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Abstract

This paper shows that the information available to firms affects participation de-
cision of exporters and therefore the social value of trade. When firms have complete
information about profitability in foreign markets, selection into exporting is stringent
as firms would not knowingly enter an unprofitable market. With incomplete infor-
mation, a larger number of firms engage in risky export activity - both firms that
will be profitable and unprofitable after learning their demand. Although trade flows
are more elastic to changes in variable trade costs under incomplete information, the
welfare gains from trade are lower because more (ex post) unprofitable firms enter
the market. We obtain these results from a structural trade model that accommo-
dates varying the degree of firm-level uncertainty. We prove the results theoretically,
then quantify the magnitude of gains from trade using Brazilian microdata to estimate
model parameters, and finally estimate a gravity equation that lends support to the
model’s testable implications.
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1 Introduction

When variable trade costs vary, not only do existing exporters change the size of their ship-
ments abroad, but also the set of exporters varies through entry and exit. Participation
decisions for exporters — that is, entry into export markets and the subsequent decision of
how intensively to produce and ship goods to foreign destinations — is a conceptually and
quantitatively important dimension of trade, and factors affecting these decisions can play
a central role in determining the social value of trade for an economy. However, the bench-
mark framework for measuring the gains from trade considers a special set of circumstances
surrounding potential exporters’ decisions: firms have complete information about the de-
mand for their products in all foreign markets. While this benchmark has elucidated central
mechanisms that drive the gains from trade, particularly the role of selection, less is known
about the gains from trade in the empirically more relevant case under which firms face some
amount of uncertainty about how profitable their venture into foreign markets will be.

In this paper, we show that uncertainty about demand and profits in foreign markets
lowers the social value of trade. This is because uncertainty induces a reallocation of factors
of production from ex post profitable firms to ex post unprofitable firms. Since no firm
knows whether it will be profitable, both firms that will be profitable and unprofitable after
learning their demand in foreign markets choose to export, and consequently generate less
net surplus in the aggregate. Accordingly, ignoring the possibility of firm-level uncertainty
would lead one to overstate the true magnitude of the welfare gains from trade, and we
find this bias is particularly severe for countries and industries in which exporters face high
uncertainty about the demand for their product.

We proceed by establishing a structural framework that incorporates uncertainty and
can be used to quantitatively evaluate the gains from trade. Specifically, we compare a
benchmark trade model in which monopolistically competitive firms possess full information
about their profitability prior to making export decisions (e.g., Melitz (2003)), to a variant
that incorporates uncertainty similarly to Jovanovic (1982), by requiring firms make export
decisions prior to the revelation of their product’s demand in foreign markets. In the bench-
mark model, gains from trade operate through increased production in response to lower
costs and new firms’ self-selection into export markets. Incorporating uncertainty, however,
alters the mechanism governing self-selection into export markets. Firms choose whether
and how much to export based on ex ante information and beliefs, and accept risk that the
ex post realization of demand for their product could deviate from expectations. Using this
structural framework we study the effect of information on the welfare gains from trade in
three ways: theoretically, quantitatively and empirically.

Theoretically, we prove that uncertainty lowers welfare gains from trade because the re-



sponse of new or potential exporters to lower trade costs, which characterizes the effects of
uncertainty on trade flows and welfare, is larger when firms’ ex post profitability is uncertain.
The result follows from recognizing that when firms only observe the ex ante component of
their profits, the distribution over firms’ information sets is less dispersed than the distri-
bution over information sets for firms that have full information about their profits. When
decisions are informed by a less dispersed information set, there is less perceived risk for
any individual firm and, as a result, uncertainty creates a larger set of firms who would be
now willing to enter export markets in response to lower trade costs. In this case, there is
a greater reallocation of factor inputs from ex post profitable firms to ex post unprofitable
firms, leading to a larger loss in net surplus due to less stringent self-selection into exporting.

While we show that uncertainty increases the elasticity of trade due to selection, the
magnitude of the response is a quantitative issue. Accordingly, we estimate the model using
Brazilian microdata on export quantities and export sales, and show that the structurally
estimated trade elasticities are systematically larger in the economy with uncertainty than in
the complete information economy, on average 7% larger. Therefore, uncertainty amplifies
an increase in export sales from new entrants in response to a decline in variable trade costs
relative to the model with complete information. We further find that this amplification
effect is larger when an export destination exhibits larger demand uncertainty, as measured
by the variance of ex post demand shocks. Finally, we use a stylized symmetric two-country
example to show that complete information economies overstate the welfare gains from trade
and the magnitude of the bias is larger when the variance of ex post demand shocks is larger.

Methodologically, we show that identifying the partial trade elasticities under uncertainty
requires data on quantities traded while the complete information case can be identified from
sales data alone.! We consider a simple identification strategy that relies on the revealed
preference of firms. Firms export a greater quantity when they have lower costs or believe
destination markets highly demand their exports, and thus we recover the distribution of
ex ante heterogeneity from these export decisions.? Thus, the sales distribution is simply
the ex post realization of these destination-specific demand shocks. In the complete infor-
mation benchmark, on the other hand, the sales distribution contains all information that

reveals firms’” information at the time of making export participation decisions. The distri-

"'While the benchmark model remains close to standard assumptions in the trade literature, we show that our
identification strategy also holds in several extensions including quality upgrading (Kugler and Verhoogen
(2012)) and variable markups (Melitz and Ottaviano (2008)).

2The key identifying assumption is that firms choose quantities and allow prices to clear markets. In Ap-
pendix E, we show that our results are robust to allowing firms to choose a price instead, and then com-
mitting to export a quantity demanded under that price. In either case, our structural estimation does not
make requirements on knowing how much information firms have at the time of their export decision, it
simply allows that amount of information is imperfect and there is some uncertainty about outcomes.



butions of quantity exported and sales therefore embody all the relevant information from
the perspective of the underlying models.

Finally, we find reduced form empirical evidence for the effect of information uncertainty
on the partial trade elasticity. In particular, we perform a series of cross-sectional gravity
regressions that control for information availability and demand dispersion.> We use ethno-
linguistic diversity as a proxy for limited information on demand, which captures the notion
that idiosyncratic demand shocks are less observable by exporters in a demographically di-
verse export destination, since exporters will have less precision in predicting demand from
demographics in destinations with greater demographic heterogeneity, and that greater ho-
mogeneity in the underlying population would make demand more predictable. We further
construct a theory-consistent measure of demand dispersion, where the variation in the dis-
persion of sales across export destinations occurs solely due to differences in the dispersion of
the destination specific demand shocks. We find support for the main theoretical and quan-
titative results of the paper: (i) trade is more elastic when demand is harder to predict and
is therefore more uncertain, and (ii) this elasticity is larger in markets with more dispersed
demand.?

This paper shows that the information structure faced by firms is crucially important
for measuring the extensive margin response to a decline in trade costs. For countries or
industries in which exporters face demand uncertainty, assuming away information asym-
metries understates the magnitude of extensive margin adjustments to changes in variable
trade costs and, therefore, overstates the welfare gains from trade.

This paper is related to several strands of the literature on international trade. First,
the benchmark model is based on Melitz (2003) and is further developed in many influential
papers, such as Chaney (2008), Bernard, Redding, and Schott (2010), Arkolakis, Costinot,
and Rodriguez-Clare (2012), Melitz and Redding (2015). A growing branch of the literature
has demonstrated that models incorporating uncertainty along the lines of Jovanovic (1982)
are well suited to match salient patterns of empirically observed firm behavior such as firm
growth as a function of age and size (Arkolakis, Papageorgiou, and Timoshenko (2018)), firm
product switching behavior (Timoshenko (2015b)), and firm input and output pricing be-

3We use the distance data from the CEPII GeoDist database (Mayer and Zignago, 2011), bilateral aggregate
trade data and export sales dispersion data from the World Bank Exporter Dynamics Database (Fernandes
et al., 2016), and proxy information availability with ethic, linguistic, and religious diversity scores from
Alesina, Devleeschauwer, Easterly, Kurlat, and Wacziarg (2003).

4We find that the interaction term on distance and each of the diversity scores is negative and statistically
significant, lending support for our quantitative results. The triple interaction term between distance,
information uncertainty and dispersion in a standard gravity regression will therefore measure the additional
effect of demand dispersion on the amplification effect of uncertainty. We find that the triple interaction
term is also negative and in some specifications statistically significant, lending further support for our
quantitative results.



havior (Bastos, Dias, and Timoshenko (2018)). Although models that follow the benchmark
have focused on decomposing and measuring trade elasticities, the normative implications of
models that incorporate uncertainty, particularly for measurements of trade elasticities and
the welfare gains from trade, are not yet well understood.’

In terms of decomposing trade elasticities, this paper shows that selection into exporting
(and hence the extensive margin of trade elasticity), depends on the information structure
faced by firms. Previous work has shown that the partial elasticity of trade with respect
to variable trade costs can be decomposed into an intensive and an extensive margin of
adjustment components (Chaney (2008)), and that the extensive margin adjustment cru-
cially depends on the distributional assumptions with respect to the sources of firm-level
heterogeneity (Melitz and Redding (2015)). Sager and Timoshenko (2019) characterize a
flexible distribution that well describes firm-level heterogeneity and find the extensive mar-
gin trade elasticity to be small. With respect to trade elasticity measurement, this paper uses
a structural model with alternative assumptions about information and specifies firm-level
data requirements necessary for identification. Existing work focuses on full information
benchmarks that estimate trade elasticities using aggregate trade flows and prices data (see
Eaton and Kortum (2002) and Simonovska and Waugh (2014)) or trade flows and tariff data
(Caliendo and Parro (2015)).9

This paper relates to several related papers on information asymmetries in trade. The
most closely related papers to this one are Timoshenko (2015a) and Dickstein and Morales
(2016). Both study information asymmetries in trade by using data and theory to infer
information available to firms when making export participation decisions. Notably, those
papers focus on firm-level outcomes, while this paper’s focus is macroeconomic in scope and
therefore complementary to this previous work. Specifically, this paper uses insights about
export participation decisions from these previous papers to understand the aggregate impli-
cations of imperfect information on changes in variable trade costs and the gains from trade.
Accordingly, this paper makes assumptions that are customized to computing welfare gains
and trade elasticities (such as estimating heterogeneity in shocks that lead to sales and quan-
tity outcomes) but does not focus on other assumptions that can characterize the extensive
margin of trade (such as heterogeneity in fixed costs of exporting). Despite the difference in
focus, this paper’s model captures the firm-level relationships found in the previous litera-

ture (Timoshenko (2015a) finds that past continuous export history predicts current export

5A notable exception is Arkolakis, Papageorgiou, and Timoshenko (2018), who characterize constrained
efficiency of a model in which firms learn about demand but do not engage in international trade.

6This literature further finds elasticities estimated from aggregate trade flows are smaller than those es-
timated from disaggregated industry-level data (Imbs and Mejean (2015)), and that there is substantial
heterogeneity in bilateral trade elasticities due to heterogeneity in countries’ industrial production (Imbs
and Mejean (2017)).



choice, and Dickstein and Morales (2016) finds that firm-level sales and industry averages
predict exporting for large firms but not for small firms) because firms in our model that
have positive ex ante information about productivity levels are more likely to be large and
export.

Finally, this paper relates to other recent work on trade policy uncertainty and the timing
of trade investment. Handley and Limao (2015) similarly find that uncertainty lowers welfare,
but show that there is less entry into foreign markets when trade policy is uncertain because
firms find it costly to engage in irreversible investments. Those authors examine a wait-
and-see mechanism with intertemporal uncertainty, while this paper studies a static entry
decision in which cross-sectional, idiosyncratic uncertainty is only resolved after a export
participation decision is made. Baley, Veldkamp, and Waugh (2019) develop a model in
which firms export more when there is greater uncertainty about the terms of trade in
bilateral trade relationships, which can also be thought of as trade policy uncertainty, yet
the welfare effects are ambiguous and depend on preferences.”

The rest of the paper is organized as follows. Section 2 presents the theoretical framework.
Section 3 theoretically characterizes the difference between trade elasticities in economies
with and without uncertainty, and describes the implications of uncertainty for identify-
ing key model parameters. Section 4 details our estimation procedure for measuring trade
elasticities. Section 5 presents estimation results and computes a counterfactual trade lib-
eralization to quantify welfare in the two information environments. Section 6 estimates
a gravity equation that controls for information availability and demand dispersion. Sec-
tion 7 concludes. All proofs, derivations and theoretical elaborations are relegated to the

Appendix.®

2 Theoretical Framework

This section outlines our main theoretical framework. We consider an economic environment

in which heterogeneous firms export products to monopolistically competitive markets. This

"There are other papers that consider the effects of information on trade. Bergin and Lin (2012) show that
the entry of new varieties increases at the time of the announcement of the future implementation of the
European Monetary Union, suggesting that changes in the information available to firms have immediate
consequences for firms’ decisions; Lewis (2014) studies the effect of exchange rate uncertainly on trade;
Allen (2014) shows that information frictions help to explain price variation across locations; Fillat and
Garetto (2015) show that aggregate demand fluctuations can explain variation in stock market returns
between multinational and non-multinational firms.

8 Appendix A provides a detailed description of the demand uncertainty model and complete information
model. Appendix B provides proofs to propositions. Appendix C incorporates endogenous quality into
the model framework, while Appendix D incorporates variable markups, in order to show how quantitative
results are robust to alternative assumptions. Appendix E demonstrates that our results under uncertainty
are robust to firms choosing price instead of quantities. Appendix F provides model parameter estimates.



environment is similar to that in Melitz (2003), and we assume exogenous entry as in Chaney
(2008). All derivations are relegated to Appendix A.
There are N countries and K sectors in each country. Each country is indexed by j and

each sector is indexed by k.

2.1 Demand

Each country is populated by a mass of L; identical consumers. Each consumer within
country j owns an equal share of domestic firms and is endowed with a unit of labor that is
inelastically supplied to the labor market. The preferences of a representative consumer in

country j are represented by a nested constant elasticity of substitution utility function

K N ) N - o
v =11 (Z [, (5) et dw) , (1
i=1 Y WElijk

k=1

where €2, is the set of varieties in sector & consumed in country j originating from country
i, ¢ijr(w) is the consumption of variety w € i, € is the elasticity of substitution across
varieties within sector k, zf.’jk,(w) is the demand shock for variety w € Q;;, and py is the
Cobb-Douglas utility parameter for goods in sector k£ such that 215:1 e = 1.9

Cost minimization yields a standard expression for the optimal demand for variety w €

Q;jk, given by
.. _ zf.k,(w) B ey, Pek—l 9
Cije(w) = €595 pyjp (w) ikLiE (2)

where p;ji(w) is the price of variety w € Qj, Yji is total expenditures in country j on

varieties from sector k, and Pj; is the aggregate price index in country j in sector k.*°

2.2 Supply

Each variety w € ;;;, is supplied by a monopolistically competitive firm that has access to a
linear production technology that transforms labor into output, ¢ = exp(z*)¢. Upon entry,
a firm selling from country ¢ to country j in sector k is endowed with an idiosyncratic labor
productivity level z%; and a set of idiosyncratic product-destination-sector specific demand

shocks, {ijk}jzlw,, ~.1' Productivity and demand shocks are drawn from independent dis-

9The superscript p in zi i (w) stands for an ex post shock. This will become clear when we discuss information
structure in Section 2.3.

°Due to the assumed Cobb-Douglas utility specification over consumption bundles across sectors, Y =
kY5, where Y; is aggregate income in country j.

U The idiosyncratic demand shocks are realized by consumers, but are a payoff relevant state for the firms.
Thus, when firms enter they draw their realization of the idiosyncratic demand of consumers that deter-
mines their sales. Following Foster, Haltiwanger, and Syverson (2008), who document that idiosyncratic



tributions. Firms draw productivity, 2%, from the cumulative distribution function denoted
by Gf,(2f,) with associated density function gf;(.), and draw demand, z};,, from the cu-

mulative distribution function denoted by G, (zj;;,) with associated density function gj,(.).
Without loss of generality, we normalize the mean of gfjk() to zero.!?

Firms from country 7 selling output in sector k to country j face fixed costs, fijx, and
variable ‘iceberg’ trade costs, 7;;. Fixed and variable costs are denominated in units of labor,
and w; denotes the wage rate in country j.

Each firm can potentially supply one variety of a product from each sector. Firms decide
in which markets to export (the extensive margin decision) and how much to export to each
of the chosen markets (the intensive margin decision). Without loss of generality, we assume
that firms choose a quantity to export. Prices are the result of market clearing given the

exported quantity of the variety, and then export sales are realized along with prices.!?

2.3 Information Structure

We consider an environment with complete information and an environment with uncertainty.

In the environment with complete information, firms observe all idiosyncratic shocks
before making decisions. Namely, firms observe their productivity, 2, and demand shocks,
zfjk, before deciding where to export and how much to export. As we demonstrate below, the
firm’s decision relevant variable in the complete information environment is the profitability
shock, denoted by z;ji, which is a linear combination of the productivity and the demand
shock:

L, = %0 p P
Zijk = Q2 + Pz, (3)

In the environment with uncertainty, firms do not observe all idiosyncratic shocks before
making decisions. We will refer to the observed component of the profitability shock as an

ex ante shock, and denote it by 27, so that the superscript a specifies it as an ex ante shock.

firm-level demand shocks, rather than productivity, account for a greater variation of sales across firms,
we focus on the demand shocks that are firm specific. Each firm from country ¢ draws a separate demand
shock for each destination j and sector k. The ijk subscript on zij i therefore indicates that idiosyncratic
firm-level demand shocks are origin-destination-sector specific. The subscript does not refer to an aggre-
gate origin-destination-sector level shock that is common across firms. We abstract from such potential
aggregate shocks since they do not affect properties of the distribution of quantities or sales across firms,
which is the focus of our analysis.

12Because the distributions are drawn independently, we can normalize the mean of G¥ Jk() to zero so that
the distribution G} & () determines the mean of the overall idiosyncratic shock, described below in equation
(3).

13 Alternatively, we can assume that firms choose and commit to a price at which they will export and engage
in production. After prices are set, demand shocks are realized and foreign markets order market-clearing
quantities. While we conform to the standard learning model of Timoshenko (2015b) by assuming that
firms choose quantities, we confirm in Appendix E that both firm-decision setups yields similar results.



Without loss of generality, we therefore assume that firms observe only their productivity

iik» before deciding where to export and how much to export.
ik

shock, z

After all export decisions have been made, demand shocks, z;. , are realized and prices
clear markets. We will refer to the initially unobserved component of the profitability shock
as an ex post shock, hence superscript p. Therefore, in this set-up and in contrast to the
complete information environment, the firm’s decision relevant variable is the productivity
ik
Overall, in the environment with complete information, the selection into exporting and

shock, 2, , which is only one component of the profitability shock, z;;p.

the intensive margin decisions will be based on the realization of a profitability shock, z;jx,
while in the environment with uncertainty, the same decisions will be based only on the
realization of an ex ante component of a profitability shock, z{,. This difference leads to
different implications regarding the magnitude of the partial trade elasticities with respect
to variable trade costs across information environments, and provides novel insights into
which data are suited to structurally identify the partial trade elasticities under different
information environments.

Even though our framework is static, in a dynamic sense the ex post demand shocks can
be viewed as transitory. In reality these shocks have some persistence as exporters engage in
repeated shipments to a market over time and subsequently learn about the foreign demand
for their product. While the assumption of transitory demand is stark, it allows us to sharply
characterize the channels through which information affects trade decisions and provides us
with a sharp identification assumption that we can use to contrast with static models with

complete information such as Melitz (2003).

2.4 Environment with Complete Information

In the complete information environment, a firm’s problem selling from country ¢ to country

7 in sector k consists of maximizing profit
Wijk(zijk) = maXpijk(fZZ‘k)Qijk - %szk - wifijk7 (4)
Qijk e~k
subject to the demand equation (2). The firm’s optimal revenue can be expressed as

riji(Zige) = Biji ™ (7i5) 7 (zi51), (5)

where B;j;; is an origin-destination-sector fixed effect common across firms exclusive of the
variable trade costs. Function f7(.) is a strictly monotonically decreasing function, and

function f#(.) is a strictly monotonically increasing function.'* Variable z;; is a firm specific

6k71
Spectcally, By = (%22) " Wl VP, () = 7l and £ (o) = e

€k ()



idiosyncratic profitability draw, where in the context of equation (3) the weights on the
productivity and demand shocks are given by a® = (¢, — 1) and a? = 1 respectively.

A firm exports if its profit from exporting is positive: m;;x(z;;1) > 0. Further, CES
preferences imply that a firm’s variable profit is a constant share of its revenue and is given
by rik(2iji)/€x. Hence, selection into exporting is determined by the variable profit being

greater than the fixed export cost:
Tijk(Zijk) /€ > Wi fijk- (6)

Since revenue function is strictly increasing in profitability, z;;;, equation (6) determines
the profitability entry threshold z;;k that is implicitly determined by T,]k(z;k) Jex = Wi fijk-

Therefore, a firm exports if z;;; > 27, and does not export otherwise.

Trade Elasticity: Given the endogenous selection into exporting that is based on the
realization of profitability shocks, the total trade flows from country ¢ to country j in sector
k, Xijk, are defined as

X = 50 - G5 3) [ Bl ) ) )
ijk — Ji ijk\~ijk - ijk iJ 1 — ijk(zjjk) )

ijk

where J; is the exogenous mass of potential entrants in country 7, and g7;,.(.) and G7;,(.) are
the probability and the cumulative distribution functions of the profitability shock z;jj.

The partial elasticity of trade with respect to the iceberg trade costs, 7;;, can then be

written as
25k o2 *
dlog Xy, dlog f7(7;) %k gi (2551)
0log 7;; - dlog 7;; L s dz |’ (8)
Y N fz;jk e gin(2)dz
level of the : : . g o
partial trade elasticity Intensive margin extensive margin
contribution contribution

Notice that since function f7(.) is a strictly decreasing function, dlog f7(7;;)/0log 1;; < 0,

which implies that the partial trade elasticity is negative, as expected.

2.5 Environment with Uncertainty

In an environment with uncertainty, a firm from country ¢ chooses the quantity it will export

to country j in sector k in order to maximize its expected profit

WiTy
Ezipjk[ﬂijk(zgjka zjp,)] = max B (pijk(zfjk)%jk - ﬁ%’jk) — w; fijk (9)

Qijk

subject to the demand equation (2). Notice that in contrast to the firm’s problem under

complete information presented in equation (4), under uncertainty, a firm’s decision relevant

10



variable is the observed ex ante component, z{;, of the profitability shock, z;;x. The ex-

pectation is then computed based on the distribution of the unobserved ex post component,
z; ] 1., of the profitability shock, z;j.

The resulting realized revenue of the firm can be written as

Tigk (20 Zn) = Bigk 7 (7i5) [P (200 f* (2051.), (10)

where B;j;, is an origin-destination-sector fixed effect common across firms exclusive of the
variable trade costs. Functions fP(.) and f%(.) are strictly monotonically increasing func-
tions.!?

A firm exports if its expected profit from exporting is positive. Hence, selection into

exporting occurs when expected profit is greater than zero:
Eop mige(25% 2)] 2 0. (11)

When held with equality, equation (11) determines the entry threshold z{ such that a

firm exports if 2%, > z% . and does not export otherwise. Hence, selection into exporting

ijk zyk’

under uncertainty is determined solely by the realization of an ex ante component of the
profitability shock.

Trade Elasticity: Given that selection into exporting is based on the realization of the ez

ante component, z{,, of the profitability shock, z;;, the total trade flows from country ¢ to

ijk>
country j in sector k, Xjji, are given by

—+o00 o0 a
a ax* T a 9ij ( )
Xijk = Jl(l - z]k( zgk))/ |:/ Bijkfp<zzpjk)f (Tij)f (Z)gfjkz( z]k)dzzjk 1— Gj]; ( ax )dZ,
Z5 —00 ijk\Zijk

where g, (.) and G,.(.) are the probability and the cumulative distribution functions of the

ex ante component, 2, , of the profitability shock, z;j.

The partial elasticity of trade with respect to the iceberg trade costs, 7;;, can then be

written as
T " Zax
810g Xijk o 6logf (Tij) ( 1 i ” gz]k( zgk) > (12)
> o . +oo .

dlogr,  _Ologr, fza;k R IErE
level of the : : . ~ g -

. . intensive margin ; ;

partial trade elasticity contribution extensive margin

contribution

where z{;, is the weighted ex ante component of the profitability shock, and 2, and gwk( )

er—1 IS

—1 =k 2P
BSpecifically, By, = (2=1)"  wl=ov, P [ E e P2 = e &, and fe(zdy) =
p Y, Dijk = n i FLETS B ) ijk ) ijk) =

e(ekfl)ziljk.

11



are the corresponding entry threshold and the probability density function. Corresponding

a

with equation (3), 2, = a®zf;, where a® = (e — 1).

3 Characterization of Trade Elasticities

In this section we develop two main theoretical results. In Section 3.1, we prove that un-
certainty increases the partial trade elasticity because the extensive margin contribution of
the partial trade elasticity, which captures the effect of uncertainty on trade flows, is larger
when firm’s ex post component of the profitability shock is uncertain. In Section 3.2, we
show that identification of the extensive margin contribution to the partial trade elasticity
requires different data in the two environments. Under complete information export sales
data identify the elasticity, while under uncertainty identification requires the use of data
on quantities exported. Lastly, in Section 3.3 we show that the identification strategy is ro-
bust to alternate model assumptions. We demonstrate that the identification result holds in
economies with various frictions including endogenous quality choice (Kugler and Verhoogen,
2012) and variable markups (Melitz and Ottaviano, 2008).

3.1 Size of Trade Elasticities Across Information Environments

The partial elasticities of trade flows with respect to variable trade costs in the environments
with complete information and with uncertainty are defined in equations (8) and (12) re-
spectively. Notice that in both information environments the partial trade elasticity depends
on an entry threshold and the corresponding distribution of the underlying state variable.
Accordingly, the partial trade elasticity admits the same functional form across the two

information environments,

(91nXijk 010g fT<’7'ij)
—_— v ———(1 13
o (z,9"(x)) Dlog (1 +7(x)), (13)
where the extensive margin contribution is
_ e'g’(z)
() = 5= : (14)

[ erg®(u)du
The variable z is the entry threshold, which is 2 in the complete information environ-
ment and is Z} in the environment with uncertainty. Furthermore, g*(.) is the probability

density function of the underlying decision-relevant idiosyncratic shock, and is given by the

distribution, gfjk(.), of the profitability shock, z;;x, in the complete information economy and
is given by the distribution, gf_jZ(), of the weighted ex ante component of the profitability

shock, zj%), = a2z}, in the environment with uncertainty.

12



Equations (13) and (14) make it clear that the difference in the partial trade elasticities
across the two information environments arises solely from differences in the extensive margin
component, y(x). We next show that the extensive margin of the partial trade elasticity is

larger under uncertainty than under complete information, which is summarized as Result 1

below.6

Result 1: Under a mild set of assumptions, the extensive margin of the partial trade elas-

ticity is larger under uncertainty compared to the complete information.

Conceptually, the result follows from a straightforward application (under mild condi-
tions) of seminal characterizations of uncertainty, specifically that if a distribution second
order stochastically dominates another then the dominant distribution has a higher mean
over any concave function of the random variable. Given that the profitability shock, z;j,
is a mean-preserving spread of the weighted ex ante component of the profitability, z, the
hazard rate associated with the profitability distribution is lower than the hazard rate asso-
ciated with the distribution the weighted ex ante component of the profitability. This insight
allows us to conclude that the extensive margin of the partial trade elasticity, and therefore
the overall partial trade elasticity, is higher in the environment with uncertainty than with
complete information. This result arises from information dispersion and not some property
associated with risk aversion, as firms operate constant returns to scale technologies.

To compare the extensive margin component, vy(x), across the two information environ-

ments notice that v(z) can further be expressed as a hazard rate

h(z)

V(z) = 1= H{) (15)
where the probability density function h(x) is defined as
_ e'gi(z)
h(x) = Foo s (16)
/ e"g*(u)du
and the corresponding cumulative distribution function is defined as
/ e'g"(u)du
H(z) = 7% : (17)
/ e"g" (u)du

Result 1 relies on two properties of the hazard rate function. The first property is that

the hazard rate is a monotonically increasing function. The second property is that for

16See Appendix B for a proof of Result 1.
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an increasing hazard rate function, above a certain value, the hazard rate associated with
a mean preserving spread of a distribution is lower than the hazard rate associated with
the base-line distribution. We relegate the rigorous proofs of these properties and Result
1 to Appendix B. Here, we discuss what those properties mean for the distributions of the
idiosyncratic firm-level shocks, and provide a basic intuition for Result 1.

Assumption 1 below ensures that the extensive margin elasticity, (), is a monotonically

increasing hazard rate function.

Assumption 1 (A1) The probability density function g*(x) has the following properties:

(i) x € R is the support of the distribution,

(ii) E(e*) = fj;o e"g*(u)du exists and is finite, and
(111) the function log <fx+oo e“gx(u)du) is concave in x.

Assumption (i) is trivial and Assumption (ii) ensures that the probability and the cumu-
lative distribution functions h(.) and H(.) are well defined. Assumption (iii) ensures that
function 7(z) is a monotonically increasing function of z. Assumption (iii) states that the
log of the conditional expectation of an exponential function is a concave function of the
threshold value. Intuitively, this assumption requires that the upper tail of the distribution
g°(x) does not have too much mass.'” Without such a restriction, total sales of marginal
firms relative to average sales could become very small as the threshold increases, and the
extensive margin elasticity, 7(z), might not be monotonically increasing in x. The standard
distributional assumptions made in the literature all meet this requirement.'®

Next, notice from equation (3) that the profitability shock z;jj, is a mean preserving spread
of the weighted ex ante component of profitability zj;, = a“®zf;. Therefore, distribution
g*(.) is a mean preserving spread of distribution ¢**(.). As a result, the corresponding
cumulative distribution function, G*(.), crosses G**(.) once from above. This single-crossing
property of the cumulative distribution functions is preserved by the transformations in
equations (16) and (17), and subsequently by the corresponding hazard rate function defined
by equation (15). Hence, the entire hazard rate function y(x) under complete information
crosses the hazard rate function under uncertainty once from above. Therefore, provided
the corresponding entry thresholds are sufficiently high, the extensive margin of the partial

trade elasticity under complete information is lower than under uncertainty.

"Heavy-tailed distributions, e.g. distributions that violate assumption (ii), are sometimes said to have the
property of log-convexity.

18For example, the Normal distribution, Exponential distribution (with an appropriate restriction on the
scale parameter) and the Double Exponentially Modified Gaussian distribution all satisfy this requirement.
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To summarize, trade is less elastic under complete information because the distribution
of the shock that determines the partial trade elasticity is more dispersed under complete
information than under uncertainty. Under uncertainty, trade elasticity is determined by
the distribution of the ex ante component of the profitability shock, while under complete
information trade elasticity is determined by the distribution of the entire profitability shock,
a mean preserving spread of the ex ante component. As a result, the associated hazard rate
(the extensive margin of the partial trade elasticity), and consequently the partial trade

elasticity, is lower under complete information than under uncertainty.

3.2 Identification of Trade Elasticities

Equations (13) and (14) inform what data are needed to structurally identify the partial trade
elasticities. First, notice that the overall level of the partial trade elasticity is determined
by the direct effect of changes in variable trade costs on the sales of individual exporters,
the intensive margin of trade elasticity dlog f7(7;;)/0log ;5. This component does not de-
pend on the information structure. In the model with CES preferences considered here,
Olog f7(7i;)/0log T;; = (1 — €), and hence is entirely determined by the preferences.
Second, the intensive margin is then augmented by the changes in trade flows generated by
the selection mechanism, the extensive margin of trade represented by ~(x). The extensive
margin of trade indicates changes in trade flows due to entry and exit of new exporters.
Observe that the extensive margin of the partial trade elasticity is entirely dependent on the
entry threshold, x, and the distribution of the underlying idiosyncratic shock associated with
the entry threshold, ¢*(.). Hence, to structurally estimate the partial trade elasticity, more
specifically the extensive margin component, one needs to estimate the distribution governing
export decision-relevant idiosyncratic shocks and the respective selection threshold. How
these two objects can be recovered from the data crucially depends on the information

environment, as we now explain in detail.

3.2.1 Complete Information

In the the complete information environment, the profitability entry threshold 27, and the
distribution of the profitability shock gfjk() can be directly recovered from export sales data.
Consider export sales equation (5). The logarithm of equation (5) yields logr;jx(zijk) =
log B, +log f7(7;;) +1og f*(zi1). In our set-up, the functional form f*(z) = e*. Hence, the

logarithn of export sales is given by

log rik(2ijk) = log Bij, + log f™(7;) + zijk, (18)
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if zijr > 23, From equation (18) it is clear that the cross-sectional distribution of export
sales, mimics the distribution of the underlying idiosyncratic profitability shocks augmented
by a constant. Hence, by fitting a parametric distribution to the cross-sectional distribution
of log-export sales of firms from country ¢ in destination j and sector k, one can directly
recover the distribution gfjk(), up to a mean.'® The entry threshold 23, can subsequently be
recovered by matching the model-implied average-to-minimum ratio of export sales to that
in the data, following the methodology of Bas et al. (2017):

- . (T Cgiu(2)
Average-to-Minimum Ratio Sales = ¢ " / ] dz. (19)
= Prob, (2 > z;)

3.2.2 Uncertainty

In the model with uncertainty, sales alone are no longer sufficient to identify the partial trade
elasticity. Based on the partial trade elasticity equation (8), under uncertainty one needs
to recover the weighted ex ante profitability entry threshold, z, and the corresponding
distribution ngZ() Consider following the same steps as under complete information and
take the logarithm of the export sales equation (10):

log 7k (2551, zf’]k) = log B;jx + log f7(7;) + (1/€x) zfjk + Ziks (20)

if 2%, >z, There are two distinct idiosyncratic shocks that determine the distribution of
log-export sales: the weighted ex ante shock zj%, and the ex post shock zfjk Only one of
those shocks is relevant for the identification of the partial trade elasticity under uncertainty:
the weighted ex ante shock z,.

Hence, under uncertainty, the one-to-one mapping between the decision relevant shocks
a

(weighted ex ante shock zf;

identify the partial trade elasticity. In fact, it is only the ex ante portion of sales that is

) and sales is broken, and sales data alone are insufficient to

needed to infer partial trade elasticities. To extract the ex ante component of sales, additional
data are needed. The structure of the model can further be used to guide the identification
strategy.

Recall from the firm’s problem described in equation (9) that firms choose quantities
based on the realization of ex ante shocks. Hence, the quantity data can contain information
regarding the needed distribution of the ex ante shocks. The optimal quantity of a firm is

given by

Gijk(Z5) = Bigrf ™ (1i5) f7(Z51), (21)

19Given that the hazard rate of a distribution does not depend on the mean of that distribution, the mean
can further be normalized.
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where B;jj, is an origin-destination-sector fixed effect common across firms exclusive of the

. . - Zal= —k_za
variable trade costs, and the functions f™(r;) = 7,;% and f>*(z},) = es 1> The

logarithm of equation (21) therefore yields

€k

log giji(Z;x) = log Byjx + log f™(75) + ek——lzgjk’ (22)

if 2%, > 2. Hence, for a given value of the elasticity of substitution €, the cross-sectional

distribution of log-export quantity data completely recovers the underlying distribution of
the decision-relevant shock under uncertainty: the weighted ex ante component of the prof-

itability shock z%,. The entry threshold z¢

ik i7k.o can then be recovered by matching the model-

implied average-to-minimum ratio of export quantity to that in the data:

€L 2 3

. . . _ ke [T e QZZ(Z)
Average-to-Minimum Ratio Quantity = e <174k
z

z,a —ax
ar Prob (= > zi%)

dz. (23)

To summarize, quantity data identifies the extensive margin contribution to the partial
trade elasticity by enabling inference about the ex ante component of the profitability shock.
In contrast, it is only appropriate to identify the partial trade elasticity using export sales

data when firms possess complete information about their demand.

3.3 Robustness

The finding that the identification of the partial trade elasticity relies on using the quantity
data under uncertainty and on using the sales data under complete information is more
general than appears at first. The finding also holds in economies with various frictions.
In Appendix C and D we formally demonstrate the robustness of this result with respect
to two common frictions: endogenous quality choice and variable markups respectively. It
continues to hold that, regardless of the frictions, quantity versus sales data contain separate
information about ex ante versus ex post shocks that are needed to identify the partial trade
elasticities under each of the information environments. Below, we succinctly demonstrate

these insights.

3.3.1 Endogenous Quality Choice

In the context of a model with endogenous quality choice along the lines Kugler and Ver-
hoogen (2012), the partial elasticity of trade with respect to variable trade cost admits the

same general functional form as in equations (8) and (12). With endogenous quality, func-

20 . €p—1 €k —€g €p—1 Lik “
Specifically, Bjji = (T) w; YR P Ezfjk ek .
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tion f7(.) is augmented with parameters of the quality production function, yet preserves the
monotonically decreasing property.?! Hence, the overall level of trade elasticity in a model
with endogenous quality choice may be different from the baseline model regardless of the
information environments. The distinction in the partial trade elasticities between informa-
tion environments, however, arises from the extensive margin component that depends on
the distribution of profitability shocks versus the weighted ex ante profitability shocks that

are identified using sales versus quantity data.

Complete Information: In Kugler and Verhoogen (2012), under complete information,
the revenue function admits the same general functional for as in the baseline model equation
(5). The revenue similarly depends on the profitability shock, z;;,. The profitability shock is
defined as the weighted sum of the ex ante and the ex post shocks, as in equation (3). The
only distinction from the baseline model is that the weights a® and of are augmented with
the parameters of the quality production function.?? Given that these weights do not impact
the relation between the profitability shocks and log-export sales and do not factor into
the estimation of the extensive margin of the partial trade elasticity, the sales data alone
continues to identify the extensive margin of the partial trade elasticity under complete
information in a model with endogenous quality choice in exactly the same way as in the

baseline model.

Uncertainty: Under uncertainty, the log-export sales data embeds both the ex ante and
ex post shocks, while only weighted ex ante shocks determine selection in exporting and
the extensive margin of the partial trade elasticity. Hence, similarly to the baseline model,
one needs the log-quantity data to recover the underlying distribution of the weighted ex
ante shock. With endogenous quality choice, the weight on the ex ante shock is augmented
with the quality production function parameters. This weight however does not impact the
relation between the weighted ex ante shocks and the log-export quantity.

Hence, from the perspective of structural estimation of the partial trade elasticities, the

two frameworks are isomorphic.

3.3.2 Variable Markups

To examine the implications for identification of trade elasticities in the presence of variable

markups, consider a model along the lines of Melitz and Ottaviano (2008). To generate

(—ep)Bx

21Specifically, f7(7;;) = Tig’“*(l”’“)“k*” , where 8 and ~y, are parameters of the quality production function.
See Appendix C for details.

2Specfically, a® = (e — 1)fe/[6k — (1 — %) ex — 1) and 07 = G/ B — (1~ ) (ex 1), where f and

v, are parameters of the quality production function. See Appendix C for details.
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variable markups, the model assumes quadratic preferences in the differentiated goods sec-
tor. This assumption breaks the log-linearity of the revenue and quantity functions in the
profitability shocks. Hence, the estimation strategy that we developed for the CES economy
has to be altered. In this section, we demonstrate that the identification of the partial trade
elasticity relies on using the sales (and, in the case of quadratic preferences, quantity) data
under complete information, and relies on using the quantity data alone under uncertainty,
as suggested in the baseline model, and leave the development of the estimation method
for our future work. To ease explication, we abstract from multi-sector environment and

consider a model with one differentiated goods sector.

Complete Information: In Melitz and Ottaviano (2008), under complete information, the

partial trade elasticity can be expressed as follows:

+00 o -1
0log X _ o f_oo (U’?‘)QG»(Ufj/Tij)gZ(UZ)dUZ 1 (24)
OlogT; Jo (g2 (1= Gy () g () du ’
where u; and ufj are monotonic transformations of the respective ex ante and ex post
profitability shocks, gf;(.)(G¥;(.)) and g7;(.)(G7;(.)) are the probability (cumulative) density

functions of ug; and ufj respectively. Hence, to estimate the trade elasticity, one needs to

recover the distributions of both of the profitability shocks. That information is contained

in the sales and quantity given by

Ti](u”,u ) = %((UZ)Q (TZJUZJ)Q)’ (25)
ql]( z]’ a) = 5—;(’& Tl]“z]) (26)

where L; is the country j’s population size, and 7 is a parameter of the utility function.

According to equations (25) and (26), the distributions of the needed ex ante, ug;, and ex

post, u?., shocks can be recovered from the joint distribution of the sales and quantity data

15
via the respective transformations by assuming a parametric distribution for the underlying

shocks and using the maximum likelihood estimation method.

Uncertainty: Under uncertainty, the partial trade elasticity can be expressed as follows:

+00 u?. 2 -1
Olog Xij 9 fu?f (u“f) g3 (i) dusy 4 27)
8log Tij - Ga ( a*) '

In contrast to the complete information environment, under uncertainty, the partial trade

elasticity depends only on the distribution of the ex ante profitability shock uf; and the
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z';7
certainty. Both of these objects can then be recovered from the export quantity given by
L
27y

respective entry threshold, ¢, similar to the results in our benchmark economy with un-

(E(ul;) — mijul;) . (28)

Gij(ug;) i o

In sum, the main elasticity identification message developed in the baseline model in
Section 3 also holds in the environment with variable markups: different data identify trade
elasticities under complete versus incomplete information environments. In the Melitz and
Ottaviano (2008) framework considered in this section, one requires quantity and sales data
to identify trade elasticities under complete information environment, and one requires quan-

tity data alone to identify trade elasticities under uncertainty.

4 Quantifying Trade Elasticities

In this section we use data across Brazilian exporter on the distribution of export quan-
tities and sales by destination-industry over time to quantify trade elasticities between an
environment with uncertainty and complete information. Accordingly, Section 4.1 describes
the data and presents sample summary statistics. To proceed, Section 4.2 describes four
steps to implement the elasticity identification strategy described in Section 3.2: a choice of
a parametric distribution for the decision-relevant shocks, a method to estimate the para-
metric distribution, a method to correct for endogenous selection, and a normalization of
values of the elasticity of substitution across varieties. Section 4.3 provides estimates of trade

elasticities.

4.1 Data

The data come from the Brazilian customs declarations collected by SECEX (Secretaria
de Comercio Exterior).”® The data record export value and weight (in kilograms) of the
shipments at the firm-product-destination-year level. A product is defined at the 6-digit
Harmonized Tariff System (HS) level. We use the data for the period between 1997 and
2000, when both the sales and the weight data are available.

We proxy the theoretical notion of export quantity with an empirical measure of export
weight.24  The properties of export weight differ substantially across industries. Hence,
we further conduct our analysis at the destination-year-industry level where we define an

industry as a 6-digit HS code.

ZFor a detailed description of the dataset see Molinaz and Muendler (2013). The data have further been
used in Flach (2016) and Flach and Janeba (2017).
2 Export weight is used as a measure of export quantity in a number of studies including Bastos et al. (2018).
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We define an observation to be a distribution of export quantity or sales across firms
for a given destination-year-industry triplet, and focus on observations where at least 100

t.25 The final sample consists of 190 destination-year-industry observations, and

firms expor
covers 14 destinations and 35 industries.?® Table 1 provides summary statistics of log-export

quantities and log-export sales distributions in our sample.

4.2 Elasticity Estimation Procedure

4.2.1 Parameterizing Distributions

To proceed with estimating the partial trade elasticities we, first, need to parametrize the
distribution, g . (), of the profitability shock, z;;, and hence the logarithm of export sales,
in a model with complete information, and the distribution, g;7;(.), of the ex ante component
of the profitability shock, 2z, , and hence the logarithm of export quantity, in a model with
uncertainty.

The majority of the trade literature has relied on either a Pareto distribution (Axtell,
2001; Chaney, 2008) or a log-Normal distribution (Bas et al., 2017; Fernandes et al., 2015)
in modeling firm level heterogeneity.?” However, the Brazilian data reject the assumption
of a Pareto distribution and favors a more flexible distribution that can capture left-tail
fattness as well as right-tail fatness, as well as some distributions across markets are not
characterized by fat tails at all. To this end, we parameterize the distributions using a
Double Exponentially Modified Gaussian (DEMG) distribution that combines features of
both the Normal and double Pareto distributions to obtain cases with left tail fatness, right
tail fatness or at least one thin tail. Sager and Timoshenko (2019) have shown that a DEMG
distribution provides a superior fit to the empirical distribution of the logarithm of export
sales compared to an Exponential or a Normal alone (note that the logarithm of a Pareto
distribution follows an exponential distribution and the logarithm of a log-Normal follows a
Normal distribution).

Hence we proceed by parameterizing distributions gf]k() and gf;,‘:() with a Double EMG
distribution, DEMG(u, 0%, A1, Ar), described by the following cumulative distribution func-

25The thresholds of 100 firms makes our results comparable to other papers in the literature (see Fernandes
et al. (2015), Sager and Timoshenko (2019)) and ensures that an empirical distribution can be accurately
described by percentiles. The qualitative features and basic quantitative results are not heavily dependent
on the exact threshold we select within the neighborhood of 100 firms (results are available upon request).

26We note that there are 232,553 destination-year-industry observations in the entire data-set. We focus on a
sub-sample of 190 observations where at least 100 firms export. Among the remaining 232,363 observations
where less than 100 firms export, the median and the average number of exporters is 1 and 3.3 respectively.
Hence, these markets are unlikely to be characterized by a monopolistic competition environment, and the
forces of endogenous market selection that we seek to identify in our paper would not apply.

2T A notable exception includes Nigai (2017) who assumes a mixture of log-Normal and Pareto distributions.
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tion:

_a (P M e mang (T
G(z)=9® < . ) Y )\Re R - ARO
AR )\L(z—u)—I—ﬁ)\2 2= [
+ /\L T )\Re L o )\LO' s (29)

where ®(.) is the cumulative distribution function of the standard normal distribution.?®
The Double EMG distribution provides a very flexible generalization of common distri-
butional assumptions used in the literature. From equation (29), for example, as o — 0 and
Az — 0, the Double EMG distribution converges to an Exponential (Pareto) distribution, as
assumed in Chaney (2008). As A\, — +o0 and Ag — 400, the Double EMG distribution con-
verges to a Normal distribution, as assumed in Bas et al. (2017) and Fernandes et al. (2015).
As 0 — 0, the Double EMG converges to a Double Exponential (Pareto) distribution. By
assuming the Double EMG distribution we, therefore, allow the data to recover the best fit
of distribution between the Exponential, Normal, Double Exponential or the corresponding
convolutions. We estimate parameters of the Double EMG distribution separately for each

of the log-export sales and the log-export quantity observations in our sample.

4.2.2 Distribution Estimation Method

We follow Sager and Timoshenko (2019) in estimating the parameters of the Double EMG
distribution using a Generalized Method of Moments (GMM) procedure that minimizes the

sum of squared residuals,

Np
: data 2 2
min i — xi(u, o7, Ap, A ,
(102 AL ) z:: & (1,0, 2r, Aw))
where 2% is the i-th percentile of the empirical log-export sales or quantity distribution for

a given destination-year-industry, z;(u, 0%, Az, Ag) is the model implied i-th percentile for
given parameters (u, 0%, A\, Ag), and Np is the number of percentiles used in estimation. We
use the 1st through 99th percentiles of the empirical log-export sales or quantity distribution
to estimate parameters. In practice, this choice eases computational burden compared to
using each data point, without significantly changing the parameter estimates we recover.
Furthermore, note that choosing parameters to minimize the sum of squared residuals is
equivalent to Head et al.’s (2014) method of recovering parameters from quantile regressions.

Hence, for each destination-year-industry observation, we choose distribution parameters
(, 0% A, Ar) so that the percentiles of the theoretical log-export sales or quantity distribu-

tion match the percentiles of the empirical log-export sales or quantity distribution.

28For notational compactness we drop the ijk subscripts in this section.
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4.2.3 Correcting for Endogenous Selection

In fitting a distribution to the log-export sales or quantity data according to equations (18)
or (22), it is important to note that the model implies truncation in the data. Namely,
in a model with complete information, equation (18) holds only when z;;, > zi;, or when
log rijr > logr};; in a model with uncertainty, equation (22) holds only when Zisk > Zigp, OF
when log gijr > log q;;.-

To account for the endogenous selection into exporting, we follow the approach by Sager
and Timoshenko (2019). Namely, we proceed by fitting a truncated probability distribution
function g7, (.) (gf]g()) to the log-export sales (quantity) data and take the truncation point
log rik (log qj]k) to be given by the zeroth percentile of the corresponding log-export sales

(quantity) distribution.

4.2.4 Values for ¢

Finally, our quantification method requires assuming values for the elasticities of substitution
across varieties, €,. They are needed to pin down the level of the partial trade elasticity,
dlog f7(7i;)/0log 7;;, which, under the assumption of the CES preferences, is given by (1—¢);
to recover parameters of the distribution of the weighted ex ante profitability shock according
to equation (22); and to solve for the entry thresholds according to equation (23) .

We proceed by using the values of the elasticities of substitution across varieties, e,
from Soderbery (2015), which refines estimates in Feenstra (1994) and Broda and Weinstein
(2006).2% In principle, these estimates for the elasticity of substitution across varieties are
estimated under the assumption of complete information and could require an alternative
identification assumption to accommodate incomplete information. However, in order to
facilitate the comparison between environments with complete and incomplete information,
we choose to hold the elasticities of substitution constant at their complete information val-
ues. This allows us to cleanly quantify differences in the trade elasticities across information
environments that arise directly from the differences in the economic mechanism of selection.
Alternatively, we could have assumed ¢, = 5 for each k, similarly to Dickstein and Morales

(2016), but this does not affect our main results.

4.3 Estimates of Trade Elasticities

Given estimated distribution parameters and entry thresholds according the estimation pro-

cedure described in Section 4.2 and presented in Appendix F for completeness, we compute

29Soderbery (2015) estimates the elasticity of substitution values at the HS-10 digit level using the U.S.
import data. To use Soderbery (2015) estimates aggregate the elasticities to the HS-6 digit level equally
weighing corresponding HS-10 sub-categories for each HS-6 category.
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the partial trade elasticity, 0log X;;x/0log 7;;, and the extensive margin contribution to the
trade elasticity, 7,5, according to equations (8) and (12) for a model with complete infor-
mation and uncertainty respectively. Table 2 presents estimation results.

Observe from Panel A in Table 2 that an average contribution of the extensive margin to
trade elasticity under uncertainty as measured by the log-export quantity data is 0.07 versus
0.003 under complete information as measured by the log-export sales data. This quantitative
finding reiterates our theoretical Result 1 that trade is more elastic under uncertainty due
to the differences in the extensive margin response to changes in variable trade costs. In
the next section we provide a detailed discussion of the significance of these magnitudes for

trade and welfare.

5 Analysis and Implications of Elasticity Estimates

In this section we compare the estimates of trade elasticities between the two information
environments. Given that trade elasticities are larger under uncertainty (see Section 3.1), we
quantify the magnitude by which uncertainty amplifies the measurement of trade elasticities,
and examine how this “amplification effect” depends on the extent of uncertainty as measured
by the dispersion of ex post shocks. Using counterfactual simulations, we subsequently show
that the model with complete information overstates the welfare gains from trade. We
demonstrate that this occurs because the model with complete information features too

strong of a selection mechanism.

5.1 Quantitative Effect of Uncertainty on Trade Elasticities

Result 2: The sample average partial trade elasticity with respect to variable trade costs is
7% larger when estimated under uncertainty compared to the complete information environ-

ment.

Panel B in Table 2 directly compares the elasticity estimates across the same observations
between the two information environments. In particular, it reports summary statistics of
the ratio of the quantity implied trade elasticity relative to the sales implied trade elasticity.
We refer to this ratio as the amplification effect. Notice that the the model with uncer-
tainty produces partial trade elasticities that are on average 7% larger than under complete
information.

As argued in Section 3, trade is more elastic under uncertainty solely due to the higher
magnitude of the extensive margin contribution to trade elasticity under uncertainty com-
pared to complete information. Our estimates in Panel B in Table 2 produce a higher

contribution of the extensive margin to trade by an order of magnitude of 10°. To motivate
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this magnitude, consider the following example. Suppose trade increases by a million dollars
due to a decline in trade costs. Then, a trade elasticity estimate from a complete information
model would attribute approximately $3,000 out of a million dollars of new trade to trade
generated by entrants. In a model with incomplete information, $65,000 out of a million
dollars can be attributed to trade by entrants. Hence, complete information dampens the
(already small) contribution of new exporters to trade. Conversely a model with uncertainty
amplifies the contribution of the extensive margin to trade.

There are two distinct reasons for why our estimates produce seemingly small magnitudes
of the extensive margin contribution of the partial trade elasticity. The first reason is an
abundance of small exporters in export sales and quantity distributions in our dataset. The
dataset includes the universe of customs declarations and therefore contains smaller firms
than most standard datasets where small firms are not always recorded. Sager and Timo-
shenko (2019) discuss the potential biases that may contaminate estimation on truncated
data and yield larger estimates of the extensive margin trade elasticities. The second reason
is the static nature of the model combined with the standard assumption of fixed export
costs. As we showed in Section 2, the model implies a unique profitability or productivity
market-entry threshold. Hence, all entrants and exiters in the model will necessarily be the
smallest firms in the economy. As a result, their contribution to export sales will also be
small. In Section 5.3, we show that these seemingly small elasticities estimates nonetheless

imply large welfare responses to a trade liberalization in General Equilibrium.

5.2 Role of Dispersion of Ex Post Shocks

The magnitude of the uncertainty amplification effect is tightly linked to the extent of vari-
ation arising from the ex post shocks. In a model with uncertainty, the log-export sales and
quantity are related according to

€ — 1 Zf ;

——log gijk + F B+ =2, (30)
€k €k

log Tijk =

1 ep—1

where FIEj, = log YJ;:’“PJIJ’“ . Notice that the distribution of the ex post shocks, zfjk,

generates a wedge between the distributions of log-export sales and log-export quantity.
This wedge is larger when the variance of ex post shocks is higher. If the variance of the
ex post shocks is zero, then the distributions of log-export sales and log-export quantity
would coincide, yielding no amplification effect. As the variance of the ex post shock rises,
the distributions of log-export sales and log-export quantities are more dissimilar. Hence we
would expect a larger amplification effect of uncertainty on the extensive margin contribution

to trade elasticity.
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Given equation (30), we measure the extent of ex post variation in a given destination-
year-industry as the difference between the variance of log-export sales and the variance
of log-export quantities. Following the identification strategy of Berman et al. (2019) for
estimating the demand shocks, we assume that ex ante (productivity) and ex post (demand)
shocks are independent from each other. This assumption implies that the ex post shocks
are uncorrelated with log-export quantities, which, under uncertainty, depend only on ex

ante shocks. Applying the variance operator to both sides of equation (30) then leads to

v <ZLp’“) — V(logrj) — (Ek — 1)2V(10g Gjk)- (31)

€k €k

We first compute the variance of log-export sales, V (log 7)), and the variance of log-export
quantity, V (logg;x), across firms within a given destination-year-industry observation.We
then use equation (31) to back out the value of the variance of the ex post shocks, V' (zﬁ’k / ek)

for each destination-year-industry observation.

Result 3: The difference in the trade elasticity estimates between environments with uncer-

tainty and complete information is larger when ex post shocks are more dispersed.

Figure 1 depicts the relationship between the variance of the ex post shocks and the
amplification effect. The x-axis measures the variance of the ex post shocks, while the y-axis
measures the ratio of the export quantity implied relative to the export sales implies esti-
mate of the extensive margin elasticity. The figure confirms that the difference in elasticity
estimates between the complete information and uncertainty economies increases with an
increase in the dispersion of ex post shocks. In the data, exporters do not have full informa-
tion about product about the realization of ex post (demand) shocks in destination markets

and introducing uncertainty into the model leads to a larger extensive margin adjustment.

5.3 Welfare Implications

In this section we quantify the effect of information structure on welfare gains from trade.
To do so, using the insights from Arkolakis et al. (2012), we first illustrate a theoretical
connection between trade elasticities and welfare. We next perform a counterfactual exercise
where we calibrate parameters of the model with uncertainty and simulate counterfactual

welfare by changing only the information structure of the model.
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5.3.1 Theoretical Mechanism

In both information environments, the total trade flows between country ¢ and j in industry
k can be written as
Xijr = Jiekwifijk#gf‘kz(x*)a (32)
Vg ()Y
were in the environment with complete information, z* is the profitability entry thresh-
old 25;; in the environment with uncertainty, =
threshold z77.

Equation (32) provides a crucial link between the extensive margin of the partial trade

*

is the rescaled ex ante profitability entry

elasticity and trade flows and shows that, holding all else constant, the two variables are
inversely related. As shown in Section 3, the value of the extensive margin elasticity is lower
under complete information relative to an environment with uncertainty. Hence, holding
all else constant, the corresponding value of trade flows is higher and the implied domestic
trade share is lower in an environment with complete information relative to uncertainty.
This leads to higher potential welfare gains from trade as suggested by the Arkolakis et al.

(2012) result extended to a multi-sector environment:

K -1
In(W;) oc Y A% I (7;_:) , (33)

were W; denotes welfare (real income) of country i, L;, denotes country i’s employment in

sector k, and ;) denotes the share of expenditure in sector k& devoted to domestic goods.
A lower value of the extensive margin of the partial trade elasticity, 7;;z, leads to a lower
absolute value of the partial trade elasticity, |n;|, and a lower value of the domestic trade
share, m;; ;. As per equation (33), the welfare is inversely related to both of these magnitudes,
and therefore the welfare gains from a decline in variables trade costs are higher for lower
values of the extensive margin of the partial trade elasticity. Hence, a model with complete

information will predict higher welfare gains from trade relative to a model with uncertainty.

5.3.2 Empirical Significance

In this section we quantify errors in the measurement of the welfare gains from trade aris-
ing from changes in the information environment faced by firms. To do so we proceed by
calibrating a model with uncertainty to match the estimated trade elasticities in Section
4.3, first and second order moments of the export sales and quantity data. We quantita-
tively illustrate that a model with complete information leads to significant errors in the

measurement of welfare gains from trade.
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For expositional simplicity we conduct our exercise using a symmetric two country en-
vironment with one industry. We assume that there is no uncertainty in the home market.
In the foreign market, firms face ex post demand shocks as described in Section 2. We fur-
ther assume that ex post shocks are drawn from a Normal distribution with mean my and
variance vz.

We calibrate the general equilibrium of a model with uncertainty to match moments of the
data on export quantities and export sales as follows. For a given distribution of log-export
quantity, we recover parameters of the Double EMG productivity distribution (the standard
deviation, v?, the left and right tail parameters, 7 and g, respectively) using a truncated
Double EMG distribution fit to the log-export quantity data as described in Section 4. We
next calibrate the fixed export cost, f,, the variable trade cost, 7, and the mean of the
productivity distribution, m, to match the average-to-minimum ratio of export quantity,
the minimum export quantity, and the average value of export sales. Hence, the calibrated
general equilibrium of the model will reproduce the estimates of the trade elasticities from
Section 4.3.

We next calibrate the variance of ex post demand shocks, v3, to match the difference
between the variance of log-export quantity and log-export sales as described in equation
(31). We further normalize the mean of the demand shocks as follows: my = —v3/(2¢).
Such normalization of the mean ensures that changes in the variance of the ex post demand
shocks have no scale effects on the profitability of firms. Hence, potential difference in the
predictions between a model with uncertainty and complete information will arise solely
from changes in the information environment and not from changes in the level of demand
expectations.?’

As discussed in Section 4.2.4, we take the elasticity of substitution estimates from Soder-
bery (2015). Without loss of generality we normalize the remaining parameters of the
model.?!

Having calibrated the general equilibrium of a model with uncertainty, our goal is to
quantify errors in the measurement of the welfare gains from trade arising from changes in
the information environment. Hence, holding all structural parameters at their respective
calibrated values we simulate the general equilibrium and trade liberalization starting from
that equilibrium using a model with uncertainty and a model with complete information.

The results of this simulation are presented in Figure 2. Each dot in Figure 2 represents a

30 As shown in Appendix A, conditional on the origin-destination-sector fixed effect Bjjk, the export thresh-
, €k
olds between a model with uncertainty and complete information differ by a factor of (Ezp_k (eszk/ 6’“)) .
ij

Given the normalization, this expectation equals to unity.
311, =108, f; = 1, respective values of J are chosen to ensure labor market clearing.
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simulation for a given observation as defined in Section 4.1.32

Result 4:  Complete information environment overstates welfare gains from trade by 1%
to 12% from a 10% decline in variable trade costs. The welfare wedge increases when ex post

shocks are more dispersed.

Figure 2 depicts the welfare wedge from a 10% decline in the variable trade costs.
The welfare wedge is constructed by subtracting the percentage points increase in welfare in
the model with uncertainty from the percentage points increase in welfare in a model with
complete information. For example, the value of 2 on the y-axis indicates that if a model
with uncertainty predicts an x% increase in welfare due to a 10% decline in the variable trade
costs, a model with complete information will predict an increase in welfare amounting to
x%+2%.

Figure 2 shows errors in computing the welfare gains from trade arising from the effect
of information on exporting: A model with complete information overstates the gains from
trade, and the magnitude of the bias is larger in more uncertain environments, as measured

by the standard deviation of the ex post demand shock and varies from 1% to 12%.

5.3.3 Discussion

Uncertainty lowers the gains from trade as compared to the complete information environ-
ment because uncertainty dampens the forces that lead to selection of firms into export
markets, as demonstrated in Figure 3. Figure 3 depicts the ratio of the number of exporters
(Panel A) and the average exporter size (Panel B) in the initial simulated equilibrium be-
tween a model with complete information and a model with uncertainty.

Observe from the Panel A of Figure 3 that the equilibrium number of exporters in the
model with complete information is always lower than in a model with uncertainty. Hence,
there is less entry under complete information. Panel B of Figure 3 indicates that those
few firms, which export under complete information, generate average trade flows that are
orders of magnitude larger than under uncertainty:.

The patterns depicted in Figure 3 are driven by selection based on productivity versus

profitability introduced in Section 2. In particular, under complete information, firms con-

32 As described in Section 4.1, our sample consists of 190 observations of the distributions of export sales and
export quantities across firms for a given destination, year, and industry triplet. We perform the described
calibration procedure separately for each observation where such calibration is numerically feasible. A
calibration is numerically feasible when moments of the Double EMG distribution exist and are finite, i.e.
when £g/e > 1 and when v} > 0. There are 76 such feasible observations.

33We have replicated results for changes in trade cost ranging from a 50% decline to a 50% increase in
the variable trade costs. While the magnitude of the welfare wedge increases with the extent of trade
liberalization, the positive relation between the welfare wedge and the standard deviation of the demand
shock is preserved for any level of a decline in trade costs. These results are available upon request.
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dition export decisions on the realization of ex ante and ex post shocks. Hence, only those
firms that will have high realized profitability shocks, therefore realized export profit and ex-
port revenue, choose to export. This results in low levels of entry, but high total trade flows.
In contrast, under uncertainty, firms selection into exporting occurs based on the realization
of ex ante shocks alone and based on expected profits. This results in more firms trying to
export due to incomplete information about their full profitability in foreign markets, but
lower total trade flows due to some of the firms being unsuccessful in exporting after ex post
shocks are realized.

These two forces lead to higher absolute value of the partial elasticity of trade flows with
respect to variable trade costs, higher domestic trade share, and hence lower welfare gains

from trade under uncertainty compared to complete information.

6 Empirical Evidence for Main Results

In this section, we provide a simple piece of reduced form evidence for the model mechanism,
by showing that information uncertainty increases the partial trade elasticity. In particular,
we use bilateral aggregate trade data and distance data from the World Bank Exporter Dy-
namics Database (Fernandes et al., 2016) and CEPII GeoDist database (Mayer and Zignago,
2011) respectively to perform a series of cross-sectional gravity regressions that lend support
for testable implications of Result 2 and Result 3 in Section 5.

We consider a number of the standard gravity regressions that are augmented with mea-

sures of information uncertainty and the dispersion of the ex post demand shocks as follows:

log X;j =7 +6; + [ilogDistance;; +
+ B2 log Distance;; - log In formation; +
+ fslog Distance;; - log Information; - Dispersion;; + €;;, (34)

where X;; is the aggregate trade flow from country 7 to country j; v; and J; are origin
and destination country fixed effects respectively; and Distance;; is a measure of distance
between country ¢ and country j.

Result 2 implies that trade is more elastic with respect to the variable trade cost between
a bilateral country pair ij compared to a country pair ij’ when country ¢ is more uncertain
about ex post demand shocks in country j compared to j'. Hence, for a given measure of
ex post demand shocks uncertainty or information about the ex post shocks in country j,
In formation;, our model predicts a negative and statistically significant coefficient £, in
regression (34). Hence, coefficient [, measures the amplification effect of uncertainty on

trade elasticity.
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Result 3 implies that conditional on the information structure, the amplification effect of
uncertainty is larger when the ex post shocks are more dispersed. Hence, for a given measure
of the dispersion of ex post demand shocks for country i’s goods in country j, Dispersion,;,
our model predicts a negative and statistically significant coefficient 5 in regression (34).

Sections 6.1 and 6.2 below describe our measures of Information; and Dispersion;;

respectively, and section 6.3 presents and discusses the regression results.

6.1 A Measure of Demand Uncertainty

The ideal measure for ex post demand shocks uncertainty must capture the ‘observability’ of
demand by exporters, i.e. the extent of the information that exporters have about demand in
a foreign market, prior to engaging in export activity in that market. We proxy for the avail-
ability of information to exporters with diversity measures from Alesina, Devleeschauwer,
Easterly, Kurlat, and Wacziarg (2003), which capture the diversity of ethnicity, religion and
language within a country. These proxy measures are not part of the usual suite of gravity
covariates in the literature.

We view these measures as capturing the notion that when consumers are demograph-
ically diverse, firms face more dispersion in idiosyncratic tastes and have less success in

predicting market-wide sales.?*

This view finds support in prior literature. In the context
of marketing, Bartezzaghi and Verganti (1995) and Bartezzaghi et al. (1999) identify con-
sumer heterogeneity as increasing the “demand uncertainty” faced by firms and causing an
important impediment to forecasting new product sales, and show that demand tends to
be more lumpy and less predictable when a market exhibits high consumer heterogeneity.
Accordingly, better information about market demographics can alleviate this uncertainty.
For example, Parrotta et al. (2016) show that there is a robust positive relationship in Dan-
ish firm-level data between a firm’s workforce diversity and its success in export markets
(e.g., the firm’s probability of exporting, export value, the number of export destinations
and products), citing that an ethnically diverse workforce improves a firm’s ability to market
its products abroad.

Alesina et al.’s (2003) diversity measures are constructed as one minus the Herfindahl

index of observed shares of different groups within a country,

N
Diversity; =1 — Z 5721]‘

n=1

where s,,; is the share of group n in country j. This diversity construct is meant to capture

34We include destination specific fixed effects to control for the possibility that more demographically diverse
countries may engage in more trade and therefore have a systematically higher expected amount of sales.
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the probability that two randomly selected individuals from a country’s population do not
belong to the same group. Alesina et al. (2003) take the data on shares of linguistic and
religious groups within a country from FEncyclopedia Britannica for the year 2001. The
source of ethnic data vary by country and the coverage ranges from 1979 to 2001.%

Table 3 provides summary statistics of the three diversity measures that are available
for up to 195 countries. Notably, according to these measures, South Korea is the least
ethnically and linguistically diverse country in the sample. Over 99% of the population
is comprised of ethnic South Koreans that also speak the Korean language. In contrast,
Uganda is the most ethnically and linguistically diverse country in the sample, with eth-
nic representation from the Ganda (17.8%), Teso (8.9%), Nkole (8.2%), Soga (8.2%), Gisu
(7.2%), Chiga (6.8%), Lango (6.0%) and Rwanda (5.8%) ethnic groups that speak thirty
different languages (Alesina et al., 2003).3°

The logic of our proxy measure is that exporters have more complete information about
demand for their products when exporting to South Korea than to Uganda. In South Korea,
exporters would only need to know the demand of a single ethnic group, which they will reach
with close to 100% probability. In contrast, when exporting to Uganda, exporters would not
only need to know the demand of eight ethnic groups, but the exporters are also uncertain
about which specific group(s) will see their exported product. Hence exporting to demo-
graphically homogeneous countries can be characterized by a more complete information

about demand compared to demographically heterogeneous countries.

6.2 A Measure of Demand Dispersion

A measure of ex post demand shocks dispersion must capture the variance of demand shocks
in an export destination regardless of whether those demand shocks are observable (a model
with complete information) or unobservable (a model with uncertainty). We therefore con-
struct a theory consistent measure of demand dispersion. Equations (18) and (20) imply that
under both information environments the variance of log-export sales across firms in country
1 selling to country j can be written as a weighted sum of the variance of productivity and

variance of demand shocks:
V(logry) = "V (2;) + osz(zfj), (35)

where, to be consistent with the empirical analysis, we have dropped the industry subscript
k.35 Equation (35) implies that for a given origin country 4, the variance of export sales

to destination j versus j' differs only due to the difference in the variance of the ex post

35For a more in depth discussion of the data and the three diversity measures see Alesina et al. (2003).
36Under uncertainty a® = (¢, — 1) and o = 1/ex; under complete information a® = (e, — 1) and ao? = 1.
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demand shocks, zf] Hence, for an origin country ¢, export destinations with larger variance
of export sales are associated with a larger variance in demand compared to destinations
with a smaller variance of export sales. Hence, our constructed measure of the dispersion of
the ex post demand shocks is given by the standard deviation of exports sales from country
1 to country j normalized by the average standard deviation of export sales from country ¢

across destinations j where country ¢ exports, i.e.

st.dev.(mj)
average;(st.dev.r;;)

Dispersion;; =

The data on the standard deviation of export sales are derived from the firm-level customs
data for each origin country and come from the World Bank Exporter Dynamics Database
(Fernandes et al., 2016). For the sample year 2001, the data cover 20 origin countries. Each
country in the sample exports to 149 destinations on average. Overall, the Dispersion;;
measure is available for 2,978 bilateral country-pairs.

Figure 4 plots the distribution of the Dispersion;; across export destinations j for an
average origin country i. Notice that relative to the standard deviation of export sales of an
average export destination (normalized to unity), the dispersion measure varies from as low
as less than one percent of the average to more than twice the average. Hence the export
data exhibit significant variation in the standard deviation of export sales across export
destinations. For a given origin country, we attribute these differences to differences in the

dispersion of the ex post demand shocks.

6.3 Gravity Results

We estimate equation (34) using cross-country bilateral trade flows data from the World Bank
Exporter Dynamics Database (Fernandes et al., 2016). The bilateral distance is measured
as the population weighted distance and come from the CEPII GeoDist database (Mayer
and Zignago, 2011). Our baseline sample year is 2001 and is chosen based on the availability
of the diversity measures. Each regression additionally includes an extended set of gravity

controls.3”

37The gravity controls are dummy variables for a bilateral trade pair sharing a common border, sharing
a common official or primary language, language is spoken by at least 9% of the population, sharing a
common colonizer post 1945, pair ever in colonial relationship, pair ever in sibling relationship, sharing a
common currency, common legal origins before transition, common legal origins after transition, common
legal origin changed since transition, origin is GATT/WTO member, destination is GATT/WTO member,
origin is donator, destination is donator, origin is a EU member, destination is a EU member, origin
country belongs to African, Caribbean and Pacific Group of States and destination country belongs to EU,
origin country belongs to EU and destination country belongs to African, Caribbean and Pacific Group of
States, dummy for free trade agreement, dummy for regional trade agreement. These data are taken from
CEPII GeoDist database (Mayer and Zignago, 2011). See the source for greater details.
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Table 4 presents the OLS estimates of regression (34). Column (1) in Table 4 presents
results from a simple gravity regression and serves as a benchmark for the rest of the results.
Columns (2), (4), and (6) estimate the effect of information structure on the bilateral trade
elasticity and provide a test of Result 2. In all three cases the effect of demand uncertainty,
the interaction term between log Dist;; and log Information;, is negative. In the case
of ethnic and linguistic diversity measures of uncertainty presented in columns (2) and (4)
respectively the effect is statistically significant at the 5% level, and in the case of the religious
diversity measure presented in column (6) the effect is statistically significant at the 10%
level. We next compute the amplification effect as the interaction term as a percent of the
trade elasticity coefficient on log Dist;;. Depending on the specification, uncertainty increases
the trade elasticity by 9 to 17 percent for each one percent increase in a diversity measure.
These magnitudes are consistent with the model implied amplification effect presented in
Table 2. Hence, we find strong reduced form support for Result 2 based on the aggregate
cross-sectional trade data.

Columns (3), (5) and (7) provide a further analysis of the effect of demand dispersion on
the partial trade elasticity. In all cases the triple interaction term is negative, and in the case
of the religious diversity measure, the triple interaction term is statistically significant at the
10% level. These findings provide further reduced form support for our Result 3 stating that
the amplification effect of uncertainty on trade elasticity is stronger when demand is more

dispersed.

7 Conclusion

This paper shows that the information structure faced by firms is important for measuring
the extensive margin response to a decline in trade costs. By assuming away information
asymmetries, trade elasticity estimates will likely understate the true magnitude of extensive
margin adjustments, particularly in countries or industries in which exporters face high
uncertainty about the demand for their product.

We find that under demand uncertainty trade flows are more elastic to changes in vari-
able trade costs and the welfare gains from trade are lower compared to an environment
with complete information. We show that these results arise because selection into export
activity is more stringent when potential exporters have complete information, as potential
exporters would not knowingly enter an unprofitable market. When potential exporters face
uncertainty about demand in foreign markets, a larger number of firms engage in risky ex-
port activity but only few firms become large exporters relative to economies with complete
information about demand.

We show this in three ways. First, we draw upon recent research that incorporates un-
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certainty into standard trade models by embedding a learning mechanism along the lines of
Jovanovic (1982) into trade models with heterogeneous firms as in Melitz (2003).>® With
demand uncertainty, firms must choose how much of their product to export prior to ob-
serving their destination specific demand shock and, therefore, make export decisions based
only on their ex ante information (productivity). We show that the basic structure of the
model is robust to alternative modeling assumptions, such as including variable markups or
allowing for quality upgrading. We use the structure of this model to prove that (under mild
conditions) the extensive margin of the partial trade elasticity, which characterizes the effects
of uncertainty on trade flows and welfare, is larger when demand is uncertain. This result
fills a gap in the literature by characterizing normative implications of such an alternative
information structure for measurements of the trade elasticities and the welfare gains from
trade.

Second, we quantify the model using Brazilian microdata on export quantities and export
sales, and show that the structurally estimated elasticities are systematically larger in the
economy with uncertainty than in the complete information economy. Furthermore, we use
a stylized symmetric two-country example to show that complete information economies
overstate the welfare gains from trade and the magnitude of the bias is larger when the
variance of demand is larger. Methodologically, we show that identification of the extensive
margin partial trade elasticity under uncertainty requires data on quantities traded while
the complete information case can be identified from sales data.

Third, we provide reduced form empirical evidence for our mechanism by estimating an
otherwise standard gravity equation with additional controls for information availability and
demand dispersion. The reduced form evidence supports the main theoretical and quanti-
tative results of the paper: (i) trade is more elastic when demand is harder to predict and
is therefore more uncertain, and (ii) this elasticity is larger in markets with more dispersed
demand.

The environment studied in this paper was made intentionally stark in order to maximize
clarity and be most comparable to existing static trade models. Dynamic extensions of this
model, that have been shown to capture a large set of empirical patterns of firm growth,
could lead to a more nuanced description of the relationship between firms’ information and

export activity. We leave such extensions of our results to future research.

38These models have been used to analyze firm behavior such as growth (Arkolakis et al., 2018), export
participation (Timoshenko, 2015a), product switching (Timoshenko, 2015b), and pricing decisions (Bastos
et al., 2018).
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Figures and Tables

Table 1: Properties of the log-export quantity and
log-export sales distributions across destination-year-

industry observations over 1997-2000.

Statistic Mean Standard Min Max

Deviation

Panel A: Properties of log-quantity

Standard Deviation 2.46

Skewness 0.09
Interquartile Range 3.48
Kelly Skew 0.02

0.48
0.40
0.82
0.13

Panel B: Properties of log-sales

Standard Deviation 2.28

Skewness -0.13
Interquartile Range 3.09
Kelly Skew -0.04

0.41
0.27
0.62
0.11

1.24  3.38
-1.00 0.96
1.88  5.50
-0.36  0.27
1.30  3.19
-0.88  0.57
1.74 447
-0.32  0.28

Note: the statistics are reported across 190

destination-year-industry observations where at least 100
firms export. An industry is defined as a 6-digit HS code.
Export quantity is measured as export weight in kilograms.
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Table 2: Trade elasticity estimates.

Extensive Margin  Partial Trade Elasticity,

Elasticity, vijx 0log X;ji/0log T,
Measure Mean  Std. Dev. Mean Std. Dev.
Panel A: Estimates of trade elasticity
Quantity based® 0.07 0.34 3.38 3.64
Sales based 0.003 0.02 3.54 3.76

Panel B: Amplification effect
Amplification effect’® 2.8-10° 1.6-105  1.07 0.34

@ The quanity based measure of trade elasticity is based on a model with demand
uncertainty. The summary statistics are reported across 175
destination-year-industry observations for which an estimates of the Double
EMG tail parameter Ap > (e — 1)/ex. The elasticities are not defined for
)\R S (Ek - 1)/6k

b The amplification effect is computed as the ratio of the quantity based relative
to the sales based estimate of trade elasticity. The summary statistics are
reported across 175 destination-year-industry observations for which the
elasticity is defined in terms of both quantity and sales based measures.
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Figure 1: Amplification effect and uncertainty.
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Notes: The figure depicts a scatter plot of the amplification effect and uncertainty. The amplification effect
is defined as the ratio of the extensive margin elasticity estimates between the quantity based and the sales
based measures. The dispersion of the ex post shocks is defined as the variance of the ex post shocks

estimated using equation (31). Each dot corresponds to a destination-year-industry observation. The solid

line is an OLS best fit line.
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Figure 2: The welfare wedge from a 10% decline in variable trade costs.
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Notes: The figure depicts the percentage point difference in the estimates of the welfare gains from trade
from a 10% decline in variable trade costs between a model with complete information and a model with

uncertainty. Each dot is a separate observation and represents a simulation result for that observation.

Figure 3: Conterfactual number for exporters and average exporter size.
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Figure 4: Distribution of the demand dispersion measure.
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Notes: The figure plots the distribution of the relative to the mean standard deviation of export sales across

export destinations for an average origin country.
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A Theoretical Appendix

In this section we provide derivations for the theoretical results in Section 2.

A.1 Environment with Complete Information

A firm’s problem selling from country ¢ to country j in sector k consists of maximizing profit

subject to the demand equation (2):
W;Tiq
Wijk(zijk) = maXpijk(fojk)Qijk - Z—q‘]qijk - wifijk- (36)
Qijk e ijk
The first order conditions with respect to quantity yield the optimal quantity given by

Gk—l

€k
ql’jk(zijkazzz‘)jk) = ( ) eEkZijk'i‘ijk(Tijwi>*€k5/}kpjl§_l. (37)

€k

Using equations (2) and (37), a firm’s optimal revenue is further given by

er—1

€ — 1 er—1 1—€, 1—€ ep—1)2% +2P.

Tijk(zz‘jk:) — ( - ) ijP]IICC w;~* T k olen—1)z, ik (38)
F P JfT(’Tij) f#(zijx)
Bk
where
N _ a P
zigr = (e, — 1) 25 + 121

a oP
(7

Hence the revenue can be written as being determined solely by the profitability shock z;ji,
a function of the variable trade cost, f7(7;;), and an origin-destination-industry fixed effect,
Biji, as stated in equation (5).

Substituting equations (38) and (37) into equation (36) yields optimal profit given by

-1
1 Ek - 1 ck P
_ er—1 1—ep 1—eg (ek—l)z@ +25
Tijk(Zijk) = pll S YirPi w1 e kT EE —w; fijk. (39)
N J/
VT
Tijk(Zijk)

Hence the optimal profit also depends solely on the profitability shock, z;;;, and can be

written as
Fijk(zijk) = arijk(zijk) - wifijk;- (40)

Notice from equation (38) that 7;;(2;x) is a strictly increasing function of the profitability

shock, z;;,. By equation (40), so is the optimal profit.
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A firm exports if its profit from exporting is positive:

Tijk(2ijk) > 0
1
—ri(zijr) — wifie > 0
€k
1
E—Tz'jk(zijk) > W fijk (41)
k

Since revenue function is strictly increasing in profitability, z;;,, when held with equality,
equation (41) determines the profitability entry threshold i, such that a firm exports if

*

Zijk = 21, and does not export otherwise. The profitability entry threshold 27 is implicitly

determined by

rige(Zigp)/er = wifiji

B fT(1ij) f*(253) = exwi fiji

Using the definition of function f*(z;;) from equation (38), the profitability entry threshold
is given by
z* €xW; fijk
efijk = ——————. (42)
Bijif7(7i5)
Trade Elasticity: Given the endogenous selection into exporting that is based on the

realization of profitability shocks, the total trade flows from country ¢ to country j in sector
k, Xijk, are defined as

+o0 z
9iin(2)
Xi'k: - Jl(l - 7,Z (Z;k ))/ Ti‘k(z> ]z * dZ,
! IRk 2 ’ 1_Gijk(zijk)

where J; is the exogenous mass of entrants in country i, and g7, (.) and G7;,(.) are the prob-
ability and the cumulative distribution functions of the profitability shock z;;;. Substituting

equation (38) for the revenue yields

z * oo T z gf]k(z)
Xge = Tl = Gilzt) / Bt () f7(2)— 282

ik 1 - fjk(zz‘jk)

Using the definition of function f#(z;;) from equation (38) and differentiating with respect

to 75 yields:
aXZ afT Tij too 2 = az: T z¥. z *
—uk sz/ Bijre gz‘jk(z>dz - Ji—JkBijkf (7i5)e ”kgijk(zijk)' (43)

aTij GTZ-]- ?jk 87’@'

A-2
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Differentiate equation (42) with respect to 7;; to obtain

Oz, dlog f7(7i))

= ) (44)
aTZ‘j aTZ‘j
Substituting equation (44) into equation (43) yields
8XZ (9]” Tiiq oo 2 3log fT Tii r 25 %
# = %Jz/ Bijke gwk(Z)dZ—i— JZTMBUIC]C (Tij)e ”kgijk(zijk) =
1] 1] Z;‘jk 1]
810ng Tij o Z LT z T 25z *
= WLJ) <Tiiji/ Bijre® fT(Tijw) 9ijn(2)dz + TijnJi Biji f 7 (7ij) €70 g (25) | =
& Zijk
dlog f7(ryy) [ _ . e gi ()
& fz;jk € gijk('z) z
Hence,
Olog Xy _ Olog f7(my;) ek g (255
dlog i dlog 7i; [i= e*g;(2)dz

Zijk

A.2 Environment with Uncertainty

A firm’s problem selling from country 7 to country j in sector k consists of maximizing the

expected profit subject to the demand equation (2):

w.T. .
Eep mije (2% 7)) = max Ep, (pijk(zfjk)%jk - ﬁ%’jk) — W fij- (45)

The first order conditions with respect to quantity yield the optimal quantity given by

P €k
L. a o € — 1 €k E Zggk 7€kY‘ Pekfl —€x ekzg.k 46
Gijr(Z5,) = 2| € w; “Yp b Tt ek, (46)
€k ~—

~ JfT’q(Tij)
Bijk

Using equations (2) and (46), a firm’s realized revenue is further given by

1 )
6]{71 2P, €k 2P
€ — 1 L 1- 1 _1—g, i —1)z8
rigk (Zgs k) = ( ) (Ez?-k (6 * )) w; FYp P T e el D
€ g N s e
k fP(zP ) fa(z‘.l.k)
N lfT(Tij) ijk g
Bijk
(47)

A-3
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Substituting equations (47) and (46) into equation (45) yields optimal expected profit given
by

(Gk - 1>€k_1 =, * 1 1 1 ( )28
. a D _ —€ky/. € — —€r (exg—1)z% . £
Ezfjk[ﬂmk(zijmzijk)] = ——— | Exr, (e w; Y Py T e Ik — W fijp-

(48)
A firm exports if its expected profit from exporting is positive:
Ezfjk[ﬂijk<zgjk’ ng)] > 0. (49)

Notice from equation (48) that expected profit is strictly increasing in the ex ante profitability
ijk-

entry threshold z{ such that a firm exports if zf}, > 2{, and does not export otherwise.

shock, 2%, . Hence, when held with equality, equation (49) determines the ex ante profitability

The profitability entry threshold 2% is therefore given by

1

eler=1)z w; fiji ' (50)

L0\
(€k71)6k71 = 1—exy/ ex—1 __1—ep
e (g, () wlovupg)

Trade Elasticity: Given the endogenous selection into exporting that is based on the

realization of the ex ante component, z of the profitability shock, the total trade flows

from country 7 to country j in sector k, X,j;, are given by

a (ax e e P \,P (P P ggjk(z)
Xije = Ji(1 — gz‘jk(zz‘jk)) rijk(2, Zz’jk)gijk(zijk)dzijk e %

o o 1- gfjk(zzgk)

a

where g, (.) and G;,.(.) are the probability and the cumulative distribution functions of the

a

ijk>
distribution function of the ex post component, 2j;. Substituting equation (47) for the

ex ante component, z{,, of the profitability shock, z;;; function gfjk(zfjk) is the probability

revenue yields:

+o00 a
a ax* T a 9i k<z)
Xijr = Ji(1 = gl (25%) /a* Bijilir, PG () f (Z)Wdz'
Zijk ijk \“ijk
Recall from equation (47) that f*(zf),) = e\~ D=5 Hence, introduce the following change
of notation: zf, = (er. — l)zfjk. The new variable z%, is characterized by a respective
probability, denoted by ¢*%(.), and cumulative, denoted by G*“(.), distribution functions.

A4
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Hence, the total trade flows can be written as

Z,a +OO T z gf7a( )
X’ijk = J( ngk( ij))[ BijkEijk [fp( zgk)] f ( Z]) 1 Gﬂzca( )
22N, Yk z]k;

Differentiation with respect to 7;; yields:

sax

aX”k af7'<7—”) +00 e
o5 = oy Ji /Zijk Bijk;Ezzpjk [fp(zf]k)] e gwk( 2)dz —

0z, T "
—i 0 BijkEijk [fp( zyk)} f (7'”)6 K g”k( zgk) (51)

]
Differentiate equation (50) with respect to 7;; to obtain

(921% _ Olog 7 (T,])

o;j 0T;j (52)

Substituting equation (52) into equation (51) yields

aXz]k _ af (7-7,]>J / Bz]kEzlp]k [fp<zp ):| ezgij( )dZ _

aTij 87'@] 10 igk
dlog f7(7i;) ax
+J@a—7_ZJJszkEzfjk [fp(zf;k)} f (Tz])e J gz]k( mk) =
log 7 (7:; g (20,
Olog ] (T]) Tz‘glxijk +Ti;1Xijk Foo g]k( jk)
87—2']' fzaj* gz]k( )dZ
Hence,
Olog Xij _ dlog f7(7i;) | ek gwk( fﬁc)
dlog 7 0log 7 ftoo ezgz]k( z)dz

ij

B Proof of Result 1

Result 1 Under a mild set of assumptions, the extensive margin of the partial trade elasticity

1s larger under uncertainty compared to the complete information

Consider function y(x), the extensive margin, where the superscript on function ¢*(.) has
been omitted for notational compactness:

m

o) — g9(z)

Proposition 1 below establishes two novel properties of the extensive margin ~y(x).

A-5
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Proposition 1 Let g(z) be a probability density function satisfying A1. Then the following
hold.

(i) v(z) = /f 2)dz is an increasing function of x.

(i) Denote the extensive margin elasticity associated with g(z) as y(x). Let g(x) be a mean
preserving spread of g(x), with extensive margin elasticity ¥(z). Then vy(z) and ¥(x)
satisfy the single crossing property. That is, there exists x* such that Y(x) < v(x) for
all x > z*, and Y(x) > v(x) for all z < x*.

Proof of Proposition 1

Part (i) First, define h(z) = (e*g(x))/E, where E = fj;o e”g(x)dx. Notice that h(x) is
positive for all x and that fj;o h(z)dx = 1. Hence, h(x) is a probability density function.
The corresponding cumulative density function is given by H(z) = [ e*g(z)dz/E. The
corresponding survival function is given by 1 — H(x) = f;oo “g(2)dz/E.

Next, function y(z) can then be written as

o eglm)  h(w)
o) = f;oo e?g(z)dz 11— H(x)

Hence, v(x) is a hazard rate associated with the distribution H(x). By Theorem 10 in Rinne

(2014), the hazard rate y(z) is monotonically increasing in z if and only if its logarithmic
survival function, log(1 — H(x)), is concave. Notice that by part (iii) of Al, log(1 — H(z))
is a concave function of x. Hence, () is increasing in x. For completeness, we reproduce
the proof of this result below.

Notice that

Hence,

dy(x) __ Plog(l — H(x))

dx dx?

Since log(1 — H(z)) is a concave function of z, d*log(l — H(z))/dz* < 0. Therefore,
dvy(z)/dz > 0.
Part (ii) Function §(x) is given by
- e’y () h(z)
() = Foo - = =~ )
[ erg(z)dz 1 — H(x)

T

where §(.) is a mean preserving spread of g(.), ﬁ(m) /f z)dz, and H(z) is

the corresponding cumulative distribution function.
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v(z) > #(z) if and only if H(z) > H(zx) as follows for the following set of equivalent

inequalities:
() = _dlog(ld; H(x)) N _dlog(ld; H(z)) ()
dlog(1 — H(z)) < dlog(1 — H(x))
/dlog(l _H(z)) < /dlog(l ~ H(x)
log(1— H(z)) < log(1— H(x))
H(z) > H(xz).

We will now show in three steps that H(z) crosses H(z) once from below, and therefore
there exists z* such that H(z) > H(x) holds for z > z*, and therefore (ii) holds.

Step 1: Denote by X and X random variables distributed according to g(x) and g(x)
respectively. Since g(z) is a mean preserving spread of g(z), it holds that X = X+ X, where
X is distributed according to g(z) with mean zero, and X is independent from X. Hence,

g(.) is a convolution of ¢(.) and g(.) and can be written as

i) = [ ™ o — W)

o0

Step 2: Denote by X", X" X" random variables distributed according to h(z), ﬁ(m),
and h(zx) respectively, where h(z) = [exg(a:)]/f_*;" e*g(z)dx. Similarly, it can be show that
h(.) is a convolution of h(.) and h(.):

. h(x —u)h(u)du fj;o ezg(l‘)dl’: , fj;o ewg(x)da::
J23 emg(a — w)g(u)du
fj;o ezg(ac)dx- : fj;o emg(a:)da:-
' e*(x) '
_f+°° e’fg(a:)d:c: ~ :f+°° ef”g(x)dx:

—00

/+°0 fj;o e tg(x —u)e g(u)du

Thus, it hold that X" = X" + Xh, where X" and X" are independent.

Step 3: Consider a random variable X = X" + X" — E(Xh) with the cumulative dis-
tribution function denoted by H(x). X is a mean preserving spread of X" and therefore
the two corresponding cumulative distribution functions satisfy the single-crossing property
whereby H(r) = H(z) if z = E(X"); H(x) < H(z) for x < E(X"), and H(z) > H(x) for
x> E(X").
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Next, notice that X" = X 4+ E(X"). Therefore the cumulative distribution function of
X" is a shift of the cumulative distribution function of X along the x-axis, namely H(z) =
H(z—E(X")). Hence H(x) preserves the same single-crossing property with respect to H (x).
Namely 3z* that that H(z) = H(z) if x = 2*; H(z) < H(z) for x < x*, and H(z) > H(x)
forz>a2*. W

Part (ii) of Proposition 1 shows that the extensive margin elasticity as a function of
threshold values x € R exhibits a single crossing property. The single crossing property
establishes that the extensive margin elasticity function associated with the cumulative dis-
tribution function of the mean preserving spread, 4(z), only crosses the extensive margin
elasticity function associated with the less dispersed cumulative distribution function, v(x),
once from above.

To provide further intuition for the single-crossing property of function ~(.), recall that,
by part (ii) of Proposition 1, g(x) is a mean preserving spread of g(z). Hence G(x) crosses
G(x) once from below. As shown in the proof of Proposition 1 above, this single-crossing
property is also preserved when defining a distribution according to the transformation in
equation (17), and is also preserved by 7(x). Therefore, y(z) also crosses ¥(z) from below
once, and for all values of x sufficiently large we know v(x) > 7(z).

A corollary of part (ii) of Proposition 1 is that the single crossing property of the extensive

margin holds for any affine transformation of the abscissa for either of the functions.

Corollary 1 Let g(z) be a probability density function satisfying A1. For all a € R there
exists x*(a) such that y(z) > Y(x + a) if v > z*(a), and y(z) < Y(x +a) if x < 2*(a).

Proof of Corollary 1
Notice that part (ii) of Proposition 1 implies a single crossing property of (.) and 7(.).
This property is preserved under an affine transformation of the abscissa for either of the

functions. Therefore, v(z) also crosses 4(x + a) from above for some z*(a).l

Together, Proposition 1 and Corollary 1 imply that the extensive margin of the partial
trade elasticity is larger under incomplete information.

Observe from equations (8) and (12) that the difference in the partial trade elasticity
between the two information environments arises from the extensive margin component.
Further, the difference in the extensive margin arises from two separate channels: the entry
threshold, z7;, versus z7%, and the distribution of the corresponding shock, gfjk() versus
gix(-). Assume that both distributions satisfy Assumption 1. It is worth noting that distri-
butions that are commonly used in the trade literature, such as Normal and Double EMG

distributions, satisfy Al.

A-8
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Recall that profitability shock z; is defined as z, = a2, + Ozpzfjk = Z{, + ozpzfjk,
where Zj%), and zfjk are independent and are drawn from the probability density functions
gfjg() and ggk() respectively. Without loss of generality we can assume that the mean of
9ix(-) equals zero. In this case, g7, (.) is a mean-preserving spread of g;, (.). Hence, by part
(ii) of Proposition 1 we know that Y (x) > y“I(x), where ‘U’ stands for Uncertainty and
‘CI’ stands for Complete Information, for a sufficiently high entry threshold x, and therefore
trade is more elastic under incomplete information given the same threshold value.

We, next, show that vV (z) > v“!(z) holds even if the entry thresholds are different. From

equations (42) and (50), the entry threshold zZ under incomplete information versus z;,

under complete information are related as follows: z = 2, — log (E v (exp(2,./ ek))> '
Therefore, the proper comparison of elasticities involves comparing ~y (x) and Y% (z + a),
where constant a = log (Ezf (exp( fjk/ek))> " By Corollary 1, for 2z high enough,

V(25 > v (zZ5 + a) =79 (2),), ie. trade is less elastic under complete information.

C A model with endogenous quality choice

In this section we introduce endogenous quality choice along the lines of Kugler and Ver-
hoogen (2012) into our baseline model of trade, and demonstrate that the identification of
the partial trade elasticity relies on using the sales data alone under complete information,

and relies on using the quantity data under uncertainty, as suggested in the baseline model.

C.1 Demand

Consider preferences described in equation (1) where consumption ¢;;(w) of variety w is

augmented by the quality of the corresponding variety, A (w):

-l

=1

HE

L ep—1 k1
/ (e ”k(w)) (Aijr(w)eijr(w)) dw) : (53)
weﬂijk

Cost minimization problem by consumers yields the optimal demand equation given by
p

Ciji(w) = €7 N (W) * i (w) " H Y Pt (54)

C.2 Supply

The supply side of the economy is the same as that described in Section 2.2 with the amend-
ment that firms face quality production costs as in Kugler and Verhoogen (2012). In par-
ticular, producing a good of quality A in sector k requires incurring quality-upgrading cost

given by M* /3, denominated in the units of labor, where 8, > €, — 1. Additionally, for a
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a
ijk>

labor: The unit labor requirement into producing a good of quality A is given by A%/ 2k

given labor productivity of a firm, z¥,, producing a good of higher quality requires more

where 0 < v, < 1.

C.3 Information Structure

We follow the information structure described in Section 2.3. We continue to distinguish
between an ex ante productivity, 2%, and an ex post shocks demand, zf’jk, shocks, and
define the cumulative profitability shock as z;, = 'zl + ozpzfjk.
C.4 Environment with Complete Information

The problem of the firm is given by

wiTs; 1
Tijk(2ijk) = q_r_rkla}_(_kpijk(zfjk)qijk - ﬁ)‘%@kqﬁk - wiEAiBjkk — Wi fijk, (55)
ik N\

subject to the demand equation (54). The resulting optimal quality, quantity, and revenue

of the firm are given by

1
e — 1\ o R eI
Aijie = <(1—7k)< - ) P Yw; k) X

€k
1—eg ep—1 a 1 P
X iéf’k—“—”k)(%‘“ BT (e~ ik T B (=) (e 1) “ijk

B =k
B =) =(B=0 =) (=) g, — 1\ F o1 Lo\ P D
Gijk = | (L= Pk - P Y, X
k
Qo) B —mk) 4 (e —1) (B —71) o 1 »
XTi?k*(lﬂxc)(érl) 6(4[3k—(1—'yk)(sk—1)+1>Zijk+4ﬁk—(1—'yk)(ek—l)zijk
ep—1
. e — 1 Br—k+1 ) B @ " B~ (=) (e —1)
- €k €)— —Pk =7k
rije(zigr) = | (L— k)™ ( p ) (Pj/; Vi) " w, X
k
N -~ s
Bijk
(1—€p)Bg
X e TR g (56)
J ~
E/—/ 2
fT(Tij) f (ZZ]]C)
where z;;;, is given by
Zijk = (er — 1) 25 + Zijk:
Be = (1= y)(er = 1) B = (L= )(e = 1) Y
M ar
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Notice that the revenue function admits the same general form as in the baseline model where
function f7(.) is augmented with parameters of the quality production function, v, and S,
yet preserves the monotonically decreasing property. The profitability shock is also defined
as the weighted sum of the productivity and demand shocks with weights being augmented
by the parameters of the quality production function. Selection into exporting is determined

by the zero profit condition
Tijk(Z55%) = 0,

or equivalently

Tijk(231) B~ 1 _6:;];) &~ 1) = w; fijk (57)

Given that the revenue function admits the same general form as in the baseline model
(see equation (5)), the calculations of trade flows, X;;;, and the partial trade elasticity,

Olog X;ji/0logT;;, are identical to those in the baseline model with complete information.

C.5 Environment with Uncertainty

The problem of the firm is given by

Wiij y o 1

—)‘ijkqm'k — w; 3, Ag@) — W fijk, (58)

. a P\ — (P o
Ezfjkmjk(zijk,zijk) = max Eijk (pz]k(zijk)quk N

QijksNijk

subject to the demand equation (54). The resulting optimal quality, quantity, and revenue

of the firm are given by

Ek—l Ek
Aijk = <(1—7k)< o ) B

o lmen -1 a
XTié’k*U*%)(ek*l) e Br—(—vg) (e —1) “ijk

Br=1p)=(B=0-) (e =1) (¢ — 1\
Gijk = ((1_’}%) B~k ( Ezfjk

€k

€k

1
Br— (A=) (ep—1)
ex—1y/ —€g
Py Yikw x

Br—,

Br—(1—g)
er—1 —€g
ij Yikw;

k
€k (e —1)

S B ) 1 (=) (B =)
X RO (BEriEtn )

a
Zijk
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Tijk (2550, Z1i) =

€p—1

— p 7 Bk—7kt1 B~ (A=) (e —1)
_ 1 1—g e — 1 o %—HE Z%’“ pely 6551 —(Br—vK+1)
= (1= - 2P | € 7F (jk; jk) w; X
€k i
Bijik

_Ooep)By 1.p B a
X Ti?"*(l*”’c)(e’fl) e ik BT (e (kD2 (59)

—_— o~

F7(7i5) (=) Fe (=)

Notice that the revenue function admits the same general form as in the baseline model with
the same caveats as discussed in the complete information case. Selection into exporting is

determined by zero expected profit condition
Ezgkﬁijk(z?j27 ijk) =0, (60)

which determines the entry threshold 277}
Given that the revenue function admits the same general form as in the baseline model
(see equation (10)), the calculations of trade flows, Xjj;;, and the partial trade elasticity,

0log X;ji/0logT;;, are identical to those in the baseline model with uncertainty.

C.6 Characterization of Trade Elasticites

As argued in Sections C.4 and C.5 , revenue function, 7;;; and the partial trade elasticity,
0log X;jx/0log T, in a model with endogenous quality choice admit the same general form
and are identical to those in the baseline model. Hence, comparison and the identification
of the trade elasticities are identical to the baseline model.

Under complete information, the distribution of log-export sales identifies the distribution
and the entry threshold value of the profitability shock. With endogenous quality choice,
the weights on ex ante and ex post shocks in the definition of the profitability shock are
augmented with the quality production function parameters. These weights however do not
impact the relation between the profitability shocks and the log-export sales.

Under uncertainty, the log-export sales data embeds both the ex ante and ex post shocks,
while only weighted ex ante shocks determine selection in exporting and the extensive margin
of the partial trade elasticity. Hence, similarly to the baseline model, one needs the log-
quantity data to recover the underlying distribution of the weighted ex ante shock. With
endogenous quality choice, the weight on the ex ante shock is augmented with the quality
production function parameters. This weight however does not impact the relation between

the weighted ex ante shocks and the log-export quantity.
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D A Model with Variable Markups

In this section we examine the implications for identification of trade elasticities in a model
with variable markups along the lines of Melitz and Ottaviano (2008), and demonstrate
that the identification of the partial trade elasticity relies on using the sales (and, in this
case, quantity) data under complete information, and relies on using the quantity data alone
under uncertainty, as suggested in the baseline model. To ease explication, we abstract from

multi-sector environment and consider a model with one differentiated goods sector.

D.1 Demand

Preferences of a representative consumer c¢ in country j are represented by the following

utility function
2
c _ Y c 2 n c
Ui = dqjo+ Z / ng( w)dw — 5/{2” qij(w) dw — 9 (/Q” qz‘j(“’)“) J

where N is the number of countries, g5, is the consumption of the homogeneous good zero,
€25 is the set of varieties sold from country 4 to country j, gf;(w) is the consumption of variety
w by consumer ¢, zj;(w) is the demand shock for variety w. Utility maximization problem

yields the inverse demand equation for variety w by consumer ¢ given by

pij(w) = zj(w) — g (w) —nQs;, (61)

where Qf; = fﬂ, q;(w)dw. The total inverse demand for variety w can be written as

Pi@) = P+ 2 w) - as(w) (62)

J

c max ]’j*éij . _p
where ¢;j(w) = Ljq;(w) and pji™ = nNi; <5+T;Nij>, Ni; = fﬂu dw, Z; fQ 2 (w)dw /Ny,
pij = fgij pij(w)dw/Nj.

D.2 Supply

The supply side assumptions follow those of Melitz and Ottaviano (2008). The homoge-
neous good zero is the numeraire good that is produced under perfect competition using the
constant returns to scale production function with unit labor productivity. Each variety in
the differentiated good sector is produced by a firm. Each firm draws its labor productivity
(demand) level, z{; (27;), from a probability distribution denoted by g;(.) (g7;(.)). Firms face

variable ‘iceberg’ trade costs denoted by 7;;. There are no fixed costs of production.
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D.3 Information Structure

We follow the information structure described in Section 2.3. We distinguish between an ex

ante productivity shock, z{., and an ex post demand shock, zf-’j.

i
D.4 Environment with Complete Information

The problem of the firm is given by

a Py _ (PN . Y
Ti5 (zij7 Zij) = }Ini)ép” (Zij)QZ_] e qij

1

subject to the demand equation (62). The resulting optimal quantity and revenue of the

firm is given by

Lj [ max WiTij
L w2

for g;; > 0. If ¢;; < 0 the firm does not export. Hence, selection into exporting is determined
by

W;Tiq
P+ zfj - Z(~1~] >0 (65)
e®ii
Zij %
of the two shocks, a firm exports if inequality (65) holds and does not export otherwise.

Inequality (65) implicitly defines a boundary in the (2%, 2%) space such that, given a draw

Renormalization of shocks: Notice from equations (63) and (64), and inequality (65),
that in a model with variable markups, the two shocks do not aggregate to a single decision
relevant statistic that we referred to as the profitability shock in Section 2.3.

To proceed forward, we need to redefine shocks as follows. Let u” =™+ zw, and let

uf; = % Notice that uj; and ug; are monotonic transformations of 2{; and zf;. The sales,
e i

quantity, and selection equatlons can be written as

L a

Tl](uf]? uz]) = ﬁ ((UZ)Q - (Tijuij>2) (66)
Lj o

ql]( E 1]) = % (ufj - Tijuij) (67)
if uy; — Tijug; > 0. (68)
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Trade Elasticity: The total trade flows are defined as

gf]( U)sz( )
Prob(uy; > Tijug;)

X = JProb(u > ;U ZJ)/ rij(uw,ufj)

u >Tmu

du? duf, (69)
ij
where J; is the mass of potential entrants. Functions g7;(.) and gf;(.) are the probability

density functions of u - and ug; respectively. The partial trade elasticity is given by

0log X;; fj::( p'>2Gq'<ufj/Tz‘j)9§j(“gj)dupj -
ot 9 -1 ) 70
dlog 7; <f+ (T%J ) (1 - Gp (TZJ )> gw( )du > o

D.5 Environment with Uncertainty

The problem of the firm is given by

qij>0 i

a _p p ()
Ezfjmj(zij, z”) max E.» (pz’j(zij)%j - —esz Qij)

subject to the demand equation (62). The resulting optimal quantity and revenue of the

firm is given by

a Lj [ max WiTij
i) = 52 (e B - ) @
a L; max W;Tij max W;T;j
rij(zij, zf-’j) = 4—; (pl-j + E(zfj) — ezé‘jj) (pij + 22% — E(zfj) + ezlqjj> (72)

for g;; > 0. If g;; < O the firm does not export. Hence, selection into exporting is determined
by
wiTij

=2 =0 (73)

eis

P+ E(z) —

Equation (73) pins down a unique entry threshold associated with a productivity draw, i.e. an
ex ante component of the profitability shock. Hence, as is the case in the baseline model with
uncertainty, it is only the ex ante shocks that determine selection into exporting. Further,
notice from equation (72) that export sales contain information regarding the realization
of both ex ante and ex post shocks. As a result, sales data must be complemented with
the quantity data to isolate the ex ante component of a firm’s profitability that determines

selection into exporting.

Renormalization of shocks: Following the notation in Section D.4, let ug; = Y- and
e
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ufj =pi™ + zf’] The sales, quantity, and selection equations can then be written as

Tij (um,uw) ﬁ (E(ufj) U ) (2u E(ufj) + Tiju,?j) (74)
a L j a

Qij (uzg) = i (E<Ufg) - Tijuij) (75)

if E(uy;) — Tijui; > 0. (76)

Trade Elasticity: The total trade flows are defined as

“+o00 D
a a* a gz ( U, )gz( 7 ) a
Xz] = (]_ - G / / Tz] ij? Z]) ] ]Ga‘ (] a*; d p d Z]’

where J; is the mass of potential entrants, functions gf;(.) and gj;(.) are the probability
density functions of ug; and uy; respectively, and G¢;(.) is the cumulative distribution function
of ug;. Notice that in contrast to the trade flows under the complete information environment
as stated in equation (69), the selection into exporting under uncertainty is based on a single
entry threshold associated with an ex ante profitability shock, uf;. The partial elasticity of

trade flows is given by

-1

400 u?j 2 a(,a a
0log X;; . fug; (ua]*> 93 (ug; ) dus; . (77)
8logﬂ-j 1 _Ga( a*) ‘

D.6 Characterization of Trade Elasticites

Under complete information, selection into exporting is given by the boundary in the (ug;, u? )
space defined in equation (68). Hence, the partial trade elasticity in this case depends on the
distribution of both of the corresponding shocks. Both of these distributions can be jointly
recovered using the sales and quantity data using equations (66) and (67). By assuming a

parametric distribution for u; and for u?., and observing the data on quantity and sales, one

ij

can estimate the parameters of these distributions using the maximum likelihood method.
Under uncertainty, equation (77) shows that, in contrast to the complete information

environment, the partial trade elasticity is governed solely by the distribution of an ex ante

profitability shock, u¢.. The distribution of this shock can be recovered from the quantity

data as can be seen 11; equation (71).

In sum, the main message about identifying elasticities developed in the baseline model
in Section 3 also holds in the environment with variable markups: different data identify
trade elasticities under complete versus incomplete information environments. In the Melitz

and Ottaviano (2008) framework considered in this section, one requires quantity and sales
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data to identify trade elasticities under complete information environment, and one requires

quantity data to identify trade elasticities under uncertainty.

E Robustness

In this section we demonstrate the robustness of our theoretical and quantitative results to
the way we choose to model a firm’s decision under uncertainty. In the main text we assume
that in a model with uncertainty, firms choose export quantities before demand shocks are
realized. This assumption is consistent with the majority of the literature on learning such
as Timoshenko (2015b), Arkolakis et al. (2018), Berman et al. (2019). In contrast to this
literature, in this section we assume that firms choose prices before demand shocks are
realized. Below, we present an alternative representation of the model with uncertainty in
line with this assumption. In this model, given that firms choose prices, the price data
contain information necessary to identify the partial elasticity of trade flows with respect to
variable trade costs. We subsequently quantify trade elasticities according to this insight.
Our quantitative results are unaffected by the change in the firm’s choice variable.

The intuition for this equivalence lies in the fact that the price and quality are inversely
related through sales. In a model with uncertainty where firms choose quantities, the empiri-
cal distribution of quantity identifies the underlying theoretical distribution of productivities.
In a model with uncertainty where firm choose prices, the optimal price equals to the inverse
of productivity. Therefore, theoretical productivity distribution is identified by the empirical
distribution of the inverse of the prices, which is proportional to the empirical distribution

of quantities through the equation quantity = sales/price.

E.1 Alternative Model of Demand Uncertainty
The economic environment and demand are the same as in Section 2.
Cijp(w) = e py (w) " FY PR (78)

E.1.1 Supply

For each destination and industry firms maximize expected profits given by

a p _ P i1
Er [ﬂ'z’jk(zijka Zijk)] = max F.» pijk(zijk)%‘jk — e ijk | — wifijka
ijk Dijk ijk e ijk

subject to the demand equation (78). The expectation over the demand draw, zfj ., s given by
the distribution from which the demand parameter is drawn, gf'jk() Substituting equation

equation (78) into the objective function and applying the expectation operator yields the
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problem of the firm,

Tl]

a \l—e 2P ep—1
max  p;jg(2is) R2EN (e wk) Yir P

zgk;
pmk('z”k)

2P —e ex—1
B, (6 ”’“) Piji(wW) ™ *Y P — wifij.

e zgk

The first order conditions with respect to price yield the optimal price,

€ W;Tiiq
pijk(2E) = < : )—aj- (79)

€, — 1) ek

A firm’s realized revenue is then given by

wiTij

ep — 1 e%iik

1—eg
(0 Py ) [k  per—l
Tijk (2 2g) = €795 ( YirPy .

E.1.2 Entry

Firms enter the market as long as expected profit is positive. Hence, the optimal productivity

entry threshold, z{% . is a solution to the zero-expected profit condition given by

zgk’

Ezz-)- [ﬂ-( 1]k7za* )] = O’

ijk ijk
and is given by

e _ € w; fijh (wiTy;) | (80)
(e = 1) VPt By, (e5)

E.1.3 Trade Elasticity

The aggregate trade flow from country ¢ to country j in industry k is defined as

M; / /M g2 Ieh) _yp g0 (81)
ik = ik Tijk (250 Zii) 9 (Zijn “ijk®Zijk
1] ) Z]k ) k> zg 1] zg PTOb;IJk,( L > Z?fk) 1] 17k>

where M;j;, is the mass of firms exporting from country ¢ to country j in industry k. Given

the exogenous entry assumption, the mass of firms is given by
Mijk = J X PTObz]k( ijk > zz]k)

where J; is the exogenous mass of entrants. Equation (81) can then be simplified as follows:

+o0
Xl'jk = JZ / ngk ’ij)gljk< ij‘)gljk< 'ij)dzzp;kdz (82>

zyk
e — 1\ » 1 [ 1
= J; B (eZijk> (Tijwi) %ijkPjells / el s Z]kglﬂk’( ijr)dz

€ Fijk ax
k Zijk

A-18



APPENDIX FOR ONLINE PUBLICATION ONLY

Differentiate equation (82) with respect to 7;; to obtain

0Xijk Xijk Xijk Oz

= (1—e) = g () 5 (83)
0 Tijk f;;:]k elarhe ”kgwk( 2 ) Az IR Omig
Differentiate equation (80) with respect to 7;; to obtain
aZl ik 1
87'] T (84)
iJ ij

Combine equations (83) and (84) to obtain the partial elasticity of trade flows with respect

to the variable trade costs being given by

al )(Z e(Ek 1)szk i f‘*
N Ak _ (1 . Ek) 1+ - gyk( J’f)
aln Tij (Ek - 1) fz et ”kgz] ( l]k)d’z

jk

Nijk = (85)

E.1.4 Estimation Approach

From equation (79), the distribution g;;;(.) can be directly recovered from the empirical

distribution of the logarithm of the inverse of export price as follows:

log (1/pijr(wijr)) = Bijr + 2 (86)

Hence, the distribution of the logarithm of the inverse of export price is given by the distri-

bution of zf,. Given the distribution of gf,(.), the productivity entry threshold, {3, can

ijk- zyk’

be recovered from matching the empirical to the theoretical average-to-minimum ratio of

the inverse of export prices. From equation (79) the average of the inverse of export price,

%i ir» and the minimum of the inverse of export price , (1/p)min

are given by

ijk
— € — 1 I 62%"'9%1@( Zk)
1/p = (T'LU) / dzq,‘k
ijk e san Probiy (2, > 25,)
i € — 1 —1 2o
(1/]9)3}31 = . (Tijwi) lezwk.
k
Hence, the average-to-minimum ratio, %z i/ (1/p)iE, is given by
e [T €Trgl, (28
Average-to-Minimum Ratio = e %k / - i (=i 2 (87)
zf]*k PTOszk( ijk > szk)

E.2 Trade Elasticity Estimates

Table E1 replicates results in Table 2 and shows that the quantitative magnitude of the

trade elasticities and the amplification effect remains robust to the alternative firm-level

A-19



APPENDIX FOR ONLINE PUBLICATION ONLY

choice variable under uncertainty.

Table E1: Trade elasticity estimates, the log of the inverse of prices.

Extensive Margin ~ Partial Trade Elasticity,
Elasticity, vijk 0log X;ji/0log T
Measure Mean Std. Dev. Mean Std. Dev.

Panel A: Estimates of trade elasticity
Price based ¢ 0.03 0.13 2.88 3.51
Sales based® 1.7-107% 88-107*% 3.82 3.86

Panel B: Amplification effect
Amplification effect ¢ 1.1-10* 5.1-10*  1.03 0.15

@ The summary statistics are reported across 109 destination-year-industry
observations for which an estimates of the Double EMG tail parameter Ag > 1.
The elasticities are not defined for A < 1.

b The sales based measure of the trade elasticity is based on a model with
complete information. The summary statistics are reported across 124
destination-year-industry observations for which an estimates of the Double
EMG tail parameter Ag > 1. The elasticities are not defined for A < 1.

¢ The amplification effect is computed as the ratio of the quantity based relative
to the sales based estimate of trade elasticity. The summary statistics are
reported across 77 destination-year-industry observations for which the
elasticity is defined in terms of both quantity and sales based measures.

F Parameter and Threshold Estimates

In this section we present the distribution parameter and threshold estimates.

F.1 Distribution Parameters

Table F1 summarizes distribution parameter estimates across 190 observations for the log-
export quantity distributions (Panel A) and log-export sales distributions (Panel B). As can
be seen from Table F1 Panels A and B, the average sample value of o for the log-quantity is
1.64 and for the log-sales is 1.66, which means that we can reject the common assumption of
Exponentially (or Double Exponentially) distributed data that have o = 0, and consequently
consider an alternative distribution to model underlying shocks. Furthermore, as can be
inferred from the values of the left and right tail parameters, A; and Ag, distributions
exhibit substantial heterogeneity in the fatness of both tails. For the log-export quantity

distributions, the value of the right tail parameter, Ag varies between 0.37 and 33.57, with
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about 44 percent of observations exhibiting a fat right tail, i.e. Ag < 2. Similarly, for the
log-export sales distributions, the value of the right tail parameter, Ag varies between 0.47
and 23.46, with about 45 percent of observations exhibiting a fat right tail, i.e. A\p < 2.
These estimates are consistent with the previous empirical research documenting fatness in
the right tail of sales or employment distributions across firms.? Furthermore, we also find
that distributions exhibit fatness in the left tail (A, < 2) in approximately 38 percent of

log-export quantity observations and 85 percent of log-export sales observations.

F.2 Entry Thresholds

Figure F1 provides a scatter plot of the entry threshold estimates and the corresponding
average-to-minimum ratios of log-export quantity and log-export sales in Panel A and B
respectively. Each dot in the Figure corresponds to a destination-year-industry observation.
Figure F1 demonstrates a negative relationship between the average-to-minimum ratio and
the entry threshold. The larger is the average-to-minimum ratio, the smaller is the marginal

exporter relative an average exporter. Hence, the respective entry threshold must be lower.

Table F1: Double EMG distribu-

tion parameter estimates.

Parameter o AL AR

Panel A: Log-quantity *
Mean 1.64 1.85 8.13
Std. Dev. 0.86 4.39 7.35

Panel B: Log-sales *
Mean 1.66 248 7.55
Std. Dev. 0.61 4.72 6.78

% The summary statistics are
reported across 190
destination-year-industry
observations. An industry is
defined as a 6-digit HS code.

39See Axtell (2001) and di Giovanni et al. (2011).
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Figure F1: The entry threshold and average-to-minimum ratio.

Panel A Panel B
10 ‘ o 5 ‘

e > ° = O0Of ° °
;O: ° 4 ,g ; ° °® °
'é; 0 ° oo.. : ® o § e®% o :..’" . ® o
= o Som o < -5 .~ £ o
> 5 46"' -— & - .’-“"

10} N e 10 .8

-15 : : -15 : :

10° 102 10* 10° 10° 10° 10* 10°

The average-to-minimum ratio The average-to-minimum ratio

Notes: The figure depicts a scatter plot of the entry threshold estimates and the corresponding average-to-
minimum ratios of export quantity (Panel A) or export sales (Panel B) for observation with an estimate of
the Double EMG tail parameter Ag > 1. The threshold is not defined for A\g < 1. Each dot corresponds to

a destination-year-industry observation. Values of the thresholds are demeaned by a corresponding estimate
of u of the Double EMG distribution.
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