they have the same number
of entrants J; = J; they are separated by equal trade cost 7;; = 7,> 1 for i # j and
Ty = 1. Firms in every country face the same fixed cost structure f;; = f. The fundamental
distribution of the appeal index is also the same across countries, 9j = 0. Wage w is
normalized to 1.

For a given set of parameters of the model, a symmetric stationary equilibrium is given
by ability entry thresholds into the domestic and export markets, ¢ and ¢, mean demand-
shock exit thresholds from the domestic and export markets, aj(y,n) and a%(p,n), scope
indifference curves in the domestic and export markets, T'y(p,b”) and T',(p,b7), aggregate
price level and expenditure level P and Y, masses of domestic and exporting firms, My
and M,, and a measure function in the domestic and export markets, my(y,a,n,a) and
mz(p,a,n,a). In what follows I describe how all equilibrium values are determined.

6For simplicity I assume that parameters of Pareto distribution are the same across countries. An al-
ternative approach is taken by Eaton, Kortum, and Kramarz (2011), where differences in scale parameters
across countries reflect differences in technological advancement among them. While such an assumption is
more realistic, it is not crucial for the analysis pursued in this paper.
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For a given value of P and Y all equilibrium thresholds and scope indifference curves are
given by the solution to the firm’s maximization problem. Given the equilibrium thresholds
and firms’ beliefs about the distribution of demand shocks, Proposition 2 below describes
the equilibrium measure function of firms, m;(y, a,n, a) for i € {d, z}.

Proposition 2 The equilibrium measure function of firms m;(p,a,n,a), i € {d,x}, is given
by

]_ _
mi(gpadﬂ%&) = ¢ - Fn mi(ga,(_z, n):
VU2 + o2

where m; (@, a,n) is such that

13 *\&
mz((pa O: O) =J ( (P? ) (pf'i‘l )

and

oo 1 a(n+1)—an—p
mi(p,a,n+1 :/ m;(p,a,n L
(¢ ) o (p,a’,n) Tﬂwf(b( o2

Using the equilibrium measure function, the equilibrium mass of firms can be written as
(see Appendix B)

e = (222) [ 8 by )

¥
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+o0 +00
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where

with p(ax|ax—_1) being transitional densities of the form p(ay|ag_1) = \/ — o) (
v Te¢

Since normal densities take positive values, H;(y) is positive for all ¢.

From equation (5) observe that an increase in ¢} increases the lower bound of integration.
Since the integrand is a positive function, the value of the integral declines. Thus, M;(¢})
declines in ;.

Define by M the total mass of varieties available in the economy. M is given by

M3, ¢5) = Ma(pg) + NMa (7). (6)
In solving for equilibrium values of P, Y, My, and M, I will use results in Proposition 3
below.

_1
2xPY 7 cuch that

Proposition 3 There exist u); = gdeYd T and u), =
(a) wy = =
(b) u* is completely determined by the exogenous parameters of the model;
(¢) Equilibrium mean profit level of firms is equal across destinations and is completely
determined by u*;
(d) Equilibrium mean revenue level of firms is equal across destinations and is completely

determined by u*.
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Proposition 3 states that equilibrium values of P, Y, ¢}, and ¢ can be normalized
in such a way as to yield a single variable u*. This variable is completely determined by
the exogenous parameters of the model, and is useful in characterizing the mean profit and
revenue level of firms in a destination as a function of exogenous parameters only.

Notice that part (a) of Proposition 3 implies ¢f = 7¢%. Thus, the equilibrium mass of
varieties in equation (6) can be written as a function of a single threshold ¢}:

M(py) = Ma(wg) + NM,(7¢7). (7)

Using results from parts (¢) and (d) of Proposition 3, and the rational expectations of firms
about the aggregate price level, the goods market clearing condition can be written as (see
Appendix C)

L+ M# = MF, (8)

where 7 is the mean profit level across firms in a given destination, 7 = E,,,(74(p, a,n,a)) =
Ep, (m.(p,a,n,a)). 7 is the mean revenue level across firms in a given destination, 7 =
Emd (rd((pa a,mn, a)) = Em, (TI(Qpa a,mn, a))

Equation (8) determines equilibrium mass of varieties as a function of exogenous param-
eters only

L

r—a

M =

The equilibrium threshold ¢} is then a solution to M = My(¢}) + N M, (T¢5).
Given ¢}, ¢i = T¢}, the mass of domestic and exporting firms is determined by equation

) = m ; = ; : I .
(5),Y =L+ Mr; P “ This completes the characterization of equilibrium
(p:lY o—1

3.5 Properties of the Solution

Here, I will demonstrate the properties of the optimal solution for the stationary symmetric
equilibrium described in the previous section.

In demonstrating how learning affects the optimal scale and scope decisions of firms, it
is instructive to compute how scale will respond to an additional demand-shock signal.

Proposition 4 In the steady state there exists a threshold level of mean demand shock a
— 2
gien by 0 + g—g, such that scale adjustment in response to an additional demand shock,

ag(p,an+tl) oo & de(p,antl) o ag(p.antl) _ ¢ .
deﬁnAed as = ey 18 greater than 1 if a > a, wolpan) < 1ifa<a, and PR X 1 if

a=a.

Proposition 4 states that firms with a sufficiently high realized value of the mean demand
shock are prompted to expand the scale of products in response to an additional demand
shock, while firms with a sufficiently low realized value of the mean demand shocks are
prompted to contract the scale of products in response to an additional shock. The intuition
for the obtained result is as follows.

Upon entry, a firm’s expectations about its own appeal index are given by the mean 6 of
the distribution, from which the parameter is drawn. After some demand shocks have been
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observed, a firm learns whether its true appeal index is higher or lower than the baseline
value 6. Suppose the realized mean of the demand shock a is higher than the value originally
believed (a > a, to be exact, as stated in Proposition 4). Conditional on ability ¢ and a, an
additional demand shock reassures the firm that its appeal index is higher than originally
thought (through the channel of reducing the variance of the posterior belief v?, which
declines in n). As a result, the firm expands the scale of products produced. However, if the
realized mean of the demand shock a is lower than the originally-believed value, the firm
adjusts to the new information by contracting the scale of every product.

The results of Proposition 4 are helpful in understanding the mechanism by which demand
learning induces firms to add and drop products. As the scale of a given product expands or
contracts in response to an additional demand shock, so does the variable profit generated
by that product. Since the product’s incremental fixed cost remains unchanged, changes in
the product’s profitability translate into changes in the range of products sold by a firm.

Consider a firm with ="' and b7 such that g < I'(¢?,07) < g+ 1. As discussed before,
such a firm will produce g products and will generate a positive net profit from gth product.
The firm does not yet sell g + 1st product since the variable profit is not sufficient to cover
the incremental fixed costs. As the firm receives an additional demand signal, the expected

demand adjusts appropriately. On the one hand, for the firms with @ > 6 + £, expected
demand increases in n conditional on a. Thus, an additional demand signal Wlll increase
the profitability of the marginal g + 1st product without affecting its marginal variable cost.
When the increase in b7 is sufficiently large, the firm will add an additional product. On

the other hand, for firms with a < 6 + g, expected demand declines in n conditional on a.
Thus, an additional demand signal will reduce the profitability of the marginal product g
without affecting its marginal variable cost. When the decline in 07 is sufficiently large, the
firm will drop its marginal product g.

Proposition 4 describes how the process of learning affects a firm’s decisions to adjust the
scale of products produced: as firms learn, they either expand or contract the scale of their
products. Proposition 5 below states that, conditional on size, scale-adjustment decision is
age dependent, where in the context of this paper age corresponds to the number of observed
demand shocks in a given market.

Proposition 5 In the steady state there exists a threshold level of expected demand b given
by 6 + ‘79+U 1q(,a(b7),n+1)

, such that conditional on b, 2, a7)1)
i n for b” < b” and stays constant for b = be.

declines in n for b > b7, increases

In analyzing the age dependence of the scale-adjustment decision we need to control for
the initial scale of the firm. Note from equation (1) that the optimal scale is completely
determined by the firm’s ability ¢ and expected demand 6. Firms with the same expected
demand, however, vary in their mean demand-shock level and age (the number of observed
demand signals). Proposition 5 states that scale adjustment varies with age, conditional on
the same initial expected demand value. Younger firms with high expected demand expand
at a higher rate than older firms with the same initial expected demand. Younger firms with
low expected demand contract at a lower rate than older firms with the same initial expected
demand.
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The expected demand threshold 0" =0+ 032_4:3 defined in Proposition 5 has an intimate
relation to the mean demand-shock threshold & = 6 + g defined in Proposition 4: when
a=a,b’ = 0. Thus, firms with expected demand above the threshold demand are precisely
those firms which have a realized mean demand shock above the baseline value. Such firms
can be thought of as the firms which have underestimated their true appeal index. As soon
as they discover that they are more appealing to consumers than originally believed, they
rapidly expand. An older firm with the same expected demand is more convinced of its
appeal index, and thus does not adjust the scale by as much as a younger firm which has
just discovered its high appeal index and wants to expand.

Rather the opposite story emerges in the firms that overestimated their demand level:
firms with the realized expected demand b7 < b° or the realized mean of demand shocks
a < a. As they discover their mean demand shock to be below the baseline value, they
respond by contracting. Older firms, however, contract by more since they are more certain,
after receiving a greater number of negative demand shocks, that they are of low appeal to
consumers. Younger firms are not as strongly convinced that their products are less liked
than they originally believed them to be. Thus, as young firms discover with greater certainty
that they are of the low-appeal type, they gradually adjust product scale downward.

The age dependence of the scale decision translates into the age dependence of product-
adding and -dropping decisions. Conditional on the firm’s ability and expected demand,
younger firms adjust scale by a greater amount than older firms. As a result, younger firms
will see a larger increase in all their products’ profitability than will older firms. Thus,
younger firms will be prompted to add more products than older firms. Since the initial
scope of the firms was the same, younger firms will exhibit a greater share of added products
within the range of exported products.

The model yields predictions regarding the response of a firm’s intensive and extensive
margins to a change in trade costs. Proposition 6 below establishes the effect of a change in
trade costs on individual product scale and sales.

- : : 4 d d
Proposition 6 In a symmetric stationary equilibrium <= < 0 and == < 0, =2 > 0,
dqu . N 1 dqu
o > Vi g > o and

< 0 otherwise.

Proposition 6 describes how the within-firm intensive margin adjusts in response to
changes in trade costs. First, in response to a decline in trade costs, firms will adjust
the scale at which they produce their products: the quantity of each exported good unam-
biguously increases, while the response of the quantity of each domestically supplied good
depends on the number of trading partners, the original trade costs, and the elasticity of
substitution. Second, the changes to the scale of products sold unambiguously translate
into changes in per-product revenue. Sales from exported goods increase, while sales from
domestically supplied goods unambiguously decline in response to a decline in trade costs.

Consider the case of an exporter facing a decline in trade cost. Since sales (and, as a
result, variable profit) of every potential product increase without affecting the incremental
fixed market-entry cost, it might become optimal for a firm to expand the range of produced
products. Similarly, a firm selling to the domestic market will experience a decline in variable
profit and might find it optimal to reduce the number of products supplied.
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There are two potential channels that affect the scope of supplied products (extensive
margin) due to a change in trade costs. First, as discussed above, an increase or decrease
in a product’s profitability might induce the marginal product to surpass a scope threshold,
resulting in product adding or dropping. Second, the scope thresholds are themselves affected
by a change in trade costs. For an export market, the scope indifference curves move toward
the origin in response to a decline in trade costs, inducing firms to add products. For a
domestic market, the scope indifference curves move away from the origin in response to a
decline in trade costs, inducing firms to drop products (see Appendix D).

The relative importance of the intensive versus extensive margins of a firm’s adjustment
in predicting changes in trade flows are evaluated numerically in the following section. I
calibrate the symmetric two-country stationary equilibrium to match Brazilian world exports.
I use the calibrated model to evaluate its ability to predict the margins of trade flows,
and perform a counterfactual simulation of a decline in trade costs to study the relative
importance of the margins as predicted by the model.

4 Quantitative Analysis

I perform a quantitative analysis of the model to answer the following two questions. First,
can a model with demand learning, parameterized to match cross-section distributions of
sales and scope, account for the extensive and intensive margins of aggregate export flows?
Second, what is the relative importance of extensive versus intensive margins in generating
export-sales growth due to trade liberalization?

[ use the indirect inference method of Gourieroux and Monfort (1996) to calibrate the
parameters of the model that govern the cost structure and the distribution of shocks: f, a,
7, 02, and o?. The method involves solving the maximization problem for each parameter
guess. Firm-level data is simulated based on the optimal solution to the firm’s problem.
From the simulated data a number of moments is computed and compared to the identical
moments from the data. The sum of the squares of the percentage deviation of the simulated
moments from the data moments is used as the criterion function. Parameters are then
chosen to minimize the criterion.

The following five moments are chosen from the data and help identify the five parameters
mentioned above: the mean and the standard deviation of the logarithm of the firm’s total
export sales, the sales-weighted growth rate of firm-product exports, the fraction of multi-
product exporters, and the fraction of product-switching exporters. The moments’ values
are reported in the first column of Table 9.

To solve the firm’s maximization problem, I calibrate three parameters of the model: [,
o, and 0. The firm’s discount factor is given by £ and is set to 0.9606, which is consistent
with the period length of a year assumed in the simulations. The elasticity of substitution
across varieties is given by o and is set to 7.49. This value is reported in Broda and Weinstein
(2006) as the mean elasticity of substitution across five-digit SITC product categories. The
exogenous death rate of firms is given by ¢ and is set to 0.03. Three percent corresponds to the
annual exit rate among Brazilian exporters in the top 5 percent of export sales distribution.
Further, the following parameters are normalized to the corresponding values: 6 = 0, £ = 7.4,
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Figure 3: Simulated and Actual Distributions
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4.1 Calibration Results

The calibration yields parameter values reported in Table 10. The simulated data moments
are reported in the second column of Table 9. The model slightly underpredicts the fraction
of product-switching exporters, due to a trade-off between the firm’s size and the frequency
of product switching. A lower value of a(o — 1) 4+ v moves scope indifference curves closer
together, as can be inferred from the indifference curve equation (2). Thus, for a given
dynamic in demand beliefs, a firm would be more likely to add and drop products for lower
values of the coefficient a(o — 1) + . At the same time, a lower value of a(o — 1) 4+ v moves
indifference curves closer to the origin. Thus, for a given ability level and demand belief, a
firm will export a greater number of products that would yield higher sales.

Parameterized as described above, the model matches well the cross-section distributions
of scope and the logarithm of sales, as depicted in Figure 3. The thicker tail in the scope
distribution is a result of the size and product-switching trade-off described above. The
model slightly overpredicts the proportion of large firms in the economy, but matches the
frequency of product-switching behavior better.

Parameterized to match cross-section moments of sales and scope distributions, the model
accurately predicts the role of margins in explaining trade flows, and the role of export age
in explaining product-switching behavior. As borne out in the data, the model predicts
a greater importance of new-products margin over new-exporters margin in accounting for
total Brazilian exports as described in Table 11. The first column replicates the first column
of Table 1, while the second column reports the results from the simulated data. Although
the model slightly underpredicts the magnitudes of both of the extensive margins, the share
of sales arising from new products introduced by incumbent exporters is three times lager
than the share of sales arising from the new exporters.

The model predicts age dependence of product-switching behavior as depicted in Figure
4. Each curve in the Figure plots the relationship between the fraction of sales from added
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Figure 4: Age Dependence of Products Switching: Simulations
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products and the firm’s export age for firms belonging to a given export-sales decile. For
example, a firm with export sales in the sixth decile will derive 26 percent of sales from new
products in the second year of being an exporter, while the same firm will derive only 19
percent of sales from new products when it has been exporting for 11 consecutive years.

4.2 Counterfactual Analysis

In this section I use the parameterized model to perform a counterfactual analysis of trade-
liberalization reform that yields 4.8 percent growth in export sales. Counterfactual sim-
ulations imply a substantial adjustment on the product-switching margin. 31 percent of
the growth in total exports is attributed to the firms’ expansion of the range of exported
products, while only 10 percent can be attributed to exporter-turnover margin. (See Table
12).

The relative importance of the product-switching margin in relation to the exporter-
turnover margin predicted by the simulations is comparable to the magnitudes found in the
literature. For example, in their study of Indian trade liberalization in the 1990’s, Goldberg,
Khandelwal, Pavcenik, and Topalova (2010a) find that the product-switching margin accounts
for nearly 25 percent of total Indian manufacturing output growth in the 1990’s.
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5 Conclusion

This paper identifies new patterns in the product-switching behavior of exporters and de-
velops a model of demand learning to explain them, both qualitatively and quantitatively.
Specifically, I incorporate a model of demand learning into a general equilibrium framework
and perform a quantitative assessment of the learning model in terms of its ability to predict
the data.

Using customs-record data on the universe of Brazilian exporters, I begin by documenting
the greater importance of product-switching over exporter-turnover margin in export sales.
I contribute to the literature by documenting this pattern in the context of export data as
opposed to domestic or import data. I then document a new pattern in the product-switching
behavior of exporters: conditional on size, younger exporters engage in product switching
more frequently than exporters with more experience. The frequency of product switching
is defined in terms of two statistics: the share of sales from added products, and the share
of added products in the current product mix. Conditional on size, both variables decline as
the age of exporting increases.

The demand-learning model provides a natural explanation for the age dependence of
product-switching behavior. Products of individual firms are characterized by their appeal
index, which is not known to the firms ex ante and is subject to inter-temporal preference
shocks. Upon observing the sum of their appeal index and preference shocks (the demand
shocks), firms learn their true appeal index. Variations in inter-temporal preference shocks
translate into variations in the observed mean of the demand shocks, which further translate
into product adding and dropping. The convergence of the mean of the observed demand
shocks to the true appeal index generates age dependence of product switching.

Finally, the paper shows that the learning model, calibrated to match cross-sectional
statistics for the sales and the scope distributions of exporters, quantitatively predicts the
product-switching and exporter-turnover margins in export trade flows. The paper also
rationalizes the age dependence of product switching conditional on size. These findings
contribute to a fast-growing literature that focuses on demand learning to study various
aspects of firm growth and survival.
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Appendices

A  Firm’s Maximization Problem

The profit-maximization problem of a firm in destination j based in country ¢ with ability ¢,
mean of observed demand shocks a;, and number of observed shocks n, takes the following
form

Gijt Gijt

_ - o=l a5 L TWwayg
Hijt(@? a/j7 n) - max Eajt‘aj,n Z (qz]gt € P Y qugt) fZ] Z g

Qijgt,Gije=>1
g=1

Note that the expectation operator in the objective function refers to the random variable
e2". Since in relation to e+ other variables are treated as non- random, and as such the
objective is linear in e at, we can apply the expectation operator directly to the variable.

Denote by b; = Eq ,ja,n |€ 2z

The maximization can be split into a two-step procedure. First, given the number of
products G, solve for the optimal quantity of a given product g;;,:. Second, given the
optimal quantity, solve for the optimal number of products.

Taking the first-order conditions of the objective function with respect to g;j4, keeping
Giji fixed, yields optimal quantity decision

_ o=1\" o\, P Vi
Gijgr (5 @5, 1) :( > ) (g_a) b (TJ..wlt;a'
ij Wi

Substitute the optimal quantity decision back into the objective function to obtain

jtlag,

Gijt o—1 o—1 Gijt
0—1 4 . D Yie P Yt

Compare the variable profit from a given product to the incremental fixed cost. For a firm
to profitably produce a product, it must be that the variable profit is greater than or equal
to the marginal fixed cost of supplying that product to a market

(O' _ 1)0—1 @ o—1 . p]géfl}/}t § )
o’ g_“ 3 (Tij’LWt)ail > Fag ©)
Rearrange equation (9) in the following way:
o o—1
o—110 o +a(oc—1) (Tijwit)
J (O' _ 1)0 174 Pjt 11/‘*# ( )

At the point of making a scope decision, the left-hand side of inequality (10) is constant and
positive. The right-hand side uniformly increases from zero to +o00 if v+ a(oc — 1) > 0, or
declines from 400 to zero if v+ a(oc — 1) < 0. In the latter case the maximization problem
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does not have a well defined and economically meaningful solution for all possible ability
levels. For example, for a firm with high enough ¢, such that for ¢ = 1 inequality (10)
is satisfied, it would be optimal to produce an infinite number of products. Thus, for the
maximization problem to have a well defined solution I assume v+ a(oc —1) > 0. In looking
at inequality (9) the condition implies that the incremental fixed cost must decline more
slowly than the variable profit, or must increase in rank g.

With v+ a(o — 1) > 0, the right-hand side of inequality (10) increases from zero to +o0,
and a firm will keep adding products as long as inequality (10) is satisfied.

Note that when gp"flb}’ are such that inequality (10) holds with equality for some g, a
firm will make zero net profit on the last (marginal) product g. For a firm with @719
slightly below this level, the inequality will not hold and the production of g will not be
profitable. Thus, the firm will produce g — 1 products. However, for a firm with gp”‘lb;‘-
slightly above this level, the inequality will be satisfied — implying that production of the
gth product will bring a positive net profit. The firm will produce g products until gp”‘lbj-
increases sufficiently to make zero net profit on the next g + 1st product. Thus,

oo (Tijwi )7~

o—1
Pjt th

o—1l10 __ UU
¥ bj - (U— )U 1fmg

implicitly defines scope indifference curves in the (go”fl,b? ) space for each scope level g.
Denote these indifference curves by I'(¢7~, b7) = g. A firm with @U_l,b;‘- such that g <
(771, bj) < g+ 1 will produce exactly g products.

B Equilibrium Mass of Firms

Using the measure function m;(p,a,n), the equilibrium mass of firms is defined as

+oo +00
M,; = / / i(p,a,n)dpda. (11)

By recursive substitution using equations (18) and (19), m;(p,a,n) can be expressed as
a function of demand exit thresholds and posterior distributions in the following way

N\ ¢ x\&  ptoo +oo
(.. m) = J(som:n) f;fﬁ / / P(@an1)p(@n 1 |an_o)p(a)dayd...a, 1,(12)

Pi a(p,n—1) ax (1)

— = - 1 &kkf(ik,l(kfl)flu,k_l . .. .
where p(ag|ag_1) = \/vi71+02¢ ( NZm ) is the transitional density from state

_ — — a1 —0;
(ax—1,k — 1) to state (ax, k), and p(a;) = \/a§1+a§¢ (\/angag)'

Substitute equation (12) in equation (11) to obtain

oo 3 #\é  ptoo +o0
min 5 i =5 = = = = = 5
M, = § :/ /*(w ((p : ) 9(023 o p(a|a,—1)p(an_1|an—2)p(ai)da,...da, 1dadg
n=0 n)

Pi T (pn—1) a; (1)
Prmin 5 +OO
= J( ) / §+1 / / a]an 1 p(&n,l\&n,g)p(dl)ddl...ddn,ld&dw
()Oz w5 ¥ a l,DTL)
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Denote

+o0
Z/ / a]an 1 p(&n,l\&n,g)p(dl)d&l...ddn,ld&,
F(pm)

yielding

£ ptoo *\§
Mi(p7) = J( o ) /w ;J H;(p)dp.

C Goods Market Clearing Condition

The aggregate expenditure level Y is defined as the sum of labor payments and dividends
from national firms

Y =L +11; + NI, (13)

where II; denotes profit from firms selling to the domestic market, and II, denotes profit
from exports to a given destination. Total profits from a destination can further be expressed
as the product of the mass of firms selling to that destination and the average profit level of
those firms, as shown below.

+oo “+00 400
I = Z/ /w)/_ mi(p,a,n, a)mi(p,a,n, a)dadadyp =

—+o0 —+oc0
= / / mi(p,a,n,a)s;(p, a,n,a)dadadyp =
(o)

nO‘p

- Mzﬂ'za

where M; is the mass of firms selling to destination i, and ¢;(¢,a,n,a) is the density
_mi(,8,n,0)

f+°°f * (o) f_ m;(p,a,n,a)dadadye -
. m; is the mean profit level. As stated in part ( ) of Proposition 3, 7;s are equal
across destinations. Thus, equation (13) can be written as

Y = L+ (My+ NM,)7, (14)

yielding the left-hand side of the equation (8) in the text.

I will show that Y also equals the total revenue of firms using goods market clearing
conditions and rational expectations of the firms.

Rational expectations of the firms imply that the price index that firms take as given P,
results from individual prices that are set in equilibrium. Consider the definition of the price
index

associated with measure m;(y,a,n,a) and defined as

mi($,a,n,a)
M;

+oo +00 go,ana
Z/ / / Z p “ma(p, a,n,a)dadady +
= a5 (pm)

G(cp a,n,a)

+0° +o00 +o00
/ / / Z p “my(p, a,n,a)dadadep.
a1 (pm) J oo
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Market clearing implies optimal price level given by
o 19% a

o—1 %)

Substitute p;, into the price index to obtain

+o00 +00 o—1 o—1 G(‘P an)
pl-r = Z/ / . )/ ( - ) 7 e Z 9= Mycq(p, @, n, a)dadadyp +
n=0 n)J—oo g=1

G(p,a,n)

Dig =

+oo Too e
o—1 ©\°~ o ,
NZ/ /«a / ( o ) <?) e Y g* ) Muca(,a,n, a)dadady =
n=0 ay n) J —oo

g=1

+o0 Yoo
= Z/ / / Td @,&17"0 a)Mdgd(<p,&, n, a)dadadyp +
n=0 (¢,m) pPo-ly

+oo
E SO,CL n,a B B
+N / / / Po— IY )Mx§1(907 a,n, @>d@d&d(p =
n=0 a’(p,n)

Mdf d + NM, x?“ T
po-ly
Together with the result of part (d) of Proposition 3, the last equality yields

Y = (My+ NM,)F. (15)

Combining equation (14) and (26), and using M = My + N M,, we obtain
L+ Mm = Mr.

D Scope Indifference Curves and Trade Costs

Consider equation (2) describing the scope indifference curves. The curves are parameterized
by the endogenous variable B = 5. The higher the value of B, the higher should be the
value of ¢7 717 to yield the same scope level g. Thus in response to an increase in B, the
level curves will move away from the origin. As a result, a firm in the state (p,b) will find
itself lying on a lower scope indifference curve and will be forced to drop marginal products.
In a similar way, a decline in the value of B will move level curves I'(¢7~'07) = g toward the
origin, inducing firms to add marginal products.

I will show below that dﬁ“ > 0 and % < 0.

7_0-,1 © o—1
B, = - i
Py ( u* )

‘Pz

Since, as shown in Appendix 6, >0 = de > (. In response to a decline in trade costs,
B, declines, shifting scope 1nd1fference curves toward the origin, and inducing firms to add

products.
1 Pd o
B )
47 poy (u)
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Since, as shown in Appendix 6, % <0= dBI < 0. In response to a decline in trade costs,
By increases, shifting scope 1nd1fference Curves away from the origin and inducing firms to
drop products.

E Proofs of Propositions
Proof of Proposition 1. Consider Bellman equation (3) written in the steady state:

V;j ((107 C_Ljv n) = ma’X{Hij(@u C_Ljv TL) + B(]- - 6)E&9\aj,n‘/ij((p7 (_l;-, n+ 1)7 O}

In the region of the state space where it is optimal for the firm to continue exporting, value
function Vj; is given by V;; that satisfies

V;J'((pa dja”) - Hij((P, dja”) + ﬁ(l - 6>E&9|aj,nf/ij(307 az‘a n+ 1)

In the explicit form, f/ij is given by

+oo
‘/'53(907 (_l], TL) = Z(ﬁ(l - 6))kEé?\éj,nHij(907 (_lf, k + n)? (16)

k=0
where dg-) = a;. Conditional on the sate (aj,n), df is normally distributed with mean
k“:i(,?j ) 4 jﬁ: and variance (;}Jﬁk)g (t +k . As k goes to infinity this distribution converges

to a well defined one given by N (un] (@]),U%). Next, note that as the number of signals
observed approaches infinity, the expected demand 67 remains bounded: lim,, ., b7 (a,n) =

exp <(‘1 + %) Thus, for a given a@; in equation (16), Ea?‘aj’nﬂij(w, &?, k +n) is well defined

for all £ and remains bounded as k approaches infinity. Thus, f/z-j(go, aj,n) is a well defined
function, and the market-participation thresholds a; ((,0, n) are implicitly determined by

Vij(p,a@;,n) = 0. (17)

Since the profit function IL;; (¢, a;, n) is monotonically increasing in a;, by equation (16) so is
f@-((p, aj,n). Thus, for given values of ¢ and n, equation (17) determines a unique threshold
53} (907 n)

Since the profit function I1;;(p, a;,n) is monotonically increasing in ¢, by equation (16)
S0 is f/ij(go,aj,n). Since, for a given n, f/ij(go,aj,n) increases in both ¢ and a;, it must be

true that a;;(p,n) declines in ¢ for a given n: L:idif’n) < 0.

Since the variances of ELfs in equation (16) decline as n increases, and since the profit
function is convex in (‘Lé‘?, ‘N/Z-j(@, aj,n) declines as n increases. Thus, for a given ¢, aj;(¢,n)
must increase with n to maintain the equality in (17): aj;(¢,n + 1) > aj;(¢,n).

Since lim,,_,, b7(a,n) = exp <(_l+ %), there exists a limit to II;;(y,a;,n) as n ap-
proaches infinity, and thus there exists a limit to f/ij(ga, a;j,n) as n approaches infinity yielding
the existence of the limit for aj;(¢,n): lim, . aj;(p,n) = @;;(p). =
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Proof of Proposition 2. To describe the measure function m; (¢, a,n,a) for i € {d, z},
note that it can be written as

ml(gpa a, n, &) = C(““Pa C_Z, n>mz(()07 C_Z, n)7

where ¢(alp,a,n) is the probability of current demand shock to be a for a firm of type
(¢, a,n). The distribution of demand shock for a firm of type (¢, a,n) is given by the firm’s

posterior distribution: N (y,,,v% 4+ ¢2). Thus, ¢(a|p,a,n) is given by \/u%+ag¢ (\/‘i};ﬁtﬁ)

m;(p,a,n) is the measure of firms of type (p,a,n). All firms enter with a = 0 and
n = 0, the mass of entrants is J, out of which only firms with ¢ > ¢} drawn from a Pareto

3
distribution enter. Thus, the mass of entrants is J <‘p$—"> . Conditional on entry, the ability

level follows Pareto distribution with support [(p;f, +00). Thus, the initial condition is given
by

x et

§ *
mi(,0,0) = J (@Z”) £(#7)° (18)

for ¢ > ¢F and m;(¢,0,0) = 0 otherwise.

Next, I describe the transition rule to state (¢,a,n + 1). A firm in state (¢,a’,n) can
transfer to state (¢, a, n+1) with the appropriate demand shock a given by a = a(n+1)—a'n.
Conditional on (i, a’,n), the demand shock is distributed N (u,,, v2 + 02). Thus, by the law
of large numbers, the measure of firms in state (¢, a’, n) that transitions to state (¢, a,n+1)

a(n+1l)—a'n—p,

is given by m;(p,a’,n) \/U21+02¢ ( Joiiol ), implying the transition rule given by

oo 1 a(n+1)—an—p
mi(p,a,n+1) = / mi(e,a’,n ") da'. 19
)= 17wt ot (R "

Proof of Proposition 3: Parts (a) and (b). Consider per-period firm’s profit de-
scribed in Appendix A

Gijt (77167 Gijt (977167

_ o—1)7"" [\ P,
Hapanm= 3 Q(_> T I S

pst o° ga J (Tijwit)ail g

In the symmetric stationary equilibrium, the profit can be written as

G(p771b7) _ o—1 _ G(e771b7)
(O’ . 1)0 1 ( ") ) 2 1Y
H((p,a,n) = b’ - f g’Y’
g; o ga (7—)(7—1 gzl

where 7 > 1 for an export market, and 7 = 1 for domestic market.
A firm’s dynamic behavior is determined by the evolution of beliefs about the demand
parameter described by a, and n. Ability ¢ and aggregate variables P and Y, stay constant
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through the firm’s life cycle. Thus, in characterizing the firm’s dynamic behavior, consider

1
pPY 71

normalization u = . Using normalization u, a firm’s profit can be written as

G(u,b?) G(u,b?)

Z O' _ 1 a(l—a)baua—l . f g'y'

g=1 g=1

The convenience of this representation is that given wu, there are no more endogenous equi-
librium objects determining a firm’s profit. Also notice that conditional on w, the profits
from domestic and foreign markets appear identical: the effect of transportation costs 7 is
taken into account in defining u.

Using normalization u, a firm’s market participation problem can be written as

G(u,b?) (O’ _ 1)0—1 G(u,b?)
V(u,a,n) = max Z gyt f Z 9"+ B(1 = 06)EgpanV(u,a,n+1),0
g=1 o’

Observe that conditional on u, the problems for domestic and export markets are identical.
The solution to this problem is characterized by a set of market exit thresholds a*(u, n),
which, as expected, do not depend on a specific destination. Conditional on u the thresholds
are completely determined by the exogenous parameters of the model.
The uniqueness of the market exit thresholds implies a*(u,n) = a(p,n). A firm in

1
state (u,n) exits the market when a < a*(u,n) = a* (@, n |. Thus, a firm with ability

1
¢ = —— exits the market when a < a* (%, n) . At the same time, the exit threshold
Py -1

_1
is given by af(y,n). Uniqueness of the exit threshold implies a* (%, n) =af(e,n), or

a* (u,n) = af(p,n).
A firm’s value of entry into either the domestic or an export market can be written as

VF(u) =1I(u, 0,0) + B(1 — 8) ExpooV (u, @, 1). (20)

The entry threshold u* is determined by VF(u*) = 0. Note that conditional on u, equation
(20) does not involve any endogenous variables. Thus, u* is completely determined by the
exogenous parameters of the model. Furthermore, it is equal across destinations

A firm will enter a given destination whenever u > u*, or equlvalently p > . Since
Py -1
the entry thresholds ¢} and ¢}, are unique, it must be true that ¢}, = — and @f = T4
PY o1 Py o1

Proof of Proposition 3: Parts (c) and (d). Denote by r;(¢, @, n, a) revenue of firms
in state (¢, a,n,a) in market 7. The mean revenue level of firms in destination i is defined

as
+oo +oo
/ / / (o a,m,a) (gpj\;z[ )dadadgo,

30



where "“WTM defines the density associated with measure m;(p,a,n,a). Substitute equi-
librium revenue, substitute the measure function defined in Proposition 2, integrate out a to

obtain
+oo - o—1 po—1 o
o— 1) e Poly _oami(p,a,n)
b7y gt dade.
;/ /*(w ") ( (i Z M;

g=1

Using recursive definition of m; (¢, a,n) described in Appendix B, mean revenue level can be
further written as

& ptoo *\& _ o=l 5-1po-1y T rtoo
~ Pmin g((pz) o 1 ¥ P Y o a(l—o) )
ri = J ( * ) /cp’v‘ (pf-f—l ( o To—1 Z ax (e, b Z 9 : dad%p’

¥ n=0

where h;(¢,a,n) f (o) f o) p(a|ay,—1)p(@n_1|G,_2)p(a)da,d...a,_; (individual com-
ponents are defined in Appendlx B)

_1_
Consider the change of variables u = %. hi(p,a,n) depends on ¢ through thresholds

al(p,n) which are equal to a*(u,n). Thus h;(p,a,n) = h(u,a,n).
dy

Further,
1 \&+1
rdu (PY+7)

P PY T (et
First, apply the transformation to the mass of firms M; defined in Appendix B:

\¢ ptoe )&
M) = 7 () [T b ya - 1)
1 13
PY o1 teo

Next, apply the transformations to the mean revenue equation which now can be written
as

o) o—1\o—1 ,_ 0o f+oo be o) _ B
_ f+ 2 (=5 w0 - Zg L 9°= h(u, a,n)dadu (23
Ty = = .

er ulerlH(U)dU

u

Equation (23) completely determines mean revenue in destination ¢ as a function of the
exogenous parameters only. Note that the right-hand side of equation (23) is independent
of 7, implying that the mean revenue is the same across destinations. Similar calculations
apply to the mean profit level. =

Proof of Proposition 4. Recall that ¢;;,(p,a;,n) is given by
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o Pl aj . . L
Gijg (@, aj,n) = (0771)0 <g%) b7 T]”wv 5, where b; = Eq_ja, n [e%] Using posterior distri-

bution to compute the expectation b7, b7 = exp [,ujn + % <@)} Thus,

-1\ (o v 402\ P
s ) _ (G (2) o i+ (3] 0
Gij (9, 5, 7) o1y (o L (o] B
9 ! ( o ) <ga) eXp |::U'jn+ < = )i| (Tjijwi)”
2

2
Uy — U
= exp (uj,nJrl ~ Mo+ +1270) |

. 2 2 .
Substitute for fi;,,, f4; 11, Uy, V41, Tearrange terms to obtain

Gijg(p,aj,n+1) N ( A20(a; — 0;) — 0p) ) .
a = exp (24)
ijg(p, a5, ) 20(1+ (n+1A)(1+nA)
A(20(a;— _j)—ae)

o? Qijg(@,a;,n+1)
where \ = 0—3 The relation of m to 1 depends on the sign of 2o (I DN+

Notice that the denominator is always positive. The numerator is hnearly increasing in a;
and equals zero when a; = 6’j + %. Thus, the threshold level a; = Qj + %

When a; > d;, 22892 5 = exp <—q”g(w]"’n+—1)) > 1 = Guslbdpntl) o

Qijg(w,aj,mn) Qijg(w,aj,m) Qijg(w,aj,m)

When a; < d;, 22802 < = exp (—q”g(m"’n+—l)> < 1= Gldpnt)

Qijg(w,aj,mn) Qijg(w,aj,m) Qijg(w,aj,m)

Qijg(P,05,n+1) _ 0 = exp (‘Zijg(SOv&jynJFl)) -1 = Qijg(,85,n+1) _ 1. m

When a; = a; L . I
J 1 qijg(w,ag,n) Gijg(p,aj,n) Qijg(,aj,m)

Proof of Proposition 5. Recall that b7 is expressed in terms of a; and n as

” 1 [(v2+0?
b =exp ,ujn—i-é — )|

Manipulating the equation yields

— Inbf(14+An)  6,(1+ In) o2 o?(1+ An)
G — 0. — _ 4 S - , 25
4 =Y n An 20\n 20\n (25)

Substitute equation (25) into equation (24) to obtain

a o 2] o2+0?
Qijg(QO,aj,n + 1) B In bj — Qj _ 820
- = exp
qijg(‘Pa Qj, n) (14 (1 +n)A)

— 2 2 — 2
For b7 = 0; + 0(’;;0‘ (which corresponds to C_Lg‘ =0; + g—ﬁ), the exponent equals 1 and thus
the scale does not change with n. For b7 > b7, the numerator in the exponent is positive,

thus the ratio declines in n. For b7 < l;j”, the numerator in the exponent is negative, thus
the ratio increases in n. m
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Proof of Proposition 6. In proving the result I am going to use the following three
equations

ut = gpflPYdil (26)
D1
ut = @ PYo1— (27)
.
1 \¢
1 (PYH)
K@) = (Pye) +N (28)

Equation (28) is obtained by manipulating M = My(l) + NM, ((,%), where expression of
M;(¢?) in terms of u* is used (equation (22)). K(u*) =

T(om sf+°° A

An important thing to note is that u* is completely determmed by the exogenous param-
eters of the model (excluding 7) by Proposition 3, and thus does not respond to variation in
7. Denote by X = PY 1.

The optimal product sales are given by

—1\""" Tt P .
Tgi(@uaunva) = (0 ) (ﬁ) b7 ' —1 €.

o gOé 7—0'

Using equations (26) or (27), they can be written as

o—1 o—1 o—1 u* o—1
s (58 () ()

Thus, the sign of the derivative of (¢, a,n,a) with respect to 7 is the same as the sign of
the derivative of ¢} with respect to 7, which I compute below.
Total differentiation of equation (28) yields

dX T N

X dr T+ N

Thus, 0 < dX - < 1. Total differentiation of equation (26) yields

dey v  dX 7

oy dr X dr

Thus, -4 < 0 implying — "d > 0.
Total differentiation of equation (27) yields
det T _1 dX t

72 dr X dr’

dXT dgz

Since 0 < < 0.
Con51der characterlzmg the response of a product’s sales which are given by

_ o—1\" (¢ UPU ly
QQi((JO7a7n):( o ) (g_a) b o )
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and using equations (26) or (27), ¢, can be written as

s~ (2 (2) v ()"

Differentiate equation (29) with respect to 7 to obtain

‘ —1\° g #(o—1) do*
dqu _ (0' ) (2) bgui |:—(O' o 1) Pi l o :| )
dr o g° AR or dr

)

] ey d4g0
Since — = > 0, -2 < 0.

. de* - de*
For the domestic market —(o — 1) (Z; T —1=(0c~— 1)% — 1. Thus, <4 > 0 when
N 1

A — and negative otherwise. m
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Table 1: Sources of Brazilian Manufacturing Exports to Argentina, the US,
and the World in an Average Year (percent of export sales)

Contribution of ‘ Argentina  US  World
New Exporters 6.4 4.2 2.6
New Products by Incumbent Exporters 7.5 4.5 4.4

Incumbent Products by Incumbent Exporters 86.2 91.5 93

Note: The table reports the share of Brazilian exports in manufacturing products in a
given year that arises either from new exporters, or from the sales of products
previously not exported by continuing exporters, or from the sales of previously
exported products by continuing exporters. A new product is defined at the exporter
level. Mean across annual observations.

Table 2: Decomposition of Brazilian Manufactur-
ing Export-Sales Growth to Argentina, the US,
and the World in an Average Year (percent)

Margin ‘Argentina US World

Exporter-Turnover 5.25 0.61 0.42
Product-Switching 5.19 0.58 1.12
Intensive 13.30 2.68 1.38

Total | 2373 387 287

Note: The table reports the decomposition of the
growth rate of real exports in manufacturing products
by margins of trade. Mean across annual observations.
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Table 3: Mean of the Fraction of Export Sales from New
Products among Firms Exporting to Argentina, the US, and
the World

‘ Argentina  US  World
Intra-Firm Extensive Margin ‘ 17.9 18.4  20.0

Note: The table reports the percentage of an exporter’s sales
derived from products introduced between two consecutive periods
(intra-firm extensive margin). Sample of all surviving exporters is
considered.

Table 4: Mean of the Fraction of Export Sales from New
Products among Firms Exporting to Argentina, the US,
and the World: Decomposition by Export Age

Export Age Argentina Us World
2 24.2 24.6 27.1
3 17.5 17.6 19.8
4 15.2 14.4 16.0
) 13.6 12.7 14.3
6 13.7 10.3 14.1
7 13.7 11.8 12.9
8 12.6 10.6 12.7
9 10.2 9.7 11.8
10 9.0 9.7 9.8
11 8.2 6.6 7.6

Note: The table reports the intra-firm extensive margin
computed by export-age categories. Sample of all surviving
exporters with defined export age is considered.
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Table 5: OLS Regression. The Dependent Variable is the Fraction of Sales From
New Products

(1) (2) (3) (4)

ok Fokk Fokk ok

Export Age -0.025 -0.018 -0.016 -0.013
(0.001) (0.001) (0.0003) (0.0003)
Log Exports -0.026"" -0.018™"
(0.001) (0.0003)
Constant 0.294 0.561°"" 0.217°" 0.402""
(0.003) (0.007) (0.001) (0.004)

R? 0.02 0.05 0.01 0.02
Number of Obs. 56,638 56,638 225,569 225,569

Level of Obs. Firm-Year Firm-Year Firm-Dest.-Year Firm-Dest.-Year

Note: The table reports the results of OLS regression. The dependent variable is the
fraction of an exporter’s sales derived from products introduced between two
consecutive periods. A sample of surviving exporters is considered.

™ Statistically significant at the 1% level.

Table 6: Mean of the Proportion of Newly Added Prod-
ucts among Firms Exporting to Argentina, the US, and
the World

‘Argentina US  World

Percent of new products ‘ 28.3 23.1 294

Note: The table reports the percentage of currently exported
products an exporter added between two consecutive periods.
Sample of all surviving firms is considered.
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Table 7: Mean of the Fraction of Newly Added Products among
Firms Exporting to Argentina, the US, and the World: Decomposi-

tion by Export Age

All Incumbent Exporters

Incumbent Exporters
that Added Products

Export Age Argentina US  World Argentina US  World
2 33.3 31.0 36.1 66.0 69.0 675
3 27.8 25.8  30.6 57.4 62.4  59.1
4 25.8 22.8 27.5 53.0 58.5  H4.6
5 25.0 21.6  26.3 49.6 54.3  51.6
6 27.0 20.0 275 50.9 53.1 515
7 27.5 224 26.9 49.1 53.0  49.8
8 25.5 19.5 27.2 46.1 50.4  47.9
9 23.5 20.7  26.9 42.6 48.6  47.9
10 23.0 21.6 254 40.9 50.2  46.5
11 22.1 21.0 24.6 40.3 45.4  43.2

Note: The table reports the percentage of currently exported products an
exporter added between two consecutive periods computed by export age
categories. A sample of surviving exporters with defined export age is

considered.

Table 8: OLS Regression. The Dependent Variable is the Fraction of Added

Products in an Exporter’s Product Mix

(1) (2) (3) (4)

Export Age -0.016™"  -0.015"" -0.009™" -0.008™"

(0.001) (0.001) (0.0003) (0.0004)

Log Exports -0.002™" -0.004™"

(0.001) (0.0003)

Constant 0.370"  0.388 0.270™" 0.314™

(0.003) (0.008) (0.001) (0.004)

R? 0.01 0.01 0.003 0.004

Number of Obs. 56,638 56,638 225.569 225.569

Level of Obs. Firm-Year Firm-Year Firm-Dest.-Year Firm-Dest.-Year

Note: The table reports the results of OLS regression. The dependent variable is the
fraction of added products in an exporter’s product mix. A sample of surviving

exporters is considered.

** Statistically significant at the 1% level.



Table 9: Data and Simulation Moments

Moment Data Simulation
1. Mean of log-sales 11.57 11.57

2. Standard deviation of log-sales 2.63 2.69

3. Growth rate of firm-product sales (per-  1.40 1.31
centage points)

4. Share of multi-product exporters 0.59 0.46

5. Share of product-switching exporters 0.50 0.34
Criterion 0.16

Note: Statistics are computed at the level of total firm exports
(aggregated across destinations). For the first three moments, the
mean is taken across firm-year observations. For the last two moments
the mean is taken across annual observations.

Table 10: Parameter Values

Parameter « 0 o’ O f

Value 0.15 0.02 250 14.33 27,422.10

Table 11: Decomposition of Brazilian exports (percent of export sales)

Margin ‘ Data Simulation
New Exporters 2.6 0.5
New Products by Incumbent Exporters 4.4 1.7
Incumbent Products by Incumbent Exporters | 93 97.8

Table 12: Margins of Export-Sales Growth: Simulation

Growth of Exporter-Turnover Product-Switching Intensive
exports Margin Margin Margin

4.8% 0.5% 1.5% 2.8%
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