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Abstract

We develop a general equilibrium theory of monopolistic competition and trade based
on indirectly additive preferences and heterogenous firms. The theory generates a new
prediction that markups are independent from destination population but increasing in
destination per capita income, as documented by the empirical literature. Trade liberal-
ization delivers incomplete cost pass-through and the key implication is that the welfare
gains from trade are significantly lower than those predicted by theories that feature full
pass-through; the gap in welfare increases with firms’ pricing-to-market elasticities. We
outline a tractable parametric specification of indirectly additive preferences that further
predicts that small firms grow more during trade liberalization and pass through changes
in costs to a higher degree than do large productive ones. We estimate the model’s pa-
rameters to match moments from cross-firm and cross-country data and we quantify the
welfare cost of autarky as well as the gains from the proposed Transatlantic Trade and

Investment Partnership agreement.
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1 Introduction

Gains from intra-industry trade derive mainly from the consumption of new and cheaper im-
ported varieties. In fact, recent research (Arkolakis et al., 2012, 2015) has shown that the
predicted welfare gains appear largely independent from details on the supply side of mod-
els based on CES preferences (as Anderson, 1979, Krugman, 1980, Eaton and Kortum, 2002,
Bernard et al. 2003, Melitz, 2003, and others) and are marginally affected by the demand
side in models based on general homothetic or directly additive non-homothetic preferences (as
Krugman, 1979, Behrens et al., 2014, Simonovska, 2015, and others). We introduce a class
of preferences to the international trade literature that generates variable demand elasticities
(encompassing models with isoelastic, linear, and more general demand functions) and show
that the demand side is crucial in shaping prices, trade flows, and the gains from trade. The
size of these gains can depart substantially from what emerges in canonical models assuming
traditional CES preferences.

We propose indirectly additive (IA) preferences represented by an indirect utility which
is additive in prices (Houthakker, 1960; Bertoletti and Etro, 2015). This class includes CES
preferences as the only case in common with the classes of directly additive and homothetic
preferences. In addition, it contains an entire family of well-behaved non-homothetic preferences
with a unique property that the elasticity of demand for each good depends on its own price

and on income, but not on other prices. Symmetric IA preferences can be represented by the
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where (2 is the variety space and the subutility v for each variety w is decreasing in the ratio

following indirect utility:

between its price p(w) and income E. The assumptions on the supply side are standard in the
literature. There is a single factor of production, labor, and each variety is produced by a firm
after paying an entry cost with a productivity drawn from a known distribution. Monopolistic
competition reigns.

We initially analyze the equilibrium in autarky for general IA preferences and cost distri-
butions. Firms adopt makups that can be variable in their marginal cost and in the income of
consumers, but that are always independent from the size of the market. Therefore, the equi-
librium measure of consumed varieties is always proportional to population. As a consequence,
opening up to costless trade induces gains from variety ¢ la Krugman (1980) with our class of
preferences. However, except for the CES case, the equilibrium is inefficient: too many goods
are consumed (relative to the mass of firms created) and low-cost firms produce too little while
high-cost firms produce too much. Following Melitz (2003), we then move to study costly trade

between identical countries, showing that firms set lower markups for exports and generalizing



the selection effects a la Melitz to the entire class of TA preferences.

To make headway in a multi-country framework with costly trade, we adopt a Pareto dis-
tribution of productivity and we abstract from overhead production costs as in Melitz and
Ottaviano (2008). The theory predicts that firms extract higher mark-ups from richer desti-
nations, but that they do not set different mark-ups in countries of different population size.
These predictions are in line with the empirical results obtained by Simonovska (2015) from
cross-country price data of identical products sold via the Internet. In particular, controlling for
the cost to deliver products to a destination, the author finds that a typical monopolistically-
competitive apparel producer charges higher prices for identical goods in richer destinations,
but the author does not find evidence that prices vary with the population size of the market.
Dingel (2015) obtains similar results using data on unit values for individual US producers
across many destinations. Finally, we confirm these findings using prices for 110 products with
identical characteristics sold in retail locations in 71 countries. The predictions regarding price
variation are unique to models based on TA: alternative models cannot account for prices in-
creasing in destination income when based on quasilinear preferences (Melitz and Ottaviano,
2008) or homothetic preferences (Feenstra, 2014), and they generate prices decreasing in des-
tination population when based on direct additivity (for instance, see Behrens et al., 2014,
Simonovska, 2015).1

The model generates further firm-level predictions that are in line with the available evi-
dence. First, more productive firms enjoy higher mark-ups, in line with the evidence in De
Loecker and Warzynski (2012). Second, when trade costs are large, exporters are more produc-
tive and represent a minority of the active firms, as documented in Bernard et al. (2003), yet
they may sell tiny amounts per export market, as documented in Eaton et al. (2011).

New implications emerge for the margins of trade compared to alternative models. The
extensive margin is increasing in destination per-capita income and it is neutral in the destina-
tion’s population. Empirically, Bernard et al. (2007) document that the US extensive margin
is rising in destination GDP, and Hummels and Klenow (2002) find that the number of product
categories is increasing with respect to the importer’s per-capita income with a larger elasticity
than with respect to its population across a large number of exporting countries. Recently,
Macedoni (2015) confirms these predictions using firm- and product-level data for a number

of exporting countries featured in the Exporter Dynamics Database. When the author focuses

!The theoretical results are also in line with empirical findings by Handbury and Weinstein (2014) for
U.S. cities. Identifying varieties with barcode data, and controlling for all retail heterogeneity and purchasers’
characteristics, the authors provide convincing evidence that larger cities do not feature different prices of
individual varieties, but have more varieties available, which yields lower price indices there. Using the same
data source, Broda et al. (2009) document that richer consumers pay more for identical products even after
controlling for average income in the zip code in which they live, where the latter aims to capture local costs to
operate the store.



on large firms that sell their products online, he finds that firms offer more varieties in richer
destinations, but not in larger countries. The different findings in the literature point to the
heterogeneity in fixed costs across countries, industries, and modes of operation (brick-and-
mortar versus electronic sales). Our baseline tractable theory that assumes zero fixed costs
generates an extensive margin that is independent from destination population size; however,
the extension described above a la Melitz restores the standard role that destination size plays
in driving export market entry patterns. Finally, under A preferences, the intensive margin of
trade is increasing in a destination’s overall GDP and decreasing in the destination’s per-capita
income, which is in line with exploratory findings by Eaton et al. (2011) for several exporting
countries across their export destinations.

As in Melitz (2003) and Melitz and Ottaviano (2008), trade liberalization reallocates pro-
duction across exporting and non-exporting firms and across countries. A key difference is
that trade liberalization expands the set of exporters but does not affect the set of domestic
producers, leaving unchanged the number of active firms in each country. Consumers exploit
the reductions in the price of imports by expanding the number of imported varieties and con-
suming the same domestic goods as before (in lower amount). We obtain an exact quantitative
measure of the welfare gains from trade liberalization for the IA class. Its approximation (valid

for small trade cost changes) is

AW = (1 — gy A
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where € € (0,1) is a sales-weighted average across firms of the elasticity of price with respect
to income, k is the shape of the Pareto distribution of productivity, which can be interpreted
as a trade elasticity, and \ is the share of domestic expenditure.? For reference, recall the gains
calculated by Arkolakis et al. (2012, 2015) for a variety of models based on CES or homothetic
preferences, dIn W = #. The differences between the two classes of models are very stark.
Not only do TA models yield strictly lower welfare than homothetic ones, but the magnitude
of the difference falls within a very wide range (note that €¥ € (0,1)). In fact, the more firms
price to market—the higher are the elasticities of price with respect to income—the lower are
the welfare gains from trade. Thus, consumer preferences, which govern the degree to which
firms can price to market in monopolistic competition models, are critical in understanding the
magnitude of the welfare gains from trade.

Quantifying the gains and the degree of welfare mismeasurement (relative to the standard

CES model) requires trade data (\) and estimates of the key objects in the model: x and €.

%In the main text, we also compute the global welfare gains that obtain from any trade cost change (large
or small).



In order to deliver these estimates, we introduce a particular parameterization of IA to the

international trade literature:
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where a represents the maximum willingness to pay for each variety, in terms of its normalized

Y

price s, and the parameter v > 0 governs demand, which is perfectly rigid for v — 0, linear in
prices for v = 1 and perfectly elastic for v — oco. We opt for this functional form for several
reason. First, this specification yields closed form solutions of firm-level as well as aggregate
variables thus lending itself very useful for quantitative analysis. Second, the specification yields
two additional predictions of the model that are in line with data. First, trade liberalization
increases sales faster for smaller firms, as documented by Eaton et al. (2008) and Arkolakis
(2015). Together with the fact that trade liberalization induces entry of foreign varieties, this
implies that adjustments on the extensive margin (changes to new and least traded varieties)
are critical in understanding the welfare gains from trade (see Broda and Weinstein, 2006, and
Kehoe and Ruhl, 2013). Second, the degree of cost pass-through is falling in firm productivity,
as documented by Berman et al. (2014). This implies that large firms price to market more
and it is their behavior that directly impacts the measured welfare gains in the formula above.

The tractable parametric specification implies that the sales-weighted average elasticity of

price with respect to income, €

, is a constant that is comprised of the supply-side parameter,
k, and the demand-side parameter, v. We identify the parameters x and 7 from moments
concerning sales and measured productivity advantage of exporters over non-exporters in the
US manufacturing sector as reported by Bernard et al. (2003) and the price elasticity with
respect to income for US exports reported by Alessandria and Kaboski (2011). In particular,
following Eaton et al. (2011), we estimate all the parameters that are necessary in order to
simulate micro- and macro-level predictions from bilateral trade data for 123 countries via the
gravity equation, and, conditional on these parameters, we pin down x = 2.81 and v = 1.90
via an overidentified estimation strategy. On the micro-level, the estimated model predicts
that 16% of US manufacturing firms export, which compares favorably to the 18-21% statistic
reported by Bernard et al. (2003) and Bernard et al. (2012) from U.S. data over the past
couple of decades, and the export intensity is highly concentrated. On the macro-level, the
model yields an average mark-up among U.S. manufacturing firms of 19%, which falls within
the middle of the range of 5-40% reported by Jaimovich and Floetotto (2008). Mean cost pass-
through amounts to 0.57, which is within the range of estimates for Indian manufacturing firms
obtained by De Loecker et al. (2015). The average elasticity of price with respect to per-capita
income amounts to 0.43, while the average plus one standard deviation is 0.51; hence, more

productive firms price to market more, but the elasticities exceed estimates in the literature.



Finally, we rely on the model to quantify the welfare gains from trade. First, we find that
a move from autarky to the level of manufacturing trade observed in year 2004 yields a welfare
gain of 11% of income to the average country in our sample of 123 economies. In addition, there
is substantial variability in the welfare gains - a standard deviation of 7% - with smaller and
less developed countries generally benefitting the most. Second, we find that a bilateral trade
barrier reduction between the US and the negotiating European members of the Transatlantic
Trade and Investment Partnership Agreement (TTIP) yields an average gain of 0.29% to the
potential members, with the US enjoying roughly 0.7% GDP increase and small open economies
like Treland and Belgium (together with Luxembourg and the Netherlands) enjoying up to 2%
and 0.8% income improvement, respectively. While non-TTIP members, and especially USA’s
major trade parters Canada and Mexico, suffer losses, there are positive gains in world welfare.

The remainder of the paper proceeds as follows. In Section 2, we present the general theory.
In Section 3, we study trade between heterogenous countries. In Section 4, we estimate the
parameters of the analytically tractable model and we evaluate its fit to data. In Section 5, we

quantify the welfare gains from trade liberalization episodes. We conclude in Section 6.

2 The Framework

Consider a market populated by L identical agents, each one with labour endowment e. Each
firm can produce a good from a set €2 at a constant marginal cost after paying a sunk entry cost
F, > 0. Upon entry, the “intrinsic” marginal cost ¢ of each firm is independently and identically
drawn from a distribution G(c) with support [0,¢] for a large, and possibly infinite, ¢ > 0. All
costs are in (efficiency) units of labor and the labor market is perfectly competitive: in this
section we normalize the wage to unity so that ¢ is marginal cost and, given zero expected
profits, per capita income E just equals the labor endowment.

The indirect utility of each agent depends (exploiting homogeneity of degree zero) on the

normalized prices s(w) = p(w)/E, w € Q, according to the following additive specification:

V:/Qv(s(w))dw, (1)

where v is a decreasing and convex function up to a (possibly infinite) choke value a = v=1(0),
so that aF is the maximum willingness to pay for each variety. With the exception of CES
preferences, that it encompasses, (1) represents a class of preferences that are neither homothetic
nor directly additive (see Bertoletti and Etro, 2015). By Roy identity, the individual demand



for each variety w that is actually consumed is given by:

r(w) = ——, (2)

where |u| = — [, v(s(w))s(w)dw = E(OV/OE) > 0 is simply related to the marginal utility
of income, and thus also depends on all prices. Accordingly, demand faced by a producer of

variety w is decreasing in its own price p(w) and vanishes if this is above the choke level:

p=ak, (3)

which depends linearly on income.?

2.1 Autarky

Let N be the measure of firms paying the entry cost: we analyze monopolistic competition
among a measure n of active firms producing different varieties for a given distribution of costs.

The profits of a firm with marginal cost ¢ choosing a price p(c) can then be written as:

(b(e) ey (%) L

7(c) = ; (4)
o

where p is unaffected by a single firm which faces a demand whose elasticity is just the elasticity
of v'(s), namely 0(s) = —sv”(s)/v'(s), for which we assume 6 > 1 to guarantee the existence of

the optimal price p(c). This must then satisfy the following pricing rule:

(00
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for any ¢ > 0, with b = p(0)/E. The markup of each firm, m(c) = (p(c) — ¢)/c, is independent

from the number of goods available and from the price of any other firm. However, it increases
in income and decreases in the marginal cost whenever the demand elasticity is increasing, with
elasticities dlnp(c)/0InE =1 — dlnp(c)/0lnc € (0,1) - see Bertoletti and Etro (2015). Let
us actually assume ¢ > 0, which is equivalent to what Mrazova and Neary (2013) define as
“subconvexity” of the demand function, and it is sometimes called “Marshall’s Second Law of

Demand”.

3The dependence of the choke price on income alone is a key property of IA. In other models based on
homothetic or directly additive preferences, the choke price depends on the marginal utility of income, i.e., on
the price distribution and on the measure of consumed varieties (see Feenstra, 2014, and Arkolakis et al., 2015).
In the quasilinear model of Melitz and Ottaviano (2008), the marginal utility of income is unitary but the choke
price depends on the measure of consumed varieties and on their average price.



When the demand elasticity is strictly increasing, the model has three main implications for
pricing. First, prices are lower but markups are higher for more productive firms (with a lower
¢), which differs from the Melitz (2003) model. Second, markups increase with the income of
consumers: this effect is absent in any model based on homothetic preferences (Melitz, 2003;
Feenstra, 2014) or quasilinear preferences (Melitz and Ottaviano, 2008). Third, and differently
from models based on directly additive preferences (Behrens et al., 2014; Bertoletti and Epifani,
2014 and Simonovska, 2015) or quasilinear utility (Melitz and Ottaviano, 2008), since the price
does not depend on the number of goods available, it is also independent from market size.

The individual consumption of the variety produced by a c-firm is either z(c) = v'(p(c)/E) /1,
or zero if its price if above the choke level p. The equilibrium set of active firms is simply given

by the interval [0,¢], where the marginal cost cutoff:
c=aFE (6)

is just the choke price.* The model is closed equating the expected gross profits:

E {r(c)} = / ()/E) 4G ()

to the entry cost F.. Since p = Nf (¢))s(c)dG(c), this gives:
_BL | p(e)z(c) . B
V= OF. th 0= [/0 0(p(c)/E) [° p(c)x(c)dG(c)dG( | @)

where 0 is the harmonic average of demand elasticities weighted by the market shares. In
particular, notice that the equilibrium distribution of normalized prices F; has support [b, a]

and is given by:

Fi(s) = Prip(o) < sFie<a)
= Pr{c<h(s)E;c<c}=

9(5

where h = s (h’ > (). This allows us to express the average demand elasticity as:

- [ 1 sv'(s) ) -1
0= {/b 0(s) [, sv’(s)dFs(s)dFs( ) (8)

which is independent from the market size (but can depend on income). Accordingly, the

4This assumes that the constraint ¢ < ¢ never binds.



measure of consumed varieties n = NG(¢) must be linear in population.
The familiar case of CES preferences should clarify the nature of the equilibrium. Consider
v(s) = ' with 6 > 1, which delivers the isoelastic demand x(w) = (0 — 1)s(w)~?/ ||, or:®

pw) " E

#w) = pr w)0dw’

In this case there is no finite choke price, the equilibrium prices are p(c) = fc/(6 — 1) and

0 = 0. Therefore, the number of goods created is N = and all these goods are consumed in

positive quantity (since, until now, we have not mtroduced any fixed costs of production).
Consider now a new example with v(s) = (a—s)?/2. The subutility for variety w is quadratic

in a — s(w), which delivers a linear demand function z(w) = (a — s(w))/ ||, or:

al —p(w)
Jo(aE —p(w))(p (W) /E)dw

w(w) =
with choke price aE. The demand elasticity 0(s) = s/(a — s) is actually increasing in the
price-income ratio s. It is immediate to derive the optimal price:

c+akb
p(c) = 5

which is indeed increasing less than proportionally in income and in the marginal cost, and in-
dependent from population. The profits of an active c-firm are then 7(c) = (ae — ¢)* L/ (4e |pu|).
Further results can be obtained by assuming (as in Chaney, 2008, and the subsequent literature)
that the cost distribution is Pareto, namely G(c¢) = (¢/¢)", with € finite and £ > 1 as the shape
m+2 /@+1L d th
2t ) (ri2)cr | ANA the
free-entry condition provides the equilibrium values for |u| and § = & + 1, so that the measure

parameter. The expected profits can then be calculated as E {m(c)} =

of created firms is:
B EL

~ (k+DES
In this case only a fraction G(aFE) of the firms are active, namely n = N(aE/¢)".

The distinctive characteristic of IA preferences, the neutrality of population on prices, finds
empirical support in markets with a large number of firms as in a monopolistic competition
environment (see Handbury and Weinstein, 2014, Simonovska, 2015 and Dingel, 2015). As
well known, a negative equilibrium relationship between market population and prices emerges
on the contrary in existing models based on directly additive and homothetic preferences,

and is often regarded as a pro-competitive effect. However, this relationship is not due to a

5The indirect utility can be expressed (up to a mononotic transformation) as V = E | [, p(w)'~dw] /-1



strengthening of competition on the supply side, since strategic interactions are absent under
monopolistic competition. It depends only on changes in substitutability between products
on the demand side, whose nature and direction can be hardly verified empirically. While we
consider the neutrality of population on prices an attractive feature of our setting, competition

effects could be easily introduced by adding strategic interactions,® or demand externalities.”

2.2 Costless trade and welfare

The impact of an expansion of the market size under IA replicates a key property of the
Krugman (1980) model, for which a larger population (which is equivalent to opening up to
costless trade with identical countries) increases proportionally the number of firms/varieties
created in equilibrium without affecting markups. Since the set of consumed goods and their
prices are independent from population, this generates pure gains from variety due to opening

up to costless trade. To see this, notice that welfare can be easily computed as follows:

Ven / (1%) gfi(g). (9)

This is linear in the measure of consumed varieties n = G(aE)EL/0F,, which in turn is linear

in the population size. Therefore, costless trade leads to welfare gains that are due only to an
increase of the mass of consumed varieties for any A preferences and cost distribution.

With the notable exception of CES preferences, our setting implies an inefficient market
allocation. To verify this, in Appendix A we solve the social planner problem for the maxi-
mization of utility under the resource constraint.® The optimal allocation delivers the following

number of firms:

c*

EL

Voo i it = /0 0 (5(0)) s dG(e), (10)

where 77 > 0 is a weighted average of the elasticity of the subutility function v, n = —v/(s)s/v(s) >
0, with relative utilities as weights, and is independent from L. This allows for equilibrium en-

try either above or below optimum (@ should be compared to 7 + 1). More important, the

6Tt is well known that markets with a small number of firms would exhibit equilibrium markups decreasing
in the size of the market due to strategic interactions (which depend on the number of competitors). For recent
trade models with strategic interactions see Atkeson and Burstein (2008) or Etro (2015).

"As a simple example, if the model with a finite choke price has a(n) decreasing in the number of consumed
varieties n, the latter solves as n = NG(a(n)E) in a free entry equilibrium which must increase less than
proportionally in population: this implies that larger markets have lower prices and select a more efficient set
of firms.

8Dhingra and Morrow (2015) and Nocco et al. (2014) have analyzed optimality in the case respectively of
direct additivity of preferences and of quasilinearity.



social planner sets a constant mark up m* = 1/7, as needed to equalize the marginal rate of

substitution between any two produced goods to their marginal cost ratio:

p(c) = (1 + i) c. (11)

n
Finally, the optimal marginal cost cutoff is smaller than the equilibrium one (when the latter
is finite):
En
=221 -2 (12)
T+7

It follows that the equilibrium prices must be above optimal for the most efficient firms and

below optimal for the most inefficient firms.® Therefore, a redistribution of production from
high cost to low cost firms would indeed improve the allocation of resources.

To gain further insights, two examples can again be useful. With CES preferences n = 6 — 1
and the equilibrium is optimal (Dhingra and Morrow, 2014). Instead, for any other preferences
with a finite choke price, we can derive a simple result assuming that the cost distribution
is Pareto: in such a case we have 7 = Kk (see Appendix A), which shows that the market
equilibrium delivers the optimal number of firms N* = FL/(k + 1)F,. Nevertheless, too many
goods are consumed relative to the mass of firms created (¢* = axE/(k+ 1)) and low-cost firms
produce too little while high-cost firms produce too much. This holds in our earlier quadratic

example and its generalization introduced in Section 3.

2.3 Costly trade and comparison with the Melitz model

The theory can be easily extended to trade frictions @ la Melitz (2003). Consider trade between
two identical countries with an iceberg transport cost 7 > 1. Assume also that production in
the domestic market requires a fixed cost f > 0 and trade involves a fixed cost of production in
the foreign market f, > 0. In a symmetric equilibrium both countries must face the same wage,
that again we normalize to unity, and the same value of . The pricing rules are the same as
before, with p(c) given by (5) for domestic sales and p(7c¢) for foreign sales. This generates a
key difference compared to the Melitz model based on CES preferences: as long as 6’ > 0 each
firm applies a lower markup on exports compared to the markup on domestic sales.

The net profits from domestic sales are 7(c) — f and those from exports are 7(7¢) — f,,

where 7(c) is always given by (4). The domestic cutoff cost is

=7'(f), (13)

9Indeed p*(0) = 0 < p(0) and p*(¢*) = ¢ > p(c*), and p*'(c) > 1 > p/(c) under the assumption that 6 > 0.

Q)
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and the cutoff for the marginal exporting firm is given by:
Cp = ———. (14)

These conditions together with the free-entry condition:

/0 [n(0) — f1dG(e) + / " [r(re) — £.]dG(c) = . (15)

allow us to solve for the cutoff costs ¢ and ¢, and u. Equilibrium partitions firms between
exporters and non-exporters (when trade frictions are large enough). Moreover, trade lib-
eralization generates selection effects a la Melitz as long as f > 0: in particular, by total
differentiation one can easily obtain that both d¢/0r and 9c¢/df, are always positive. This
happens not only in the particular example of CES preferences, which is indeed Melitz’s (2003)
model, but also in any other case of IA preferences. The intuition is simple: lower trade costs
increase the expected profits of exporting firms at the expenses of non-exporters, which implies
that the domestic cut-off firm ¢ must now be more efficient.’

With empirical applications in mind, we now develop a fully-fledged multicountry model.
However, for tractability, we neglect fixed costs of production (as in Melitz and Ottaviano, 2008

and Arkolakis et al., 2015), whose role is already well understood in the literature.

3 Trade among Heterogeneous Countries

From this section we consider costly trade between heterogenous countries assuming a Pareto
distribution of the marginal cost, G(c) = (¢/¢)", where ¢ is now finite but large enough to
exceed the relevant marginal cost cutoffs, and x > 1 is the shape parameter of the distribution.
The “iceberg” cost of exporting from country i (source) to country j (destination) is 7;; > 1
for ¢ # j with 7, = 1 for 4,7 = 1, .., I where I > 2 is the number of countries. Country ¢ has
N; firms paying the entry cost F¢, population L;, wage w;, marginal costs 7;;w;c in destination
country j and per capita labor endowment e;, so zero expected profits imply that individual
income is F; = w;e;.

The gross profit function of a c-firm from country 7 selling to country j can be expressed as:
(pij(c) - Tijwic) v’ <p1{;—(;)> L;

mii(c) = " ; (16)

10See Bertoletti and Epifani (2014) for a similar result in the case of directly additive preferences.

11



where |u;] is as usual the marginal utility of income (times per capita income) of country j.

Maximizing these profits delivers the price rule:

(0) = e 0 (pij(c)/ E))
py€) = Tigus (9(Pij(0)/Ej)—1)' (17)

This confirms that prices and markups are higher in countries that enjoy higher per-capita
income levels, but they are independent of the population of the destination country. This is
the main prediction of TA models that distinguish them from alternative frameworks. More
importantly, this prediction is supported by evidence at the international level. Notably,
using detailed price data on identical goods, Simonovska (2015) documents that a typical
monopolistically-competitive apparel exporter charges systematically higher prices in richer
destinations, but does not find evidence that destination population affects prices.

The individual quantity sold by a c-firm of country ¢ to destination j is given by z;;(c) =

v' (pij(¢)/E;) / |itj]. The value of the corresponding sales ¢;;(c) = p;;(c)xi;(c)L; is:

pig(en’ (%49 L,
tij (C) = ) .
Hj

The most inefficient firm in country ¢ which is actually able to serve country j, has the cutoff

marginal cost:
aF;
-~ J

Cij =

(18)

T Wi
which simplifies to ¢;; = ae; for the domestic sales of country i. Therefore, in our model the range
of the firms active domestically is wider in the country with higher individual labour endowment,
and depends neither on the population size nor on the trade costs. Instead, the set of exporters
from a country enlarges with per capita income of the importing country and shrinks with
the trade cost and its domestic wage. A key consequence is that trade liberalization does not
affect the range of the firms active at home but enlarges the set of exporters, and therefore the
measure of imported varieties. However, like in other models, production is reallocated across
firms toward exporters and across countries. If trade costs are sufficiently high, exporters are
more productive than non-exporters and represent a minority of the active firms, as documented
by Bernard et al. (2003), they may sell tiny amounts per export market (in fact, the marginal
exporter realizes zero sales), as documented in Eaton et al. (2011).

: C _ 1 . . .
Defining nj = ) ;_, n;; the measure of goods consumed in country j we have:

=3 [ u sy = [ visani)
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where Fj is the equilibrium distribution of normalized prices. This has support [b,a] and is

equally distributed across countries independently from incomes and trade costs:

Fi(s) = Pr{c < h(s)-2 ‘;cgaj} - (M>

a

where h(s) = s[1 —1/6(s)]. The neutrality of the distribution of normalized prices (as well
as markups) from trade costs is due to the fact that while liberalization reduces prices of the
inframarginal firms (and increases their markups), it also attracts the entry of new exporters
with higher prices (and smaller markups), and these effects exactly balance each other. Instead,
it is immediate to verify that the distribution of individual consumption is affected by any
change in y; and, in particular, by changes in trade costs.!!

Taking the expectations of sales and profits, we obtain the constant ratio:

E{m;}

1
E{t;} 6

(19)

where @ is the equilibrium harmonic average of demand elasticity defined in (8).!2 Under
endogenous entry, total expected profits E {II;} = 2]1.21 E{m;;} in country i must equate the
fixed cost of entry w;F,. Let us define total (expected) sales from country i, as Y; = Zj’:l Tij,
where T;; = N;E{t;;} are the (expected) sales in country j that originated from country i. The

endogenous entry condition reads as:
EA{IL} = w;Fe,

and the income/spending equality for country ¢ implies w;e; L; = Y;, since Y; = > ; T;; is GDP

in country ¢. Therefore, we can derive the number of firms created in country ¢ as:

o owelly el ZJI':1 E {mi;} el
S E{tyy  Fe Y E{ty} OF

, (20)

%

which is the same as in autarky. Accordingly, trade is not going to affect the number of firms

created in each country as well as the number of domestic firms active in each country.'?

HThis is just the opposite of models based on directly additive preferences with a finite choke price, where
changes in trade costs are neutral on the distribution of individual consumption and modify the distribution of
prices.

12 A similar property is enjoyed by related models based on the Pareto distribution of marginal productivity
(see Arkolakis et al., 2015).

13Notice that only if trade costs are high enough (or countries are symmetric) we can exclude that some firms
produce only to export to other countries with higher per capita income. We will assume this to be the typical
case (as suggested by a well-established stylized fact).
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We can now derive the measure of firms actually exporting to any country j from country

i, n;; = N;G(Ci;), the so-called extensive margin of trade, as:

iLi ( aB; \"
Niy; = ¢ ( a j_) . (21)

OF, \ Tijw;C

This depends negatively on the trade cost and positively on per capita income of the destination
country, and on the aggregate labor supply of the exporting country, but it is independent from
the population size of the destination country. Hence, the model predicts that the extensive
margin is falling in the distance to the destination (to the extent that trade costs are increas-
ing in distance) and potentially rising in overall GDP of the destination country (which is the
product of per-capita income and population), as reported in Bernard et al. (2007). Alter-
natively, the extensive margin is increasing as the importing country gets richer, which is in
line with the growth in the measure of imported varieties documented by Broda and Weinstein
(2006) for the US over three decades. We should remark that, contrary to this, models based
on directly additive or homothetic preferences (without fixed costs of production: see Arkolakis
et al., 2015) imply that the extensive margin is decreasing in the population of the destination
country (and neutral with respect to income under homotheticity), while the Melitz-Chaney
model (with fixed costs) generates an extensive margin that is increasing in both destination
income and population.

The total measure of varieties consumed in country j can be expressed as follows:

C a J —K
n;, = = E e; L; (T;:w; , 22

which crucially depends on its per-capita income, on the trade costs and on the dimensions of
its trading partners. It follows that countries that are richer in per capita income (and larger
in labour endowment) tend to consume more goods. This makes a remarkable difference with
analogous models based on homothetic preferences and (untruncated) Pareto distribution (see
Arkolakis et al., 2010, 2015 and Feenstra, 2014), in which the number of consumed goods is
equal across counties independently from their income, population and trade costs. Our results
are consistent with the recent evidence on the increase in the number of imported varieties
associated with trade liberalization. Broda and Weinstein (2006) document that, during the
three decades spanning 1972-2001, the number of imported varieties in the United States has
increased by a factor of three. They also note that half of the rise can be attributed to new
products sold by existing trade partners. Furthermore, Kehoe and Ruhl (2013) document that
imports of new goods - the extensive margin of trade - account for 10% of the growth in trade

among NAFTA countries during this trade liberalization episode.
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Expected sales from country i to country j can be expressed, by computing E{¢;;}, as

follows:
nij
Ti; = NE{t;} =Y;,—
"
€iL2‘(TZ’ij‘>_H _

TS ey (mgwg)

where we decomposed trade into the product of the extensive margin and the intensive margin.

We can rewrite the intensive margin as:

_ Ef{ty} OF L;E;~"
" G(/C\U) a”® Zi:l ekLk (Tkjwké)_'{ .

This is independent from the country of origin of the commodities, but it depends on both

(23)

per-capita income and population of the destination country, which is in contrast with the
intensive margin of the Melitz-Chaney model, that is constant as long as the (fixed) costs
of export are in labor of the source country. Two direct effects are immediately observable:
the intensive margin is increasing in the destination’s population size and decreasing with
respect to the destination’s per capita income. Therefore, the model can jointly generate a
positive relationship between the intensive margin and the overall GDP of a destination and a
negative relationship between the intensive margin and the destination’s per-capita income, as
documented for several source countries by Eaton et al. (2011). Notice that these implications
are in contrast also with comparable models without fixed costs of production (Arkolakis et
al., 2015): directly additive and homothetic preferences generate an intensive margin which is
always increasing in destination income.

To close the model in general equilibrium, notice that:

i (% o, (24)
T Y wj J

JJj J

This simple result can be interpreted as follows: the assumption of a Pareto distribution of
intrinsic marginal costs gives rise to a generalized “gravity” equation that governs the trade
shares (see e.g. Head and Mayer, 2014, and Allen et al., 2014), where the parameter  plays
the role of a partial “trade elasticity” according to the terminology suggested by Arkolakis et
al. (2012). In particular, the trade share of i-goods in country j can be defined as:

Tij iLi (Tijw;) ™"
)\ij _ ?] o e (T]'LU) (25)
J

S pon enLy ()™
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Finally, using the expressions for the trade shares we can express the income-spending

equation of each country 7 as:
I
j=1

Using (25) and (26) provides the equilibrium wage system:

I —K
wy =Y 2 i (7ijwi) — i=1,.,1, (27)
T 2kt kL (Tijwr)

which is similar to those of related models (Arkolakis et al., 2012, 2015; Simonovska, 2015).
It implies wage equalization only under free trade or identical countries (as in the previous
sections). Moreover, it can be proved (Alvarez and Lucas, 2007) that (27) has a unique solution
and that the relative wage of a country j is increasing in its “aggregate labour supply” e;L; and
decreasing in its trade costs T;.

We conclude the presentation of the IA model expressing welfare for country j as:

V; = njc /ba v (s)dFs(s), (28)

%
e

Trade liberalization reduces prices for each foreign firm, but consumers exploit this by increasing

This is directly related to the total mass of consumed (domestic and imported) varieties n

the number of imported varieties without dropping any of the domestic varieties (the domestic
cutoff cost does not change). Since the distribution of the (normalized) prices of the purchased
varieties remains the same, welfare changes in our setting only with changes in the number of

imported varieties.*

3.1 An “addilog” example

In the rest of the paper and in the empirical application we will adopt a convenient and un-
explored specification of TA preferences, which we define as addilog preferences in honour of

Houthakker (1960), who used this terminology for generic IA preferences. Our novel specifica-

_ [ (a=s)™
V—/Q?dw. (29)

tion is the following:

147t is worth noticing that, in contrast to the implication of the Melitz and Ottaviano (2008) model, in
our setting the welfare gains from trade do depend (through nJC) not only on the trade costs but also on the
dimensions of the trading partners.
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Here a represents the maximum willingness to pay for a good (in terms of normalized prices)
and v > 0 is the key preference parameter. Notice that the subutility function for each variety

w is isoelastic in a — s(w).’® By Roy identity, the demand for each variety w is now:

(a = 5(w))"

7 (30)

zr(w) =
The elasticity of demand with respect to price is 6(s) = vs/(a — s), which is increasing in
v. Clearly, demand is linear for v = 1, it tends to become perfectly elastic for v — oo and
perfectly rigid for v — 0. The rest of the model is the same as above. We can summarize the
relevant exogenous variables/parameters in our setting by the objects P= {a,k,v,7,e,L, F.}
in matrix notation.

The optimal price of a c-firm from country ¢ willing to sell to country j is easily derived as:

VTijwic + ak;

) 31
147~ ( )

pm( )

which shows that the degree of pass-through is increasing in . Indeed, for v — 0 any reduction
in costs would be exploited by the firms without price reduction (prices would approach the
limit aF; with full expropriation of consumer welfare), while for v — oo any reduction in costs
would be fully translated into a price reduction (prices would approach the nominal marginal
cost 7;;w;c as in perfect competition).

The individual quantity sold by a c-firm from country i to destination j is then given by:

Y7 (Cj — ) (rijw;)”
(T4 )7 E] ]

ﬂfzj(C) = (32)

Notice that consumption decreases in ¢ and it has a finite value even when marginal cost is

null. The value of the sales of a c-firm from country ¢ to country j is:

tii(c) = Y (ve+ @) @ — o) (ryw) L (33)
N (L) (E)7 |

15As shown in Bertoletti and Etro (2015), the direct utility dual to (29) is:

— ( fQ )1+’Y ,
(1+7) (fﬂ = )V

which is not directly additive.
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The corresponding profits are given by:

V(@5 — ) (mw) T L
(T + ) E] ] ’

mi;(c) = (34)

which is a decreasing and convex function of c.

3.1.1 Markups, prices and sales

We now derive the model’s key prediction regarding markup and price variation across desti-
nations and across firms. Denote by m;;(c) the mark-up that a firm with cost draw ¢ from

country ¢ enjoys in destination j (assuming that it actually serves that market, i.e. ¢ < ¢;;):

mg(c) = (ﬁy) (a’jc_c). (35)

This markup is decreasing in ~, reflecting a more elastic demand, and rising in the cost cutoff

¢;;, reflecting pricing to market. Moreover, since the markup in expression (35) is falling in
the firm’s intrinsic cost of production, ¢, the model predicts that more productive firms enjoy
higher markups, which is in line with wide evidence, for instance with observations in Slovenian
data documented by De Loecker and Warzynski (2012).

Furthermore, from (31), the elasticity of prices with respect to the “intrinsic” marginal cost

¢ (or the transport cost 7;;, or the wage of the source country w;) can be expressed as:

J0lnp;;(c) e vy
c _ 0. |
€ii(c) dlnc ye + Cij © "1+

(36)

Similarly, the elasticity of prices with respect to income of the destination country Fj is:

8lnpij(c) . /C\ij

eZEj(c) =

— 1 (o) € [ﬁ 1} | (37)

It is easy to verify that the latter is also the elasticity of prices with respect to the real exchange
rate between the source and the destination country, which is often the subject of empirical

investigations.!®

161t is straightforward to extend the model to feature nominal and real exchange rates: let 7;; be the nominal
exchange rate between ¢ and j, so that p;;/r;; is the export price in the currency of country j. Define Ty
ri;w;j/w; as the real rate of exchange (see e.g. Berman et al., 2012): accordingly the profit-maximizing rule of
a c-firm from country 7 is

Ti5 W5 (a +")/C) R
Y 2 where ¢ =
1 +")/ TijWs Tij

ari; E;  ar;e;
pijlc) = i e R
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We can think of €¢ as a pass-through index because it says which percentage of cost changes
is reflected in price changes, and we can think of €¥ as an indez of pricing-to-market because
it says which percentage of income or exchange rate changes is reflected in price changes. For
any firm these two elasticities sum to one under any IA preferences (see Bertoletti and Etro,
2014, 2015), which shows that incomplete pass-through is strictly related to pricing-to-market.
Moreover, both of them vary with firm’s productivity in a monotonic way. For instance, pass-
through is zero for the most efficient firms (¢f;(0) = 0) and the highest for the least efficient
firms (ef;(¢ij) = v/(1+7)). Pricing-to-market in turn is as high as 1 for the most productive
firm and only 1/(1+ ) for the least productive one. These differences are due to the fact that
efficient firms set their prices low and change them mainly on the basis of changes in income,
while inefficient firms set high prices and change them mainly on the basis of changes in costs.
These predictions are in line with empirical evidence provided by Berman et al. (2012) that
pricing to market is more sensitive for more productive firms.”

Finally, let us consider the reaction of the sales of a firm of country ¢ toward country j
when the relevant trade cost decreases. We know from (36) that such a bilateral liberalization
reduces prices p;j(c) more for the small (high-c) firms. As a consequence, these small firms
increase more their production, as can be verified evaluating the elasticity of quantity z;;(c)
in (32). Whether the sale ¢;; of small firms are more or less reactive is not obvious. However,
computing the elasticity dInt;;(c)/dInT; (after normalizing dInw; = 0)'® and differentiating

it with respect to ¢ we obtain:

0 [dlnty(c) | _
oc | dlnry; |

where dIn¢;;/dIn7;; = dlnw;/dInT;; —1 < 0. Since a reduction of 7;; corresponds to trade

—7Cij VCij dInci;
@ +7e)? (G — o] dlnmy ’

liberalization, this shows that smaller firms respond more to trade liberalization, which is in
line with the evidence presented by Eaton et al. (2008) and Arkolakis (2015).

1"Using detailed French exporter data, these authors find that the exporter with average productivity raises
prices by 0.8% when experiencing a 10% home currency depreciation. Furthermore, the response is 1.3% for
exporters with a productivity level equal to the mean plus one standard deviation, namely, for more productive
exporters.

18Taking logs of p;; and x;; and differentiating we get:

dlnt;(c) _ Olnwx;i(c)  Idlnpij(c) 4 Oln | py] Cij ¢ 0lne;;
81117'17‘ 81117'17‘ 81117'17‘ 81117’ij /C\ij-l-’}/c aj—c 81117’1']"
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3.1.2 Equilibrium distributions and number of consumed varieties

Given our functional form, we can fully characterize the equilibrium in closed form solutions

(see Appendix B). The distribution of normalized prices on the support [ﬁ, a) can be derived
as: . N
Fi(s) = (ﬂ _ _) ’
va oy

which depends only on the three parameters «, x and a. Analogously, prices (31) in country j
are distributed according to Fj(p) = [(1 + ) p/vaE; — 1/+]", which is independent from trade
costs and the identities of the exporting countries, but depends crucially on the income of the

importing country j. The markup distribution can be derived as follows:

1
P%mwzl_[y+u+vwﬂ“ (38)

which is also the same across countries.
The expected profit and expected sales of a firm from country ¢ selling in country j can be

expressed as (see Appendix B):

VEB(k, v+ 2)a" T ESL

E{m} = — — , 39
) (1 +y)Hes (rijws)™ |y (39)
By = O Bl 2 )BT (40)
N (L +y)ves (mijws)" [y
where we introduced the Euler Beta function:!?
1
B@Jw::/t%%l—ﬂ”4ﬁ,
0

Using its properties we can compute (19) with:

0=r+1, (41)

which is independent from the preference parameters: this implies that the return on sales is
uniquely determined by the shape parameter of the Pareto distribution (and is below 50% given

k > 1). Moreover, it allows us to solve for the number of firms created in country i in closed

9Tts value is also given by:

where T'(¢) is the Euler Gamma function (see Appendix B). Its basic recursive properties can be expressed as
B(z+1,h) = 2B(z,h)/(z + h) and B(z,h+ 1) = hB(z,h)/(z + h).
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form solution as V; = ¢;L;/(k+1)F,, which is the same as in autarky (both in the decentralized
equilibrium and in the social optimum). The extensive margin n;; = N;G (¢;;) is independent

from population and the demand elasticity.? The number of goods consumed in country j as:

a~ E"
njc = /~€+1 Zez i (Tijwi) " (42)
Notice that preferences play no role in determining wages, therefore also the measure of con-
sumed varieties is independent from the preference parameter v. Remarkably, this implies that
changes in trade costs induce changes in the measure of consumed varieties that are indepen-
dent from the parameter that governs the level of competitiveness. Nevertheless, as we will see,
the induced welfare gains will depend on it.?!
Finally, we can also evaluate the market share in country j of an exporting c-firm from

country 7, a;; (¢) = t;;(c)/t;;. This can be expressed as:

ﬁ,
(1+75) (1-2)

Y1 +7)B(k+2,7)

s (e) = (43)
and it can be verified that also the distribution of the market shares are identical across coun-
tries and depend only on the two parameters v and .22 This result demonstrates an attractive
feature of this framework relative to alternatives: the distribution of (normalized) firm sales
is not uniquely tied to the distribution of firm productivities. Given a certain degree in pro-

ductivity dispersion, governed by , the dispersion in firm sales is pinned down by v.2*> Hence,

2ONotice that our model can generate an extensive margin increasing in population simply by adding small
fixed export costs. If these are in units of local labor, say f;, it is easy to derive from (34) the modified cutoff:

1
Lo YR (sl T

ay e;L;
so that the extensive margin is directly increasing in the destination population L;. Notice that the same
extension induces selection effects on the measure of domestic firms through the negative impact of the price

aggregator |u;| on the domestic cutoff é;.

2'We can also compute |uj| as a linear function of the number of consumed varieties, with |u;| =

YTt ’Y+1B(I{+2 ) C
(I+7)” J

22The crucial point is that the distribution of I = h(t) = (1+~t) (1 —t)7, where t = ¢/¢;;, is Fi(t) =
Pr{c/c;; <t} =t" on the support [0,1]. Notice that b’ (t) < 0 and A" (t) < 0 if and only if ¢ < 1/2, therefore [
is distributed on [0, 1] according to F;(I) =1 — (™1 (1))".

ZJung et al. (2015) demonstrate theoretically that the distributions of firm sales and productivity depend
uniquely on the Pareto productivity shape parameter in existing models that feature consumers with directly
additive preferences, including those of Melitz and Ottaviano (2008) without the outside good, of Behrens et
al. (2014) and of Simonovska (2015). Therefore, these models cannot jointly reconcile moments from the two
distributions observed in US data. The authors outline a flexible, albeit not tractable, extension of Simonovska
(2015) that falls within the directly-additive class and has more desirable quantitative features.
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the model can potentially reconcile both the measured productivity and sales advantages of

exporters over non-exporters reported by Bernard et al. (2003).

3.1.3 Welfare gains from trade

In this section we analyze the welfare impact of trade liberalization. Our specification of the
indirect utility allows us to characterize this impact in detail. Here we focus on the addilog

preferences, leaving the general treatment for Appendix C. The equilibrium value of utility in

a (CL . 8)7—1—1
Vj=ng /L ﬁdFs(S)

T+

country j is:

k(@) B(ry+2) o
(’Y + 1)7—1—2 77

which is linear in the total mass of consumed (domestic and imported) varieties njc The coefhi-

(44)

cient represents the utility expected from each consumed good and depends on the willingness
to pay a, on the preference parameter 7, which governs the level of market competitiveness,

and on k, which governs the cost distribution.

c
J
domestic share \j;, since by (25) and (42) we have:

The total number of consumed varieties n% can be simply traced down to the value of the

a®e" N
n¢ = —2-2 (45)

J =K ..
" \jj

Taking logs and differentiating (44) with respect to 7 and w for a given E; (remember that we

can always normalize wage changes in such a way that dInw; = 0) we get:

—k 20 ny (dInTy; + dInw)

C’ 9
n;

dlnV; = —dIn\j; = dInn§ = (46)
where the last step exploits the differentiation of (42) with respect to T and w for a given E;.
Integrating (46), we obtain that the proportional welfare change due to a trade shock (possibly
large) to T (and then to w) which changes the measure of consumed varieties from n§ to 7§

(or the domestic share from \;; to Aj;) is such that:

~ a¢ Nis ~
5 A

To translate this into a “quantitative” measure of the welfare gains from a change in trade costs,

we now need to calculate the equivalent variation on income.
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We now derive the (proportional) variation of per capita income in country 7, /V[7j, which is
equivalent to the welfare change ‘7; (given by (47)) due to trade liberalization. More precisely,
our aim is to determine the Equivalent Variation of income, EVj}, such that a consumer would
be indifferent between the post-shock prices induced by the change of trade costs and the new
income level W; = E; + EV; evaluated at pre-shock prices (see Varian, 1992, Par. 10.1, for such
a convenient “money metric”), with proportional variation Wj = W;/E;.

To keep prices unchanged at their initial level before the trade shock, it is convenient to
use the unconditional distribution of prices p;; faced by consumers in country j, Fj;. This is
the distribution of prices posted by all firms of country ¢ in country j that, using (31), can be

expressed as:

Fy(p) = ( (48)

on the interval [p,p], where p = aFE;/ (v +1) and p = (y7;w;c + aEj) / (v +1). Notice that

this distribution and its supports depend on 7;;, w;, and Ej, to be taken as given at their levels

(1+7)p—an)“

YTijW;C

before the shock.?* Since the expected utility from varieties with prices in the interval [aW;, D]

is null, we can write the welfare of a consumer in country j after receiving the income variation
EVj, as follows:

ViWy Fyy) = 7+1Z / (a——)WIdﬂj(p)

aWj P y+1 )
— _ P 1 — B dp SN (yrwie)
o[ (o) 0= p; ()

Taking logs of V;(Wj; Fi;) and differentiating with respect to W;, we obtain (see the Ap-

pendix C):
(v+ 1) (kW; + Ej)
Y+ L)W, - E,

dlnV; = dIn ;. (49)

For “small” income changes (i.e., evaluating the previous differential at W; = Ej), we obtain
the approximation dInV; = (v + 1) (k + 1) dIn W, /~. This delivers the local measure of welfare

gains from trade stated in the Introduction:

’)/d In )‘jj

L A S ICES I}

(50)

24The optimal prices of the varieties unsold in country j are not uniquely defined above the cutoff price aE;,
because demand and profits are zero. For the sake of simplicity (and to avoid any asymmetry between positive
and negative equivalent variations), we assume that they follow the same pricing rule (31) as the varieties
actually sold.
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The exact measure of the gains from trade liberalization, /Wj, valid also for “large” trade shocks,

can be obtained integrating (49) which delivers W as follows:

Wi (v +1) (st + E)) ~
[E i =l (51)

where we can compute:

/WJ (v +1) (st + E;) dt =[(y+ £+ 1) (vt +t— Ej) — (v+ 1) Int]’

g, (Y+Lt—E; ¢

It is easy to verify that the approximation derived from (50) provides a lower bound for
the exact welfare gains in (51),% therefore it can be used as prudent way to estimate the
benefits of trade liberalization. The welfare gains from trade liberalization depend on k, as
in Arkolakis et al. (2012), but also on «y, which governs the level of competitiveness in the
markets. Accordingly, for a given value of the Pareto shape parameter, the gains from trade
liberalization are larger in more competitive markets: the absolute value of the coefficient in
(50) is in the range (0, —=7)

lower prices, which in turn requires a larger equivalent income variation due to the decreasing
26

for v € (0,00). Intuitively, a more competitive environment implies

marginal utility of income.
Finally, while (51) provides an ez-post way of measuring the welfare change after observing

Aj;, one can actually predict ex ante the impact of any reduction in trade costs by computing

the alleged wage and domestic expenditure changes. In particular, similarly to Arkolakis et al.

(2012), the following two expressions are sufficient to conduct ez-ante welfare analysis:*?
Nij (W) 7" ) . w;T;) "
w;Y; = Z (10ifi5)” w;Y; and \j; = (1075 : (52)

* >t Ay (T ) S kg (k)"
25This derives from the fact that:

et [ D) (st B Tty ) (- By
/Ej At /E Gini-E " t‘”“)/@ TG r e

therefore the exact measure of the gains from liberalization is always larger than the approximate measure.
Notice that in the case of a welfare loss, on the contrary, the approximation is an upper bound for the exact
loss.

26Similarly, the exact income variation equivalent to a positive trade shock is larger when we take into account
the decreasing marginal utility of income.

27Since the present model satisfies the requirements of what Allen et al. (2014) define as “universal gravity”,
we can also rely on their comparative statics results to guarantee that any trade cost reduction increases “world
welfare”, defined as a weighted average of the welfare of all countries.
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3.2 Welfare across different classes of preferences

Our welfare results can be generalized for the IA class of preferences (see Appendix C) and
compared with those of the models in Arkolakis et al. (2012, 2015) and Feenstra (2014).

For a variety of trade models based on CES preferences and different details on the supply
side (as Krugman, 1980, Eaton and Kortum, 2002, Melitz, 2003, and others) and for heteroge-
nous firms models with homothetic preferences, the exact welfare variation derived by Arkolakis

et al. (2012, 2015) is:
dlIn >\jj

danVjH:
K

(53)

where £ is the trade elasticity, which corresponds in most applications to our Pareto paramenter.
As already noticed for translog preferences by Arkolakis et al. (2010) and for a larger class of
homothetic preferences by Feenstra (2014), trade liberalization induces consumers to replace
the most expensive domestic goods with an identical number of now cheaper imported varieties,
which produces gains from trade that one can summarize as due to selection effects. In the
terminology of Arkolakis et al. (2015), reductions in marginal costs due to trade liberalization
are here the only source of gains because the “direct” markup effect due to incomplete pass-
through (which would induce an increases of the average markup) is exactly counterbalanced
by what they call the “indirect” markup effect due to the reduction of the choke price (which
induces a selection effect on the set of domestic firms).

In case of directly additive preferences Arkolakis et al. (2015) can derive an approximation

dimWwPA — (1 P )4y
J K+ 1 ko

of the welfare gains:

where p is a weighted average of the elasticity of markups to productivity (with relative sales
as weights), and it is positive and smaller than one in common models where prices increase
less than proportionally with the marginal costs. In this case, by reducing the choke price trade
liberalization not only creates a selection effect on domestic varieties but also increases the
total number of consumed goods, affecting the distribution of prices (while leaving unchanged
the distribution of individual consumption levels). As shown by Arkolakis et al. (2015), the
domestic gains from the reduction of the choke price (the indirect markup effect) compensate
only in part the losses due to the average increase in markup (the direct markup effect), leading
to smaller welfare gains compared to homothetic preferences. However, the difference is limited

1 1

since the absolute value of the coefficient above is in the range (—, ;;) for p € (0, 1).

In case of IA preferences, we can obtain the exact welfare variation as (see Appendix):

dln W4 =—(1- gE)M

J K

(54)
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where Ef € (0,1) is an average of the elasticity of price (weighted by the sale shares) with respect
to income. In this case, trade liberalization induces consumers to import new foreign goods,
reducing the individual consumption of each domestic variety without affecting their measure.
As a consequence, the final distribution of prices of the purchased goods remains unchanged.
The indirect markup effect is therefore absent, and the direct markup effect reduces the gains
from trade liberalization. The consequence is that TA preferences generate welfare gains that
can be substantially different from traditional models based on CES or homothetic preferences
as € € (0,1).

Nevertheless the magnitude of the welfare gains depends crucially on the values of the
parameters x and EJE (or k and ~y in the addilog specification), which need to be identified from
moments in the data. It is for this reason that we turn to the quantitative analysis in the next

section.

4 Quantitative Analysis

In this section, we estimate the addilog model’s parameters and we evaluate the quantitative
fit of the model to observations from cross-firm and cross-country data. The goal of the section
is to subject the model through a variety of quantitative tests so as to gain confidence in the

estimates of the key parameters that govern the welfare gains from trade in the model.

4.1 Background

We opt for a structural approach toward identifying the two key parameters, x and . In
particular, the identification approach demands that we also take a stand on a number of
additional (but not all) parameters that characterize the model. The model falls within a large
class of models that generate a log-linear gravity equation of trade. As a consequence, the two
key parameters, x and v, together with a set of country- and country-pair-specific parameters
that can be estimated using the model’s structural gravity equation of trade, are sufficient to
generate a set of moments that can be used to judge the model’s fit to the data.?®

We begin by deriving the theoretical gravity equation of trade. Taking the log of the ratio
of country j’s import share from source 4, \;; in expression (25), and j’s domestic expenditure

share, the corresponding expression for \;;, obtains

lOg <M) = Sz - Sj - HlOg’TZ’j, (55)
Ajj

28Simonovska and Waugh (2014,a,b) demonstrate this fact for models that rely on homothetic preferences,
while Jung et al. (2015) analyze models that belong to a class of directly additive non-homothetic preferences.
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where S; = log(e; Lyw; ") foralli =1,.., 1. Let S; = exp(gi), a transformation that will be used
extensively as we proceed.

Suppose that we have obtained estimates for the parameters x and ~, as well as objects
S; for all © = 1,..,I and 7;; for all country-pairs ¢, 7. Then, using data for actual trade shares
Aij for all 4,7 pairs and population size L; for all countries j, we can compute predicted per-
capita income levels for each country from the model’s predicted market clearing conditions. In
particular, refer to (26), where by definition per-capita income in country i is E; = w;e;. After
normalizing population size, L;, relative to a numeraire, we can obtain per-capita incomes, E;,
relative to a numeraire, using data on L; and \;; for all ¢,j from this very expression. Let
P denote the vector of the parameters necessary for simulation in matrix notation, namely
P = {k,v,7,L,E,S} and let A denote the bilateral trade-share matrix with typical element
Aij-

With P and A in hand, we can compute all endogenous objects in the model that are
necessary to derive the moments of interest. We begin by computing cost cutoffs. Expression
(18) suggests that a value for the parameter a would be needed in order to obtain cost cutoffs.
As it turns out, it is sufficient to compute cost cutoffs relative to a numeraire cutoff, in order to
derive the moments of interest. Thus, for now, we assume that we have computed all cutoffs,
relative to a numeraire of choice, and below we describe how we select the numeraire and we

characterize all objects of interest as a function of normalized cutoffs, P, and A.

4.2 Testable predictions
4.2.1 Prices across destinations

A key testable prediction of our model relates to cross-country price variation. Prices should
be increasing in destination per-capita income and independent of destination population size:
Opi;j/OE; > 0 and Op;;/0L; = 0. In the absence of data on firms’ costs, the expected values of
the elasticities of prices are of particular interest for a comparison with corresponding moments
in real data. In particular, we can derive an explicit expression for the average elasticity of

price with respect to per-capita income:
Ef{ep} = Fou(1, 551 + Ky —7), (56)

where Fb; is the hypergeometric function defined in Appendix B. Hence, with estimates of
r and v in hand, we can compute this average elasticity and also the average pass-through
E{e.} =1 —E{er} and compare them to estimates from existing data. In turn, the predicted

elasticity of price with respect to population size in the model is zero. This is another object
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that we can compare to estimates from data.

4.2.2 Pass-through and mark-ups across firms

In the model, more productive exporters price to market more or, alternatively, they enjoy
lower cost pass-through. In expression (66) in the Appendix we have derived the distribution
of the elasticity of price with respect to income, which, as already mentioned, corresponds to

the elasticity with respect to the real exchange rate. We reproduce it below for convenience:

Pr(er < —1- (10

YE

Given estimates of k and 7, we can compute also the average plus one standard deviation
response to exchange rate changes. This allows us to compare the average and the average plus
one standard deviation response to exchange rate changes to the corresponding moments in the
data so as to test the prediction that small (or less productive) firms pass through cost changes
more.

Finally, the distribution of mark-ups is given in expression (38). With estimates of x and =
at hand, we can derive moments from the mark-up distribution and compare them to data. In

particular, the expected markup is:

1
v+ 1D (x—-1)

E{m} =
which is decreasing in x > 1 and 7.

4.2.3 Extensive margin of trade

The extensive margin of trade was derived in expression (21) for general IA preferences. It varies
across source and destination countries. Given a source country ¢, let j* denote a numeraire

destination. The ratio of the extensive margin for destination j, relative to the numeraire, is:

EN*/ 7.\ "
ti = (=2 5
exj (Ey) (Tz‘j*) o

Taking logs of the above expression allows us to obtain elasticities of the extensive margin with

respect to destination specific characteristics. Hence the model predicts that, for a given source
country, the extensive margin of trade is increasing in per-capita income with an elasticity of
x and falling in trade costs with an elasticity of —«. With an estimate of trade costs at hand,

we can also compute the elasticity of the extensive margin with respect to distance to the
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destination, and compare it to data. Notice that with TA preferences, the extensive margin of
trade must be raising in destination income and neutral in the destination’s population, while it
is decreasing in population under both directly additive preferences (see for example the models
in ACDR) and homothetic preferences (see for example the models in Feenstra, 2014).

The positive relationship between market size and the extensive margin can be restored by
the introduction of a fixed cost as in Melitz (2003). Footnote 20 offers an explicit solution in
the case of TA preferences with fixed costs. Recall that the evidence on the the relationship
between the extensive margin and population size is mixed. Authors who use internet data (ex.
Macedoni, 2005) find that the extensive margin is neutral in population size as predicted by the
baseline TA model. In contrast, authors who use traditional trade data (firm-level or product-
category-level manufacturing data) find that the extensive margin is increasing in population
size and the coefficient estimates vary across countries and industries. This suggests that there
is heterogeneity in fixed costs across countries and industries, ranging from nearly zero in online

markets to positive and potentially large costs in traditional retail markets.

4.2.4 Intensive margin of trade

The intensive margin of trade was derived in expression (23) for general A preferences. It
measures the average sales for firms in a particular destination and it is independent of the
source country. Letting country j* be a numeraire destination, and using the definition of the

gravity object S;, the ratio of the intensive margin for destination 7, relative to the numeraire,

—K —r\ 1
iy — EiLi (Ej ) 2k STy (58)
7 ErL: \Ej >k kTt

Taking logs of both sides of the expression yields the following: controlling for aggregate effects,

can be rewritten as:

the elasticity of the intensive margin with respect to destination GDP is 1 and the elasticity of
the intensive margin with respect to destination per-capita income is —x. The second elasticity
is negative and its value can be computed with an estimate of x in hand. In contrast to our
model, directly additive and homothetic preferences with a finite choke price (see for example
the models in ACDR and Feenstra, 2014) imply that the intensive margin is increasing in
per capita income and in market size. Finally, the Melitz/Chaney model relates the intensive
margin to the fixed cost to serve a destination and to the unit in which it is expensed. If this
cost is parameterized to be source- and destination-specific as in Eaton et al. (2011), and if
one assumes that the cost is systematically related to destination characteristics, the model can

generate a systematic relationship between the intensive margin and destination characteristics.
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4.2.5 Sales and measured productivity advantage of exporters

More efficient firms realize higher sales. Moreover, trade barriers prevent less efficient firms
from exporting, which implies that exporters enjoy an efficiency and sales advantage over non-
exporters. Below, we derive two moments of interest from the distributions of measured pro-
ductivity and sales of firms: the measured productivity and sales advantage of exporters over
non-exporters. As for the moments described thus far, we can compare these moments to their

data counterparts.

Exporter sales advantage In order to derive moments for exporters and non-exporters
from any source country i, it is useful to define a cost cutoff that separates firms into these two
groups. In particular, using the characterization for cost cutoffs in expression (18), define the

cost cutoff for exporters from country ¢ as

. aky,
&ij = max

59
k#i T W ( )

Notice that any firm from country ¢ with cost ¢ < ¢; is an exporter to some country k and
any firm with cost ¢ € [¢;,¢;] serves the domestic market only.? This follows from the fact
that firms differ only along the cost dimension, so there is a strict ordering of markets by
toughness, with the destination k” being toughest for i’s producers if ¢;» < ¢ VK. Thus,
we can refer to country j that satisfies the definition in expression (59) as the most accessible
foreign destination for firms from .

Having categorized firms into exporters and non-exporters, the first moment we are inter-
ested in is the ratio between the average domestic sales of exporters and the average sales of
non-exporters from any country i.3° Consider any firm from country i7; its domestic sales are
given by expression (33), where destination j = i. Integrating over all exporters, then inte-
grating over all non-exporters, and finally taking the ratio of the two yields the exporter sales

advantage at home, which we denote by H;:

) () =] [B(Zima+2) + 1+ B(2ik+1,7+1)]
le i _ i i _ ’
B(/{,7+2)—B(%;/€,7+2)—I—(1—|—7) [B(K+1,7+1)—B(féfj-f@+1,7+1>]

Cii )

29The definition implicitly assumes that trade barriers are high enough so that é; > & Yk # i.
30We follow Bernard et al. (2003) and derive this ratio because we will be comparing the model’s predicted
moment to the corresponding moment from the US distribution reported by these authors.
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where B(u; z, h) is the incomplete (Euler) Beta function:
B(u;z,h) = / #7711 — )" ae.
0

—1
mamk¢iEkTik
E;

cutoffs in (18) and (59), it immediately follows that &t = y;;'- Then, our desired moment, now
ij

To see that H; depends on P only, define Yij = . Using the expressions for cost

denoted by Hy, can be rewritten as:

H\(P) = [y;" — 1] -
B(yiji 6,7 +2) + (14+7) B(yij; 6+ 1,7 + 1)
B(k,y+2) = B(yij; 5,7 +2)+ (14+7) [B(s+ 1,y + 1) = B(yij; s + L,y + 1)]

(60)
where the dependence on P is made explicit.

Exporter measured productivity advantage The second moment of interest is the mea-
sured productivity advantage of exporters over non-exporters. In the absence of intermediate
goods, the value added of a firm is the ratio of its sales to the number of employees. Firm
sales are given in expression (33). To derive the number of workers, notice that the production
function of a c—firm from country ¢ selling in country j is z;; = l;;/(7;;¢), where 7;;c is its “unit
labor requirement” and [;;(c) = 7;cx;;(c) its conditional labor demand. The corresponding
number of employed workers is given by 7;;cz;;(c)/e;.

With this in mind, the measured productivity, or the value added per worker, of a non-

exporter with cost draw ¢ € [¢;;, ¢;] from country ¢ is:

eztm (C)
CT;i X4 (C)

va;®(c) =

Similarly, the measured productivity, or the value added per worker, of an exporter with cost
draw ¢ < ¢;; is:
. €i ZkeKi(c) tir(c)
va; (C> = )
¢ ZkeKi(c) TikTik ()
where K;(c) is the set of destinations k such that ¢ < ¢y.

Taking logs of both variables, integrating over all exporters and non-exporters, respectively,

and taking the difference of the two yields the exporter measured productivity advantage (in
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percentage terms)3!, which we denote by H,:

ch—l ch—l

FIQZ/ZJ log(vai(c)) = dc—/“ log(va;*“(c)) ——=dc.
0 < |

__ pk
ij Gij i Cij

As was the case for H; above, it can be shown that Hs can be re-expressed in terms of P only
and denoted by Hs(P). Due to the length of the argument, we relegate the details to Appendix
D.

Wages The two firm-level moments derived above rely on the endogenous wage, w;, of the
country whose exporters are simulated. In principle, should we simulate exporters for all
countries, we would need to separately identify wages for all countries. However, the exporter
moments that we will try to reconcile are only made available for US exporters by Bernard et
al. (2003). Assuming that the two key parameters, £ and ~y, are not country-specific, we can
generate the moments from the model for US exporters by only simulating observations for US

exporters. In this case, we let wyg = 1.

4.3 Simulation algorithm

In this model, there exists a continuum of firms; hence, the first step in the simulation is to
recognize that the continuum needs to be discretized and the number of simulated draws has to
be large enough so as to best approximate the entire continuum. In principle, one would need to
simulate a very large number of draws for each country; which can be a daunting task. The task,
however, is greatly simplified due to the fact that cost draws are transformations of random
variables drawn from a parameter-free uniform distribution, where the transformation function
depends on P. This powerful insight draws on arguments first made transparent by Bernard
et al. (2003) within the context of a model with a fixed measure of firms and subsequently by
Eaton et al. (2011) within a model with an endogenous measure of firms.

Recall that our goal is to simulate a large number of cost draws, ¢, from the pdf given by
gi(c) = ket /e, which ensures that ¢ € [0, ¢;] for all i.3% Given these draws, we can proceed to
compute exporting costs and determine the subset of firms from each source country ¢ that serve
each destination j. With this in mind we proceed as follows. We draw 500,000 realizations® of

the uniform distribution on the [0, 1] domain, UJ0, 1], we order them in increasing order, and

31'We follow Bernard et al. (2003) and define this object in percentage terms because we will be comparing the
model’s predicted moment to the corresponding moment from the US distribution reported by these authors.

32Tt would be futile to simulate firms with higher cost draws than this upper bound because they would
immediately exit in equilibrium.

33The quantitative results are nearly identical when we use a grid of 2,000,000. One key difference is that US
exporters serve a larger number of destinations in this case; namely, there are fewer zeros in the trade matrix.
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find the maximum realization, denoted by u™**. Then, we let ¢ = (u/ umax)% ¢i;. Notice that
¢ € [0, ¢;] by construction, and it has pdf of g;(c) = KCZ%; yet the normalization allows us to
utilize all draws. Multiplying each ¢ by the appropriatg wage rate and trade cost yields the
cost to serve each market. Comparing this cost to the cost cutoff for each source-destination
pair determines the set of exporters to every destination.

What remains is to decide the source-destination cost cutoff pair that serves as numeraire.
This choice depends on the particular exercise that one intends to engage in. The objective
of the normalization, however, is always the same: the numeraire is chosen so as to maximize
the usage of the 500,000 draws from the uniform distribution. As we describe below, we choose
to identify the key parameters of interest, x and 7, from moments for US firms; thus, we need
to simulate observations for all US producers—both domestic and exporting. To maximize the
number of draws used, we choose the numeraire cost cutoff to be ¢yspys. Hence, all simulated

firms serve at least the US and a subset of them serve different export markets.

4.4 Estimation

In order to numerically generate the model’s predictions that we outline above, we first need
to estimate the model’s parameters and then simulate micro-level data. The estimation can
be divided into the following three steps: (i) estimate a set of country(-pair) parameters using
the model’s predicted gravity equation of trade and data; (ii) use gravity-based estimates,
together with data on population size, to estimate per-capita income levels from the model’s
market clearing condition; (iii) use parameters from (i) and (ii), together with moments for US

producers, to identify the remaining parameters, v and k.

Step 1 The empirical gravity equation of trade that corresponds to the theoretical prediction

derived in expression (55) is given by

AN
10g (—j) = SZ — Sj — IilOg Tij + Eij, (61)
Ajj

where ¢;; is a country-pair residual error term. We assume that the bilateral trade cost takes

on the following functional form
log 7;; = Balogd;; + ex; + B, dy + Brdy, (62)

where f3; is the coefficient estimate on the log of the bilateral distance in kilometers, d;;, ex;
is an exporter fixed effect as in Waugh (2010), dj, is an indicator that takes on the value of 1

if trade is internal with coefficient S, and 3, is a 5 x 1 vector of coefficients on a matrix of
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5 indicators, dj, where each indicator takes on the value of 1 if countries ¢ and j: (i) share
a border, (ii) have a common official or primary language, (iii) have a common colonizer post
1945, (iv) have a regional trade agreement (RTA) in force, and (v) share a common currency.

After substituting expression (62) into (61), we estimate the coefficients for 123 countries
via OLS using source and destination fixed effects.?* We exclude trade share observations that
take on the value of zero. A description of the (standard) datasets used in the estimation and
the results from the gravity estimation can be found in Appendix E. We plot the predicted and
actual trade shares in Section 4.5 below.

A couple of notes are in order. First, all parameter estimates pertaining to the trade costs
are scaled by k. Thus, the gravity equation allows us to estimate xlog;; only, rather than to
separately identify s from 7;;. We present our identification strategy for s in Step 3 below.
Second, domestic trade costs are also estimated in this step and they are not necessarily equal
to unity. Hence, before we proceed, we normalize all international trade costs, relative to their

domestic counterparts.

Step 2 We compute per-capita incomes using the model’s implied market clearing equation
together with data on trade shares and population size for all 123 countries. In particular, we
employ the first equality in expression (26), where by definition per-capita income in country i
is F; = w;e;. After normalizing population size, L;, relative to a numeraire country, which we
take to be the US, we can obtain per-capita incomes, FE;, for all ¢ # US, relative to the US,
using data on L; and \;; for all ¢, j from this very expression. We describe the data sources in

Appendix E and we plot the predicted and actual per-capita income in Section 4.5 below.

Step 3 It remains to choose an identification strategy for the key remaining parameters that
characterize the welfare gains from trade: s and ~. In principle, these two parameters govern
more than two moments in the model. Hence, different sets of moments will result in different
estimates for these parameters and therefore in different estimates of the gains from trade. The
challenge is to select the moments that are (i) most informative about these two parameters
and (ii) directly informative about the welfare gains from trade. The parameter s is a supply-
side parameter in the model - it is the shape parameter that governs the dispersion of the
productivity distribution in the model. From the gravity equation of trade, this parameter
is also interpreted as the partial elasticity of trade flows with respect to variable trade costs.
Unfortunately, without data on trade costs, the parameter cannot be identified from the gravity

equation. In addition, given the aggregate nature of our model (to a single manufacturing

34For a detailed discussion on how to separately identify the coefficients S; from ex; see Simonovska and
Waugh (2014a).
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sector), variation in bilateral trade flows and bilateral tariffs is not sufficient to identify the
parameter (see Simonovska and Waugh, 2014b). One may also be tempted to employ the
methodology developed by Simonovska and Waugh (2014a,b) to identify the parameter. The
authors argue that the dispersion of productivities directly maps into the dispersion of prices in a
large class of models, which implies that moments from cross-country price data are informative
about the Pareto shape parameter. This argument is valid in the class of CES models that
they study where mark-ups are constant; however, in our variable mark-up framework x and
~v both govern the price distribution. Therefore, price data is not sufficient to identify x. For
these reasons, we turn to moments from the productivity distribution instead. In particular,
we choose as our first moment the measured productivity advantage of exporters over non-
exporters. Indeed, Bernard et al. (2003) choose the same moment to identify the productivity
dispersion parameter in their model.

Choosing an informative moment for the demand-side parameter 7 is equally challenging.
This parameter governs a number of moments in the model. First and foremost, v governs the
elasticity of demand with respect to price. Consequently, the parameter plays a key role in
the model’s pricing predictions. In particular, it governs the elasticity of price with respect to
income as well as the cost pass-through elasticity. Second, for a given dispersion in productivi-
ties, v governs the distribution of firm sales as well as the distribution of mark-ups. Therefore,
a number of moments are potentially informative about this parameter’s value.

With this in mind, we proceed with an overidentified estimation strategy. In particular,
to identify ~, we rely on the average elasticity of price with respect to income as well as the
domestic sales advantage of exporters over non-exporters. We choose these moments for the
following reasons: First, our model differs from existing alternatives precisely along the pricing
dimension—it predicts that the price elasticity with respect to income is positive, while the
price elasticity with respect to market size is zero. Therefore, targeting the price elasticity with
respect to income seems to be a natural choice. Second, it is the price elasticity with respect
to income, weighted by each firm’s relative sales, that constitutes €“—the object that governs
the welfare gains in our model. Therefore, the distribution of firm sales together with the price
elasticity with respect to income are important objects in determining the magnitude of welfare
gains from trade. Finally, we report the performance of the model along a number of additional
dimensions in order to gain confidence in the parameter estimates.

In sum, in to identify x and v we combine objects from Steps 1 and 2 with three model-
generated moments: (i) the domestic sales advantage of US exporters over non-exporters, or
H,(P) given in expression (60); (ii) the value-added advantage of US exporters over non-
exporters, or Hy(P, A) given in expression (73) in Appendix D; and (iii) the average elasticity of

price with respect to income for US exporters, or E {eg} given in expression (56). To compute
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the first two moments, we let the source country ¢ = US and we consider all 123 potential
destinations referred to in Steps 1 and 2 above (the third moment is country invariant).

On the technical side, to compute the first two moments, we need to separately identify
wyg from eyg because only wyg enters unit costs of production as well as cost cutoffs. Since
we normalize all per-capita incomes (and sizes) relative to the US, this would imply that both
wys = 1 and eys = 1. Notice that by construction this implies that we need to normalize
all Sy’s relative to Syg so that Syg = 1. Because log(Sy) is the object that we estimate from
gravity, we first exponentiate this object for every k and then we divide it through by the
exponent of the object for the US.

4.5 Moments and parameters

Table 1 summarizes the three moments that we target in our baseline approach, the data
sources, as well as the resulting parameters that match those moments.?® In this overidentified
approach, we employ the identity matrix to weigh the three moments that the two parameters

attempt to jointly match.

Table 1: Moments and Parameters

Moment Model Data Source
US Exporter Productivity Advantage 0.34 0.33 BEJK
US Exporter Sales Advantage 4.81 4.8 BEJK
US Exporter Price Elasticity of Income, Mean 0.429 0.235 Alessandria and Kaboski
Population, relative to US (N-1)x1 vector WDI
Bilateral trade shares Gravity Comtrade
Parameter Value

vy 1.90

K 2.81

L (N-1)x1 vector

T Gravity

Table 1 shows that the model matches the sales and productivity advantage moments nearly
perfectly. However, this comes at a cost: the model is unable to match the average price elas-
ticity reported in the data and it predicts an elasticity that is nearly twice as high. Intuitively,
for a given k, there is a tension between the sales advantage and the price elasticity moment. In

fact, targeting the price elasticity moment in conjunction with the productivity moment would

35The firm-level moments reported in Bernard et al. (2003) are for the universe of US firms in 1992. Bernard
et al. (2007) document similar statistics using 2002 US firm-level data. The price elasticity moment is reported
in Alessandria and Kaboski (2011), Table 1, and is obtained using HS-10 digit unit value data for US exports
of final/consumption goods recorded at the port of shipping to 28 destinations during the 1989-2000 period.
While the prices do not include shipping costs and destination-specific non-tradable components, they may
reflect quality variations.
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result in estimates of x and v of 2.03 and 5.62, respectively. The implied sales advantage in
this case is 21.8, which exceeds the moment in the data by a factor of 5. Given the relatively
greater sensitivity of the sales advantage moment than the price elasticity moment to the value

of v, the model requires that v remain relatively low.

4.6 Model fit

Table 2: Predicted VS. Actual Moments

Moments Model Data Source

US Exporters, % All firms 16.26 18 — 21 Bernard et al., BEJK
Export Intensity (%) BEJK

0-10 83.8 66

10-20 9.3 16

20-30 3.1 7.7

30-40 1.6 4.4

40-50 1.0 2.4

50-60 0.5 1.5

60-100 0.7 2.8

Mark-up, mean, % 19.03 5—40 Jaimovich-Floetotto
Cost pass-through, mean  0.57 0.36 — 0.57 De Loecker et al.
Log E, rel. US, mean -3.03 —2.70 WDI

(standard deviation) (2.67) (1.66)

Moments Corr  (model,data)

Log E, 123 countries 0.87

Aij, 123 countries 0.91

Table 2 summarizes a basic fit of the model to the data. Unlike the moments displayed
in Table 1, which we target in the identification of the model’s parameters and therefore we
are able to match, the moments in these tables serve for external validation as they are not
targeted. The model predicts that the share of US firms that export is roughly 16%, in line with
US data for year 1992 reported in Bernard et al. (2003). The resulting export intensity in the
model is even more skewed than observed in the data and it reflects the prediction that a large
number of US firms that export sell very little abroad—that is to say most exporters sell tiny
amounts abroad even though they enjoy a large domestic sales advantage over non-exporters.

Furthermore, the mean price elasticity with respect to the real exchange rate is equivalent
to the mean price elasticity with respect to per-capita income of 0.43, while the mean plus one
standard deviation estimate is 0.51. We interpret these elasticities as equilibrium elasticities for
the broad manufacturing sector. These estimates are qualitatively in line with, but exceed in
magnitude, the findings in Berman et al. (2012) for a set of French exporters to non-Eurozone

destinations. Furthermore, the average cost pass-through predicted by the model is exactly one
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minus the pricing-to-market elasticity reported above and amounts to 0.57, which is within the
range of 0.36-0.57 reported by De Loecker et al. (2015) for Indian manufacturing firms.
Finally, given our estimated parameters, the average markup amounts to 19%, which is in
line with common findings in the macroeconomic literature (see Jaimovich and Flotetto, 2008).
With respect to aggregate moments, the model generates per-capita income levels that are
at par with the data. In particular, the model falls somewhat short of the mean per-capita
income level among 123 countries, but it yields a higher variance. Despite the dispersion, the
model’s predictions line up with the data, as the correlation of the predicted and actual per-

capita income among 123 countries is 0.87 (in logs). Figure 1 gives a visual representation of



the model’s fit along the income dimension. While countries line up along the 45-degree line,
which represents a perfect fit, the model underpredicts the income levels of the poorest set
of countries. Since per-capita incomes are chosen so as to match observed trade flows in the
market clearing equation, this result may be due to the fact that these countries have relatively
low import and export shares, even conditional on trade barrier levels. This would suggest that
these countries may simply be plagued by very low productivities.

Figure 2 plots (non-zero) predicted against actual bilateral trade shares for all country pairs.
A large cluster of bilateral trade shares can be seen around the origin representing the fact that,
for the majority of countries, each individual destination accounts for a tiny fraction of its total
sales. On the other hand, large numbers that are dispersed around the top right corner mostly
capture domestic expenditure shares. Despite the large variation in trade shares, the model
can match the cross-section of trade shares quite well due to the flexible specification for trade

costs in the structural gravity equation.

4.7 The Margins of Trade

4.7.1 Extensive margin of trade

In this section, we quantify the model’s predictions about the extensive margin of trade. Recall
from (57) that the model predicts that the elasticity of the extensive margin with respect to
destination per-capita income equals x, while the same elasticity with respect to trade costs
equals —k. Since trade barriers are increasing in distance, our model’s predicted elasticity with

respect to distance is necessarily negative.

Table 3: Predicted US Ex-
tensive Margin of Trade

(1)
Log(pcincome)  2.841%***

(0.118)
Log(L) 0.056

(0.074)
Log(distance) -1.922%%*

(0.295)
R? 0.93

# Observations 60

Notes: All variables relative to
Mexico—the most popular US
export destination in terms of
number of exported products.
*** indicate significance at 1%-
level. Standard errors in paren-
theses.
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In Table 3, we quantify the elasticity with respect to distance. Since the extensive margin
in the model is source-destination specific, we focus on the US as a source country. We regress
the predicted extensive margin on destination per-capita income, size, and distance from the
US, all in logs. The estimated elasticities with respect to the three variables are 2.8, 0.06, and
-1.9, respectively, and only the first and the last are statistically significant. The coefficients
on per-capita income and distance are consistent with the findings in Bernard et al. (2007) for
US data. In particular, the authors document that the elasticity of the number of exported
products by US exporters with respect to destination GDP is 0.52 and with respect to distance
is -1.06. While the authors do not decompose the elasticity with respect to GDP into the two
components: per-capita income and population size, our model suggests that the positive slope
in the data may be due to the per-capita income component. Furthermore, the importance of
destination per-capita income in explaining the variation in the extensive margin is documented
in Hummels and Klenow (2002). The authors document that, while both importing per-capita
income and population size drive extensive margin variations, the elasticity with respect to
per-capita income exceeds that with respect to population size. Recently, Macedoni (2015)
confirms these predictions using firm- and product-level data for a number of exporting countries
featured in the Exporter Dynamics Database. However, when the author focuses the analysis
on large firms that sell their products online, he finds that firms offer more varieties in richer
destinations, but he does not find evidence that destination size plays a role in driving the
firm-level extensive margin.*® Further empirical investigations decomposing the contribution of

income and population in explaining the extensive margin would be fruitful.

4.7.2 Intensive margin of trade

The model predicts that: controlling for aggregate effects (i) the elasticity of the intensive
margin with respect to destination GDP is 1; (ii) the elasticity of the intensive margin with
respect to destination per-capita income is —k, or —2.81 given our estimate. Accordingly,
in our model the intensive margin of trade is increasing in a destination’s overall GDP and
decreasing in the destination’s per-capita income, which can reconcile findings in Eaton et al.
(2011). Eaton et al. (2011) find that the intensive margin (defined as average per-firm sales) is
increasing in destination GDP and either increasing or decreasing in destination per-capita GDP
depending on the source country analyzed, but we believe that it would be important to run
further empirical investigations that distinguish the roles of destination income and population

in affecting the margins of trade. This would allow for a better discrimination between models.

36The author collects data for Samsung and verifies the results using data for Zara, Apple, H&M, and Ikea
from the Billion Prices Project.
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4.8 Prices across destinations

We conclude this section by providing further evidence of the distinct pricing prediction of the
model. In particular, the model predicts that prices are increasing in destination per-capita
and are independent of destination population size. Given our estimates of £ and 7, the mean
elasticity of price with respect to per-capita income is 0.43. In turn, the price elasticity with
respect to population is zero. These estimates compare qualitatively to estimates reported in
the empirical literature. In particular, Simonovska (2015) finds that a Spanish apparel retailer
systematically price discriminates according to the per-capita income of destinations. The
typical elasticity estimate that the author obtains circles around 0.14, nearly a third of the
elasticity predicted by our model, which we interpret to broadly represent the manufacturing
sector. In turn, the author does not find strong evidence that prices differ across countries of
different sizes in any systematic way. Dingel (2015) obtains similar results using data on unit

values for individual US producers across many destinations.

Table 4: The Cross-Section of Prices
(1) (2)

Log(pcincome) 0.137%**  (0.130%**
(0.030)  (0.036)
Log(L) 0.021  0.016
(0.023)  (0.025)
Log(T) 0.044
(0.056)

Log(weighted tariff)  -0.006 0.001
(0.029)  (0.040)

Landlocked -0.016
(0.111)
Island 0.027
(0.088)
Eurozone 0.067
(0.073)
R? 0.47 0.47
# Observations 7480 7480

Notes: All variables are relative to US. *** indi-
cate significance at 1%-level. Standard errors in
parentheses.

In Table 4, we demonstrate that the same facts hold true in more aggregate data. In
particular, we obtain prices for 110 products with identical characteristics available in a subset
of 71 of the countries used above. The source of the data is the International Economist
Unit (EIU), which we describe in Appendix E. Unlike in Simonovska (2015), our data are not

sufficiently detailed so as to be able to argue that price variation across destinations is entirely
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due to pricing to market; in particular, prices in our dataset may differ across destinations due
to differences in quality or non-tradable components as well. Nonetheless, we can use the data
to verify whether similar patterns hold true as in the existing empirical literature.

We perform two sets of regressions whereby we regress logged prices, relative to the price
in the US, against logged per-capita income and logged size, controlling for trade costs. In
the first exercise, we approximate trade costs by the average tariff in each destination and the
average iceberg trade cost as estimated from the gravity equation of trade, weighted by trade
shares. In the second exercise, we replace the estimated iceberg trade cost with three indicator
variables that take on the value of one if the destination is: (i) landlocked; (ii) an island; or
(iii) in the Eurozone. We estimate the coeflicients via OLS, using product-level fixed effects,
and we cluster all standard errors by country. We describe all data sources in the Appendix.

The elasticity of price respect to per-capita income that we obtain from the two regressions
is roughly 0.13 and it is statistically significant at the 1% level. Hence, we confirm that, even
in a broader set of countries, the positive elasticity of price with respect to per capita income
persists. The elasticity with respect to size in both regressions is not statistically different from

zero, which is in line with our theory.

5 Counterfactual Analysis

In the previous section, we provided estimates for the two key parameters in the model, x and
v, and we demonstrated that, under these parameter values, the model is broadly consistent
with micro- and macro-level observations in the data. In this section, we use the parameterized
model in order to quantify the gains from international trade. First, we conduct a counterfactual
exercise that quantifies the cost of moving to autarky from the existing state for all 123 countries
in our sample and compare it with an estimated Melitz model. Second, motivated by recent
negotiations regarding the Transatlantic Trade and Investment Partnership (TTIP: see e.g.
Francois, 2013), and by the worldwide criticism it attracted by a number of activists, we
quantify (in a simplified fashion) the gains from establishing this trade agreement for both

potential member and non-member countries.

5.1 Welfare cost of autarky

In this section, we compute the welfare gains of moving from autarky to the observed trade
share for each country in year 2004. To compute the welfare gains, we use the welfare measure
from large shocks, which depends on the two key estimated parameters (k and 7) as well as

the domestic expenditure shares (1-trade share) before and after the shock and the per-capita
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income before the shock. In this particular exercise, the domestic expenditure share goes from

the observed share in the data to unity (autarky).
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Figure 3: Welfare Cost of Autarky, 123 Countries

Figure 3 plots the welfare cost of moving from the observed trade share in 2004 to autarky
for all 123 countries. For some small open economies such as Ireland, Zambia, Gambia, Georgia,
Estonia, and Belgium (together with Luxembourg and the Netherlands), the welfare gains are
more than 25%.3" Clearly, there is a large variance in the predicted gains with some small open
economies gaining substantially, while large developed economies such as the US and Japan
enjoying gains no larger than 5%. The mean welfare gains are quite high at 11%, but so is the
standard deviation, which amounts to 7%.

To understand the difference in magnitudes that we obtain relative to the literature, we
focus attention on the US. Arkolakis et al. (2012) report that, for a US domestic expenditure
share of 0.93 and a value for the Pareto shape parameter of 5-10, the welfare gains of moving
away from autarky range from 0.7% to 1.4%.% In contrast, our model yields welfare gains for
the US of 4.6%. The difference is due to: (i) the measured US domestic expenditure share; (ii)
the estimate of the Pareto shape parameter; and (iii) the theoretical welfare gains formula. For
year 2004, we obtain a US domestic expenditure share on manufacturing, adjusted for trade
imbalances, of 0.75. Should we have applied the value of 0.93 in our formula, the welfare gains

would amount to 1.26%. This estimate lies toward the upper bound of the estimates reported

37In Appendix F we reproduce all welfare plots with country population size as the sorting factor on the
x-axis. The relationship between country size and the welfare gains is transparent in those plots.

38Moreover, Arkolakis et al. (2015) argue that pro-competitive effects emerging with directly additive prefer-
ences reduce the welfare gains in a marginal way.
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in Arkolakis et al. (2012).

Does the last statement imply that our model generates comparable welfare gains from trade
as the homothetic frameworks in Arkolakis et al. (2012)7 The answer is no. In order to carry
out a direct quantitative comparison between the two frameworks, we would need to subject the
homothetic frameworks through a similar calibration strategy. In results available upon request,
we perform this task for the Melitz/Chaney model under two different assumptions about the
fixed market access costs: (i) all market access costs are identical, but they are expensed in
destination specific wages; (ii) market access costs are proportional to the population size of
the market, with identical proportionality constant (see Simonovska and Waugh, 2014b). Since
the Melitz model yields an identical gravity equation of trade, all of the model’s parameters are
identical to the ones reported in this paper, up to estimates of k. We estimate x as well as the
constant elasticity of substitution parameter, 6, in the Melitz model to match the productivity
and sales advantage moments described above. We do not target the price elasticity moment
because the Melitz model yields constant mark-ups; hence, the model is not capable to match
any of the pricing facts discussed in this paper.

For the two specifications of fixed costs, we obtain the following parameter estimates: (i)
k= 1.81 and = 1.83; (ii) x = 1.16 and § = 1.84. Due to the extreme assumptions about
the fixed costs, the two versions of the model yield widely different predictions regarding the
percentage of US exporters: (i) 4.53% versus (ii) 49.24%. But, both versions yield significantly
lower estimates of the key parameter that governs welfare, k. With these parameter estimates
in mind, the Melitz model generates significantly higher welfare gains from trade than the
similarly-calibrated addilog model. Hence, it is reasonable to conclude that departures from
the CES assumption result in significantly different welfare predictions, both theoretically and

quantitatively.

5.2 Transatlantic Trade and Investment Partnership

In this section, we evaluate the welfare gains from a bilateral reduction in trade costs between
the US and the European countries that are currently involved in the negotiation of the TTIP.
These countries include: Austria, Belgium (together with Luxembourg and the Netherlands in
our dataset), Bulgaria, Cyprus, Czech Republic, Germany, Denmark, Spain, Estonia, Finland,
France, United Kingdom, Greece, Croatia, Hungary, Ireland, Italy, Lithuania, Latvia, Poland,
Portugal, Romania, Slovenia, Slovakia, Sweden.?® We view the exercise as a first pass toward
understanding the welfare gains from such an agreement. Clearly, a detailed multi-sector model

as well as detailed recent data would be needed in order to carefully analyze the gains from the

39Malta is also involved in the TTIP negotiations, however, it is not in our sample due to data limitations.
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agreement for the countries involved.
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Figure 4: Welfare Gains From TTIP, 123 Countries

To quantify the gains from TTIP, we proceed as follows. First, we set the RTA indicator in
the trade-cost function in expression (62) to unity for the country pairs that involve the USA
and each of the European TTIP potential members. Second, we use the gravity coefficient
estimates, as well as the estimate of x, to compute new bilateral trade barriers. Third, we
compute the percent reduction on trade barriers for the US and the European TTIP potential
members. The mean percent reduction in trade barriers among TTIP countries is 15%, while the
trade barriers for non-TTIP countries remain unchanged by construction. Finally, to compute
the welfare gains, we plug the computed change in trade barriers into the system of equations
in expression (52), using actual trade shares and predicted income, which jointly satisfy the
market clearing conditions given by the system of equations in (26).

We report the results for all the countries in the left panel of Figure 4. Clearly, TTIP
members gain from the liberalization, but the gains are asymmetric. The US enjoys welfare
gains of roughly 0.7% and Belgium (alongside Luxembourg and the Netherlands) gains by
roughly 0.8%. Ireland is the biggest winner with gains amount to 2%. To obtain a better sense
of the results, in the right panel of Figure 4, we zoom in on the countries with gains below
0.5%. The mean gains among TTIP members are 0.29% with a standard deviation of 0.40%.
Non-members suffer losses which amount to an average of -0.04%. Among non-members, USA’s
major trade partners Mexico and in particular Canada experience some of the largest losses.’

Overall, however, the gains far exceed the losses in world welfare.

40The losses suffered by TTIP non-member countries in our exercise are of some interest since it is often
claimed by the proponents that the benefits for the EU and US would not be at the expense of the rest of the
world (see e.g. Francois, 2013). However, it is also usually recognized that it will be somehow necessary to
harmonize TTIP with NAFTA on the American side and with EFTA on the European side.
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6 Conclusion

The contribution of this work is to introduce IA preferences to the international trade literature,
to quantify the welfare gains from trade under this class of preferences, and to introduce a
parametric specification that is highly tractable and useful for quantitative work. The particular
specification that we have estimated is convenient for its simple closed form solutions, but the
qualitative predictions apply under general TA preferences. The model avoids the pervasive
markup neutralities emerging in the CES model (Melitz, 2003) and the limits of quasilinear
preferences in general equilibrium applications (Melitz and Ottaviano, 2008). Between variable
markup models, this is the only one able to deliver prices increasing in destination income,
independent from population of the destination country and characterized by incomplete pass-
through, with variable elasticities for firms of different productivity. Moreover, the model has
novel implications for the extensive and intensive margins of trade that appear promising in front
of the limited evidence. The implication of such a model for the gains from trade liberalization,
however, is our main result: these gains can be much lower than the gains implied by traditional
models based on homothetic preferences.

Our setting could be usefully extended to consider strategic interactions (Atkeson and
Burstein, 2008 and Etro, 2015), heterogenous consumers and quality differentiation (Fajgel-
baum et al., 2011), endogenous labor supply, and a 2x2x2 model with an outside good sold
in a perfectly competitive setting and two inputs to study the interplay with inter-industry
trade. These tractable non-homothetic preferences could also be exploited for dynamic analysis

of structural change and business cycles.
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Appendix

A Social Planner Solution with IA Preferences

Consider the Social Planner Problem for the model of Section 2:

o o (s0) 60}
v N[ /Oecx(c)LdG(c)JrFe]:eL,

v’ (s(c))

M) S N T o) sde )

where the first is a resource constraint and the second is the demand associated with our preferences.

Combining the two constraints we simplify them to the condition:

I /0 "V (5(6)) cdGlc) = (e — NF.) /0 " (5(6)) s(€)dCHc).

Given positive values for N and ¢, consider the Lagrangian:

(= /Oc {v(s(c)) — M (s(c)) [(eL — NF,) s(c) — L]} g(c)de.
Pointwise maximization for s(c¢) provides:
V' (s(e)) = M (s(e)) [(eL — NF,) s(¢) — L] — M’ (s(c)) (eL — NF,) = 0,

which can be rearranged as:

A(c)Le

) = PO T L -NE) 71

after using 0(c) = —v"(s(c))s(c)/v'(s(c)), assumed larger than unity. Replacing in the constraint we
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have:

¢ (eL — NE.)M(c)L B
/0 v (s(e))e lL T A[0(c) —1](eL — NE,) + 1 dG(c) =0

which requires that the squared parenthesis is null, or A = 1/ (eL — NF,). This implies a linear

optimal price function:

S(C)_L
el — NF,’

Using this, we can consider the residual problem:

ma {N/OEU (ﬁ) dG(c)} .

Due to the absence of fixed costs of production, it is always optimal to consume any good that provides

BN = ae( ]Zf) |

Therefore, the previous problem simplifies to:

maxN/ (eL — ) dG(e),

positive utility by setting:

whose first order condition is:

" da NE_ [T da
| vtendce + e [ s(e) sty = o
This can be solved for:
. el
Fo(1+17)

where we defined 77 as a weighted average of the elasticity of the subutility n(s) = —v'(s)s/v(s) > 0,

that is: AN ( ( ))
7= ) ——Si dG(c) > 0.
7 /0 n - ( >

It follows that the optimal cost cutoff is:

~ aen R
c = - < ¢ = ae,
1+1n

which implies that an excessive fraction of goods is consumed in equilibrium. Finally, the optimal price
. 1
pi(c)=c(1+ i)
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which is linear in the marginal cost.
Notice that, integration per parts (using the linearity of s(c) and assuming that v(s(0)) is finite)

delivers:

aN™) e aN*)
/0 V' (s(c)) s(0)dG(c) = [v (s(c)) cg(e))g" — /0 v (s(e) [g(c) + cg'(c)] de

If G is a Pareto distribution we then have g(c) + cg’(¢) = kg(c), therefore 7 = k independently from

the specification of IA preferences.

B Derivations for the Addilog Model

Under our assumption of a Pareto distribution of intrinsic marginal costs, the prices p;; of firms from
country ¢ which are actually active at destination j (i.e., conditional on ¢ < ¢;;) are distributed on the

support [aE; /(1 + ), aE;] according to:

ve+ Gy 1+y)p 1\"
J

This distribution is independent from trade costs and the identity of the exporting country, but depends

on the income of the importing country j. However, the distribution of the normalized prices s;; =

_a
147

R - (20 1)

a oy

pij/ E; is identical across countries. Namely, on the support | a) it is given by:

which depends only on the three parameters v, £ and a. The average price in country 7 can then be

easily calculated as follows:

CLEj CLEJ'
aF;
E{p;} = /E pdF;(p) = [pF;(p)las, — /E Fj(p)dp
== S e
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kal; akl;
= + , 63
k+1 (v+1)(k+1) (63)

which is increasing in income and decreasing in 7.

To verify the result concerning the distribution of the corresponding markups, notice that they are

distributed on [0, co] with:

The average markup can be calculated as follows:

= [ mdF(m) = By~ [ Fum)d

1
(v+1)(k=1)

This value averages low markups by marginal firms (selling virtually nothing) and high markups

by better producers, especially by the extremely productive exporters. Given the skewed distribu-

tion, the median mark-up is also of interest: this can be computed directly from (64) as mMed =

(2% —1) /(1 + ).

Furthermore, it is straightforward to derive the distributions of the pass-through and pricing-to-
market elasticities across all producing firms and compute moments from them. Using the Pareto
distribution of costs, the distributions of pass-through and pricing-to-market elasticities, which are the

same across countries and independent from trade cost, satisfy:
Pric <el =1 < ‘ )N (65)
rie <et=1———1 ,
(1 —¢)

Pr{eE§6}21—<1_€)R, (66)

ve

respectively. Given these closed-form distributions, the mean and median values can be easily com-

puted, while the means plus standard deviations can be derived numerically. The average elasticity of
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price with respect to income, F {EE }, is:

Cii Cij daG Cij k—1
E{e"(c)} = S / (CA) = I:/ C  de
G(;) Jo ve+ay; Sty e+

1
:,-;/ (L yt) . with b= —
0 Cij

:F2,1(17H;1+H; _7)7 (67)

where [ 1 is the hypergeometric function

I'(6) /1 A1 (1 — ¢)oF-1
Fyi(a,8;0;2) = dt,
OB T ERG 5 Jy Gt
with vector (c, 8) = (1, k), scalar § = k + 1 and argument z = —v,4! and

is the Euler Gamma function (if the real part of ¢ is positive). The median elasticity of price with
respect to income is eﬁed =1/ (1 + 72_1/ “). One can also evluate a weighted average elasticity with

relative sales as weights, which corresponds to:

_E __ 1+7+l‘€
(I1+v)(1+ k)

and is higher because more productive firms have larger market shares.
Finally, to derive the distribution of market shares in the text and to demonstrate that profits are
a constant share of sales which does depend neither on the source country nor on the destination, we

compute the expected value of the exports to country j of a firm based in country ¢ as follows:
/C\ij
E%ﬁ=/tmww@:
0

v (@5 — ) = (ve+3y) (@ — )] Gi(e)de

_fy’y (TZsz ’H_l L
| Jo

(1 +7) +1Eﬁ/ |11

,y“/—l—la'y—i-lE L Cij N o
T ()T | \w+1 (G =) e,
J

41In Matlab, however, the Hypergeometric function, hypergeom(a,b, z), corresponds to the generalized Hy-
pergeometric function where a is a vector of “upper parameters”; b is vector of “lower parameters” and z is the
argument. Fb (o, 3;d;2) is the special case where a = (o, 8) is a 1 by 2 matrix and b = ¢ is a scalar.
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where we integrated by parts. Changing the variable of integration with ¢t = ¢/¢;; we obtain:

’y+1a'y+1E,L /C% 1

L) ]

_ a“ﬂ“WHB(m + 2’” LjE;?Jrl
(1 +~y)res 5] (ijwi)"

This allows to derive the average sales and the expression for the market share (43). Similarly, the

(68)

expected profit E {7;;} in country j for a firm based in country 7 is given by:

Cij "% B Ngrtr+l  L.ErHl
Bin) = [ my(eia(o = T2 i (69)

(14 )t+er (Tijwi)™ ||

The ratio of the two aggregate objects is then obtained by the recursive properties of the Euler Beta

function:

E{?Tij} . HB(KL,”}/"‘Q) . 1
E{t;}  ~Y1+79)B(k+2,79) x+1

C Equivalent Variation of Income

Consider the general case of IA preferences. In this case it is convenient to work with the “uncondi-
tional" distribution, G;;(v), of the marginal cost v = 7;;w;c in country j by firms from country 7,

which has a support [0, 7;;w;¢| and it is given by:

v v v )
- = < = = ’
Gij(v) = Pr {C = Tijwi} G(Tijwi) (ﬂ'jwi@)

Let p; (v) be the equilibrium mapping between marginal costs and prices which only depends on Ej.42

We can then write welfare (28) as:

I aW;
Z ! p
! i=1 bE; W; J( )

_ éN /;j v (7%2’)) ene

42This is given by (17) for all the varieties actually sold in country j when income is E;, but it is not
uniquely defined above the cutoff aE;. One can make the mild assumption that p;(v) is everywhere
monotonic and differentiable: however, in computing the EV; referred to in Section 3.2 we assume that
all prices follow the pricing rule (31).
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i=1
where W; = E; + E'V; (see the discussion concerning the definition of the Equivalent Variation E'Vj in
Section 3.2) and T; is defined by the condition p;(T;) = aW;. Accordingly, taking logs, differentiating

and integrating by parts we obtain :

Wy, B)] ™ din v, (70)

where we define

ey — 9np;(v) E
() = P00 gy,
and o
ot x (22) pi(v)or?
EJE (Wj,Ej)E/ ef(v) <WJ> ’ dv. (71)
0

fouj T (p{/‘(/j)) pj(U)'UH_ld'U
The local approximation in the text, valid for small £V}, can be obtained by letting W; = FE;

and computing €§3 as a weighted average (with relative sales as weights) of the elasticity of prices with

respect to income, eiEj () = 0lnp;j(c)/0In E;, which explains our notation.
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With our functional form we obtain U; = a [(y+ 1) W, — Ej] /v and

& (W), ;) = /

that is,

aFE; {al(y + 1) W; — Ej] — v} (yv + aEj) v !
Yo+ aky [ La[(y + 1) W, — B — 0} (yo + aEj) veldu

c
—~

~J

[\
~—

Uj v v k—1
ak; [y’ {1 - a[<—w+1¥WJ—Eﬁ} vt dy
- T v Y . e
IS {1 — 7{1[(%&%_%} (yv* + aEjut1) dvo

B aB; [ {1 —t} vt
J3 {1 =} (yots + aBjtt) dt

ab;B(k,v+1)
70, B(k +1,v+ 1)+ aE;B(k,y+ 1)
(k+v+1)E,
KW+ Ejl (v + 1)

(v+1)W; - Ej

dInV; = ]danj,

which is reported in the text.

D Derivation of Value-added Advantage Moment

In this part we demonstrate that the moment that represents the value-added advantage of exporters

is a function of data and parameters estimated in Steps 1 and 2 of the algorithm developed in the

main text. Focus first on the value added of non-exporters and substitute out the mark-up equation

to obtain:

va; (c):1+7 7+? :

E; Cis
log(va;®(c)) = log (m) + log (7 + %) :

Integrating over all non-exporters yields

Taking logs yields:

B e i\ o
VA = log ( ) + = — / log (7 + C—) ke de.
1+~ ch—ck )z c

ij J Cij
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Apply the following change of variables: #;; = Ci Then V A* becomes:
ij

1
VAT =log (iiv) o v /y log (1) i
where y;; is defined in the main text.
Next, focus on the value added for an exporter. For any exporter from country ¢ with cost draw
¢ define the following indicator function: d;;(c) = 1 if ¢ < ¢&; and zero otherwise. Let A;;(c) be a
vector of size I with typical element J;;(c). Substituting in the equations for firm sales and output,

the value added for an exporter can then be rewritten as

Rwtl ] Ly (rapwi) "7 (yetéin) (G —c)
€i 2 =1 Oin(c) () (wien) sl
02221 5zk(0) Tik L (Tinwi) Y (G —c)?

(wier) |1kl

va?(c) =

Furthermore, substituting in for ||, and using the definition of gy obtains:

+ Cik—C) Y A\ L
E S G (0) g
’UCI,I(C) — 7+ ( k) k
! 147~ 5 7 (@i —¢)Y Moo L
Zk:l zk(c) (B )7 5,

Taking logs and integrating over all exporters yields

2 (@ —e) Ak L @

N I
E; 1 [% > ke Ok (€) e s
VA;T = log ( ) —+ ?/ log | v+ k=1 (ER)+ Sk ke de.
0

1 A I TilJW(éi —c)Y A L
+ v Cij Zk:l 5ik(0) k (E:)wﬁs:k &

Applying the change of variables, t;; = Ci, V A? becomes:
ij

. EZ . Yij Ek 1 zk‘(cu 22) (Ex I;: fsk (1 - tu Ekk tiE; o1
V A? = log Ton + kY5 log |~ + — . e dty.
v 0 S Ok (Ciitis) U5 35 (1 — tii g;k>

Taking the difference between exporters and non-exporters yields the desired moment Ho:

v
Z ( ) Akl (1 4. BiTik 1
k=1 zk i (Ep)r— (Bp)F18, W R, tiEs

Yy
Tik ek L E;;
Zk 1 zk( 22) ZE ;k L (1 — tzz E;k)

5L dty,

Yij
Hy(P,A) = /iyi;“/ log | v+
0

1
__" R/ log (v +t5;') 5 dt, (73)

where the dependence on P and A is made explicit. In the above expression, (ik is a transformation
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of 9;;, that only depends on P and A. Thus, it remains to show that ¢;; and A,k depend on P and A.

This argument can be found in the description of the simulation algorithm.

E Data Appendix

E.1 Gravity Equation

The description below follows closely the work of Simonovska and Waugh (2014a).

To construct trade shares, we used bilateral trade flows and production data as follows:

Imports,;

)\Z - . 9
7 Gross Mfg. Production; — Exports; + Imports;

1
)\jj — ]. —Z)\kj

Py

To construct \;;, the numerator is the aggregate value of manufactured goods that country j imports
from country 7. Bilateral trade-flow data are for year 2004 from the update to Feenstra et al. (2005),
who use UN Comtrade data. We obtain all bilateral trade flows for our sample of 123 countries at
the four-digit SITC level. We then used concordance tables between four-digit SITC and three-digit
ISIC codes provided by the UN and further modified by Muendler (2009).%3 We restrict our analysis
to manufacturing bilateral trade flows only—namely, those that correspond with manufacturing as
defined in ISIC Rev.#2.

The denominator is gross manufacturing production minus manufactured exports (for only the
sample) plus manufactured imports (for only the sample). Gross manufacturing production data are
the most serious data constraint we faced. We obtain manufacturing production data for 2004 from
UNIDO for a large sub-sample of countries. We then imputed gross manufacturing production for
countries for which data are unavailable as follows. We first obtain 2004 data on manufacturing
(MVA) and agriculture (AVA) value added, as well as population size (L) and GDP for all countries in
the sample. We then impute the gross output (GO) to manufacturing value added ratio for the missing

countries using coefficients resulting from the following regression:

MV A
log (W) = BO _'_ﬁGDPCGDP + /BLCL _'_ﬁMVACMVA + ,BAVACAVA + €,

where 3, is a 1 X 3 vector of coefficients corresponding to C,, an N X 3 matrix which contains

43The trade data often report bilateral trade flows from two sources. For example, the exports of country A
to country B can appear in the UN Comtrade data as exports reported by country A or as imports reported
by country B. In this case, we take the report of bilateral trade flows between countries A and B that yields a
higher total volume of trade across the sum of all SITC four-digit categories.
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[log(z), (log(x))?, (log(z))?] for the sub-sample of N countries for which gross output data are avail-
able.

Data on geographic barriers (distance, shared border, official common language, colonial relation-
ship, common currency and RTA) are from Head et al. (2010). Data on population size for year 2004
is from the World Development Indicators. Data on per-capita income is from Feenstra et al. (2013)
(Penn World Tables 8.0).

E.2 Prices

We use price data from the Economist Intelligence Unit (EIU) data. The EIU surveys the prices of
individual goods across various cities in two types of retail stores: mid-priced, or branded stores, and
supermarkets, or chain stores. The dataset contains the nominal prices of goods and services, reported
in local currency, as well as nominal exchange rates relative to the US dollar, which are recorded at
the time of the survey. The database spans a subset of 71 countries from our original data set, but
provides prices for 110 individual tradable goods. While in the majority of the countries, price surveys
are conducted in a single major city, in 17 of the 71 countries multiple cities are surveyed.** For these
countries, we use the price data from the city which provided the maximum coverage of goods. In
most instances, the location that satisfied this requirement was the largest city in the country. We use
prices collected in mid-priced stores in the year 2004 and we combine them with the observations on
trade and output from the benchmark analysis.*?

Furthermore, we construct indicators for countries that are landlocked or islands using Google
Maps. Finally, to compute the average tariff for each importer, we obtain applied tariffs (minimum of
MFN and effective tariff) for year 2004 at the SITC-4-digit level for each country-pair in the dataset
from Feenstra and Romalis (2014). For each importer, we compute the average tariff as the mean tariff

across products and sources, weighted by source- and product-specific imports.

44T hese countries are Australia, Canada, China, France, Germany, India, Italy, Japan, New Zealand, Russian
Federation, Saudi Arabia, South Africa, Spain, Switzerland, United Kingdom, USA, and Vietnam.
45The results are robust to using supermarket price data for the same year.
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F Figures and Tables

F.1 Welfare Gains for Small

Welfare gains from TTIP (%)

versus Large Countries
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Figure 5: Welfare Cost of Autarky, 123 Countries
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Figure 6: Welfare Gains From TTIP, 123 Countries
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F.2 Tables

Table 5: Gravity equation: Estimates

Barrier Parameter Estimates S.E
Log distance -1.30 0.03
Border shared 0.75 0.11
Official Common Language 1.06 0.06
Colonial Relationship 1.35 0.08
Common Currency -0.08 0.15
RTA 0.48 0.06
Internal trade 1.46 0.22
# Observations 15,129

TSS 160,320

SSR 27,694

o2 2.67

v
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Table 7: Gravity equation: Estimates

Country S’l S.E exr; S.E. | Country S’l S.E exr; S.E. | Country S; S.E er; S.E.
Angola -1.03 0.2 -2.62 0.33 | Fiji -0.47 0.19 -2.32 0.3 | Nepal 0.42 0.22 -2.83 0.31
Argentina 1.01 0.17 2.63 0.23 | Finland 0.96 0.16 241 0.22 | New Zealand -0.38 0.16 3.45 0.23
Armenia 0.67 0.19 -3.58 0.28 | France 0.33 0.15 5.19 0.21 | Nigeria -0.66 0.19 -1.44 0.28
Australia 0.15 0.16 3.78 0.22 | Gabon -0.94 0.18 -1.81 0.26 | Norway 0.14 0.16 224 0.22
Austria 0.23 0.15 3.01 0.22 | Gambia, The -2.07 0.21 -3.01 0.32 | Oman -0.3  0.18 -0.49 0.25
Azerbaijan -0.17  0.19 -2.52 0.27 | Georgia -3.1  0.18 1.37 0.26 | Pakistan 0.77 0.15 1.61 0.22
Bangladesh 0.79 0.17 0.42 0.23 | Germany 0.21 0.15 5.95 0.21 | Paraguay 0.01 0.19 -0.68 0.27
Belarus 1.12 0.17 -0.66 0.24 | Ghana -1.07 0.2 -0.10 0.28 | Peru 0.38 0.17 132 0.24
Belgium -2.08 0.15 7.55 0.21 | Greece 0.45 0.16 1.23 0.22 | Philippines -0.33 0.17 2.60 0.23
Benin -0.56 0.21 -3.93 0.34 | Guinea -1.53  0.21 -2.62 0.31 | Poland 0.61 0.15 220 0.22
Bhutan 0.19 0.28 -5.04 0.41 | Guinea-Bissau -0.47 0.27 -5.60 0.45 | Portugal -0.34 0.16 299 0.22
Bolivia 0.26 0.18 -1.60 0.27 | Hungary 0.66 0.16 1.39 0.22 | Romania 0.33 0.16 126 0.22
Bosnia and Herzegovina 0.72 0.22 -2.84 0.31 | Iceland -0.27 0.17 -0.53 0.25 | Russian Federation 1 0.16 2.74 0.22
Botswana 1.27 0.24 -4.36 0.35 | India 1.19 0.15 3.02 0.24 | Rwanda 042 0.23 -5.68 0.35
Brazil 1.13  0.15 3.99 0.22 | Indonesia 1.16 0.16 3.44 0.22 | Sierra Leone -0.8 0.27 -4.04 0.39
Brunei Darussalam 1.76 0.24 -5.36 0.35 | Iran, Islamic Rep. 0.68 0.2 -0.18 0.27 | Saudi Arabia 0.52 0.19 1.05 0.26
Bulgaria 0.03 0.16 0.92 0.23 | Ireland -3.14 0.15 6.26 0.22 | Senegal -0.57 0.16 -1.20 0.24
Burkina Faso 0.46 0.19 -4.36 0.29 | Israel 0.89 0.17 1.10 0.23 | Slovak Republic -0.5 0.16 1.70 0.22
Burundi -1.5  0.19 -3.19 0.32 | Italy 0.26 0.15 5.18 0.22 | Slovenia 0.77 0.17 030 0.23
Cameroon 1.79 0.2 -3.91 0.29 | Japan 1.22  0.15 5.47 0.22 | South Africa 0.51 0.15 3.42 0.22
Canada -0.01 0.15 4.06 0.22 | Jordan -0.17 0.17 -0.84 0.24 | Spain 0.18 0.15 4.30 0.21
Cape Verde -0.44 0.2 -4.83 0.36 | Kazakhstan 0.19 0.17 0.13 0.25 | Sri Lanka -0.1 0.17 057 0.24
Central African Republic 0.6 0.24 -4.89 0.35 | Kenya -0.2  0.16 -0.75 0.22 | Sudan -0.09 0.2 -3.59 0.3
Chad 0.66 0.23 -6.61 0.39 | Korea, Rep. 0.77 0.15 491 0.21 | Swaziland 248 0.23 -4.00 0.31
Chile 0.29 0.18 198 0.25 | Kyrgyz Republic 0.056 0.19 -2.96 0.28 | Sweden 0.63 0.15 3.58 0.22
China 0.89 0.15 6.23 0.22 | Lao PDR 1.23 0.26 -3.56 0.34 | Switzerland 0.09 0.18 3.70 0.26
Colombia 0.23 0.16 0.77 0.23 | Latvia -0.42 0.18 -0.12 0.25 | Syrian Arab Republic -0.35 0.18 -0.90 0.25
Comoros -0.8 0.26 -4.74 0.4 | Lebanon 0.58 0.19 -2.24 0.26 | Tajikistan 1.09 0.24 -3.14 0.33
Congo, Dem. Rep. -0.66 0.23 -2.31 0.33 | Lesotho 1.64 0.29 -6.35 0.42 | Tanzania -0.69 0.21 -2.07 0.3
Congo, Rep. -0.82 0.2 -1.36 0.29 | Lithuania 0.7 0.2 -0.95 0.28 | Thailand 0.55 0.19 4.19 0.26
Cote d’'Ivoire 096 0.2 -1.60 0.28 | Macedonia, FYR  0.15 0.18 -2.22 0.26 | Togo -1.22  0.17 -1.77 0.26
Croatia 0.76 0.16 -0.68 0.23 | Malawi -0.17 0.18 -3.50 0.27 | Tunisia 0.52 0.16 -0.65 0.23
Cyprus -0.83 0.17 0.34 0.23 | Malaysia -1.04 0.15 6.19 0.22 | Turkey 0.63 0.16 2.95 0.22
Czech Republic 0.24 0.15 238 0.22 | Mali -0.95 0.22 -273 0.3 | Uganda -04 017 -281 0.25
Denmark -0.4  0.16 3.95 0.22 | Mauritania -1.97 0.22 -1.78 0.31 | Ukraine 1.11 0.19 147 0.27
Djibouti -1.85 0.23 -2.72 0.37 | Mauritius -1.07 0.17 0.32 0.23 | United Kingdom -0.21 0.15 544 0.21
Ecuador -0.31 0.17 0.23 0.25 | Mexico 0.21 0.15 2.58 0.23 | United States 0.13 0.15 6.73 0.21
Egypt, Arab Rep. 0.28 0.16 0.94 0.22 | Moldova -0.65 0.18 -1.79 0.28 | Uruguay -0.56 0.19 1.52 0.25
Equatorial Guinea 0.6 0.23 -4.50 0.38 | Morocco -0.06 0.16 0.67 0.22 | Venezuela, RB 0.61 0.18 -0.39 0.25
Estonia -1.72  0.16 1.58 0.23 | Mozambique -0.36  0.21 -1.69 0.31 | Vietnam -0.62 0.2 3.02 0.27
Ethiopia -0.58 0.2 -2.34 0.29 | Namibia 1.15 0.22 -3.83 0.31 | Zambia -3.61 0.17 1.79 0.26
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Table 8: 2004 EIU Data, List of 110 Tradable Goods

Product Name

Product Name

Product Name

White bread, 1 kg
Butter, 500 g

Margarine, 500g

White rice, 1 kg
Spaghetti (1 kg)

Flour, white (1 kg)
Sugar, white (1 kg)
Cheese, imported (500 g)
Cornflakes (375 g)
Yoghurt, natural (150 g)
Milk, pasteurized (1 1)
Olive oil (11)

Peanut or corn oil (1 1)
Potatoes (2 kg)

Onions (1 kg)
Mushrooms (1 kg)
Tomatoes (1 kg)

Carrots (1 kg)

Oranges (1 kg)

Apples (1 kg)

Lemons (1 kg)

Bananas (1 kg)

Lettuce (one)

Eggs (12)

Peas, canned (250 g)
Tomatoes, canned (250 g)
Peaches, canned (500 g)
Sliced pineapples, canned (500 g)
Beef: filet mignon (1 kg)
Beef: steak, entrecote (1 kg)
Beef: stewing, shoulder (1 kg)
Beef: roast (1 kg)

Beef: ground or minced (1 kg)
Veal: chops (1 kg)

Veal: fillet (1 kg)

Veal: roast (1 kg)

Lamb: leg (1 kg)

Lamb: chops (1 kg)
Lamb: Stewing (1 kg)
Pork: chops (1 kg)

Pork: loin (1 kg)

Ham: whole (1 kg)

Chicken: frozen (1 kg)

Chicken: fresh (1 kg)

Frozen fish fingers (1 kg)

Fresh fish (1 kg)

Instant coffee (125 g)

Ground coffee (500 g)

Tea bags (25 bags)

Cocoa (250 g)

Drinking chocolate (500 g)
Coca-Cola (1 1)

Tonic water (200 ml)

Mineral water (1 1)

Orange juice (1 1)

Wine, common table (1 1)
Wine, superior quality (700 ml)
Wine, fine quality (700 ml)
Beer, top quality (330 ml)
Scotch whisky, six years old (700 ml)
Gin, Gilbey’s or equivalent (700 ml)
Vermouth, Martini & Rossi (1 1)
Cognac, French VSOP (700 ml)
Liqueur, Cointreau (700 ml)
Soap (100 g)

Laundry detergent (3 1)

Toilet tissue (two rolls)
Dishwashing liquid (750 ml)
Insect-killer spray (330 g)

Light bulbs (two, 60 watts)
Batteries (two, size D/LR20)

Frying pan (Teflon or good equivalent)

Electric toaster (for two slices)
Aspirins (100 tablets)

Razor blades (five pieces)
Toothpaste with fluoride (120 g)
Facial tissues (box of 100)

Hand lotion (125 ml)

Shampoo & conditioner in one (400 ml)

Lipstick (deluxe type)
Cigarettes, Marlboro (pack of 20)

Business suit, two piece, medium weight

Business shirt, white

Men’s shoes, business wear

Bacon (1 kg)

Men’s raincoat, Burberry type

Socks, wool mixture

Dress, ready to wear, daytime
Women’s shoes, town

Women’s cardigan sweater

Women’s raincoat, Burberry type
Tights, panty hose

Child’s jeans

Child’s shoes, dresswear

Child’ s shoes, sportswear

Girl’s dress

Boy’s jacket, smart

Compact disc album

Television, colour (66 cm)

Kodak colour film (36 exposures)
International foreign daily newspaper
International weekly news magazine (Time)
Paperback novel (at bookstore)
Personal computer (64 MB)

Low priced car (900-1299 cc)
Compact car (1300-1799 cc)

Family car (1800-2499 cc)

Deluxe car (2500 cc upwards)
Regular unleaded petrol (1 1)

Cost of six tennis balls eg Dunlop, Wilson
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