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1 Introduction

Understanding the distributional impact of international trade is one of the central tasks pursued
by international economists. A vast body of research has examined this question through the effect
of trade on the distribution of earnings across workers (e.g., Stolper and Samuelson (1941)). A
second channel operates through the cost of living. It is well known that the consumption baskets
of high- and low-income consumers look very different (e.g., Deaton and Muellbauer (1980b)).
International trade therefore has a distributional impact whenever it affects the relative price of
goods that are consumed at different intensities by rich and poor consumers. For example, a
trade-induced increase in the price of food has a stronger negative effect on low-income consumers,
who typically have larger food expenditure shares than richer consumers. How important are the
distributional effects of international trade through this expenditure channel? How do they vary
across countries? Do they typically favor high- or low- income consumers?

In this paper we develop a methodology to answer these questions. The approach is based on
aggregate statistics and model parameters that can be estimated from readily available bilateral
trade and production data. It can therefore be implemented across many countries and over time. In
designing this methodology, we are influenced by a recent literature in international trade, including
Arkolakis et al. (2012), Melitz and Redding (2014) and Feenstra and Weinstein (2010), which studies
the aggregate welfare gains from trade.! These approaches estimate model parameters from a
gravity equation (typically, the trade-cost elasticity of imports) and then combine these parameters
with aggregate statistics to calculate the impact of trade on aggregate real income. We estimate
model parameters from a non-homothetic gravity equation (both the trade-cost elasticity and the
income elasticity of imports) to calculate the impact of trade on the real income of consumers with
different patterns of expenditures within the economy.

The premise of our analysis is that consumers at different income levels within an economy
dedicate different expenditure shares across goods from different origins in each sector. Studying
the distributional implications of trade in this context requires a non-homothetic demand structure
with good-specific Engel curves. That is, the elasticity of the expenditure share with respect to
individuals’ total expenditures is allowed to vary across goods. The Almost-Ideal Demand System
(AIDS), introduced by Deaton and Muellbauer (1980a), is a natural choice. It is a first-order
approximation to any demand system and is widely used in applied work because it generally
provides a good fit of individual expenditure data. Importantly for our purposes, it is flexible enough
to satisfy the key requirement of good-specific income elasticities and has convenient aggregation

properties.?

! Costinot and Rodriguez-Clare (2013) summarize this literature.

20nly a few studies to our knowledge have used the AIDS in the international trade literature. Feenstra and
Reinsdorf (2000) show how prices and aggregate expenditures relate to the Divisia index in the AIDS, and suggest
that this demand system could be useful for welfare evaluation in a trade context, while Chaudhuri et al. (2006) use
the AIDS to determine the welfare consequences in India of enforcing the Agreement on Trade-Related Intellectual
Property Rights. Neary (2004) and Feenstra et al. (2009) use the AIDS for making aggregate real income comparisons
across countries and over time using data from the International Comparison Project.



We start by showing a demand-side result: in the AIDS, the first-order approximation to the
welfare change through the expenditure channel experienced by consumers at each expenditure level
as a result of changes in prices, can be recovered from demand parameters and aggregate statistics.
These aggregate statistics include the initial levels and changes in aggregate expenditure shares
across commodities, and moments from the distribution of expenditure levels across consumers.
The intuition for this result is that, conditioning on moments of the expenditure distribution,
changes in aggregate expenditure shares across goods can be mapped to changes in the relative
prices of high- versus low-income elastic goods by inverting the aggregate demand. These relative
price changes and demand parameters, in turn, suffice to measure the variation in real income of
consumers at each expenditure level through changes in the cost of living.

To study the distributional effects of trade through the expenditure channel, we embed this de-
mand structure in a benchmark model of international trade, the Armington model, which is also
convenient as an empirical framework. The model allows for multiple sectors, cross-country differ-
ences in sectoral productivity, and bilateral trade costs. Within each sector, goods are differentiated
by country of origin. We extend this supply-side structure with two features. First, the endowment
of the single factor of production varies across consumers, which generates within-country inequal-
ity.> Second, consumer preferences are given by the Almost-Ideal Demand System, allowing goods
from each sector and country of origin to enter with different income elasticity into the demand of
individual consumers. As a result, aggregate trade patterns are driven both by standard Ricardian
forces (differences in productivities and trade costs across countries and sectors) and by demand
forces (cross-country differences in income distribution and differences in the income elasticity of
exports by sector and country).

We first pursue the theoretical and empirical analysis in a single-sector version of the model,
in which each country produces a differentiated good that may vary by income elasticity of de-
mand. This benchmark is useful to illustrate how the income elasticity of each country’s exports
and imports shape the gains from trade of poor relative to rich consumers within each country.
In countries where exports are high-income elastic relative to imports, the gains from trade are
relatively biased to richer consumers, because opening to trade decreases the relative price of high-
income elastic goods. Then, we proceed to the multi-sector analysis. Non-homotheticity across
sectors is an additional force that shapes unequal gains from trade across consumers because sec-
tors vary in their tradeability (e.g., food versus services) and their within-sector substitutability
across goods exported by countries. In either context, the application of our demand-side result im-
plies that demand-side parameters and aggregate import shares can be used to measure the welfare
change experienced by consumers at any income level through the expenditure channel in response
to foreign shocks such as changes in trade costs. For example, a tilt in the aggregate import basket
towards goods consumed mostly by the rich may reveal a fall in the import prices of these goods,

and a relative welfare improvement for high-income consumers.

3Since there is a single factor of production, we abstract from distributional effects of trade through changes in
the earnings distribution.



To quantify these results, we need estimates of the elasticity of individual expenditure shares
by sector and country of origin with respect to both prices and income. A salient feature of the
model is that it delivers a sectoral non-homothetic gravity equation to estimate these key param-
eters from readily-available data on production and trade flows across countries.* The estimation
identifies which countries produce high or low income-elastic goods by projecting importer budget
shares within each sector on standard gravity forces (e.g., distance) and a summary statistic of
the importer’s income distribution whose elasticity can vary across exporters. Consistent with the
existing empirical literature, such as Hallak and Schott (2011) or Feenstra and Romalis (2014), we
find that richer countries export goods with higher income elasticities. The estimation also iden-
tifies the sectors whose goods are relatively more valued by rich consumers by projecting sectoral
expenditure shares on a summary statistic of the importer’s income distribution. Consistent with
Hallak (2010), our results also suggest non-homotheticities not only across origin countries but also
across sectors.

Using the estimated parameters, we apply the results from the theory to ask: who are the
winners and losers of trade within countries, how large are the distributional effects, and what
country characteristics are important to shape these effects? To answer these questions we perform
the counterfactual exercise of increasing trade costs so that each country is brought from its current
trade shares to autarky, and compute the gains from trade corresponding to each percentile of the
income distribution in each country (i.e., the real income that would be lost by each percentile
because of a shut down of trade).

We find large cross-country heterogeneity in the difference between the gains from trade of poor
and rich consumers. In countries with lower income elasticity of exports, or that are located closer
to exporters of high income-elastic goods, the gains from trade are relatively less favorable to poor
consumers. In these countries, opening to trade causes a relatively larger increase in the relative
price of low-income elastic exported goods. For example, the gains from trade are relatively less
biased to the poor in India, an exporter of very low income elastic goods, or in Mexico, which has
large import shares from the the US (an exporter of high-income elastic goods). In many countries
the gains from trade are U-shaped with consumer income, reflecting that imported goods are more
likely to suit the tastes of very rich and poor consumers. For example, rich consumers devote larger
shares to goods originated from exporters of high-income elastic goods such the U.S. or Japan,
while the poor spend more in imports from India or Indonesia.

We also find important effects from sectoral heterogeneity. As in the single-sector setting, the
pro-poor bias increases with a country’s income elasticity of exports. But, in contrast with the

single-sector estimation, the multi-sector model implies a strong pro-poor bias of trade in every

“In principle, one could use micro data to recover the parameters of the model, and then apply aggregate infor-
mation to simulate counterfactuals. The reason we do not pursue this approach is that, although micro data measure
expenditures across products by individuals with different incomes, these data rarely ask households about the origins
of goods. For example, to our knowledge, it is not possible to compute import shares at the household level using
standard consumer survey data. As such, it is not feasible to estimate income elasticities of sector and origin countries
using typical micro data. This data challenge is a motivating feature of our methodology that permits aggregation
across consumers within a country and estimation of the demand parameters using aggregate expenditures shares.



country. On average over the countries in our sample, the real income loss from closing off trade
are 57 percent for the 10th percentile of the income distribution and 25 percent for the 90th
percentile.® This bias in the gains from trade toward poor consumers hinges on the fact that these
consumers spend relatively more on sectors that are more traded, while high-income individuals
consume relatively more services, which are the least traded sector. Additionally, low-income
consumers happen to concentrate spending on sectors with a lower elasticity of substitution across
source countries. As a result, the multi-sector setting implies larger expenditures in more tradeable
sectors and a lower rate of substitution between imports and domestic goods for poor consumers;
these two features lead to larger gains from trade for the poor than the rich.

As we mentioned, our approach to measure welfare gains from trade using aggregate statistics
is close to a recent literature that studies the aggregate welfare gains from trade summarized by
Costinot and Rodriguez-Clare (2013). This literature confronts the challenge that price changes
induced by trade costs are not commonly available by inferring them through the model structure
from changes in trade shares.® However, these approaches are designed to measure only aggregate
gains rather than distributional consequences. In our setting, we exploit properties of a non-
homothetic demand system that also allows us to infer changes in prices from trade shares, and
in addition the non-homothetic structure enables us to trace out the welfare consequences of these
price changes across different consumers within countries. We are motivated by the belief that an
approach that is able to quantify the (potentially) unequal gains from trade through the expenditure
channel for many countries is useful in assessing the implications of trade, particularly because much
of the public opposition towards increased openness stems from the notion that welfare changes are
unevenly distributed.

Of course, we are not the first to allow for differences in income elasticities across goods in
an international trade framework. Theoretical contributions to this literature including Markusen
(1986), Flam and Helpman (1987) and Matsuyama (2000) develop models where richer countries
specialize in high-income elastic goods through supply-side forces, while Fajgelbaum et al. (2011)
study cross-country patterns of specialization that result from home market effects in vertically
differentiated products. Recent papers by Hallak (2006), Fieler (2011), Caron et al. (2012) and
Feenstra and Romalis (2014) find that richer countries export goods with higher income elasticity.”
This role of non-homothetic demand and cross-country differences in the income elasticity of exports
in explaining trade data is an important motivation for our focus on explaining the unequal gains

from trade through the expenditure channel.®

50Ossa (2012) and Costinot and Rodriguez-Clare (2013) show that sectoral heterogeneity leads to larger measure-
ment of the aggregate gains from trade in environments with constant demand elasticity. Here we emphasize the
asymmetric effects of sectoral heterogeneity on rich and poor consumers due to differences in expenditure patterns.

5For example, autarky prices are rarely observed in data but under standard assumptions on preferences the
autarky expenditure shares are generally known. The difference between autarky and observed trade shares can then
be used to back out the price changes caused by a counterfactual movement to autarky.

"See also Schott (2004), Hallak and Schott (2011) and Khandelwal (2010) who provide evidence that richer
countries export higher-quality goods, which typically have high income elasticity of demand. In this paper we
abstract from quality differentiation within sectors, but note that our methodology could be implemented using
disaggregated trade data where differences in the income elasticity of demand may be driven by differences in quality.

8These theoretical and empirical studies use a variety of demand structures. A challenge in our case is to accommo-



Porto (2006) and Faber (2013) analyze the effects of trade on consumer welfare through het-
erogeneity of tastes. Porto (2006) studies the effect of price changes implied by a tariff reform on
the distribution of welfare using consumer survey data from Argentina. In a related paper, Faber
(2013) exploits Mexico’s entry into NAFTA to study the effect of input tariff reductions on the
price changes of final goods of different quality. While these papers utilize detailed micro data for
specific countries in the context of major reforms, our approach provides a framework to quantify
the unequal gains from trade across consumers over a large set of countries using aggregate trade
and production data. Within our framework we are able to show theoretically how changes in trade
costs map to the welfare changes of individuals in each point of the expenditure distribution, how
to compute these effects using model parameters and aggregate statistics, and how to estimate the
parameters from cross-country trade and production data.

There is of course a large literature that examines trade and inequality through the earnings
channel. A dominant theme in this literature, as summarized by Goldberg and Pavcnik (2007),
has been the poor performance of Stolper-Samuelson effects, which predict that trade increases
the relative wages of low-skill workers in countries where these workers are relatively abundant, in

rationalizing patterns from low-income countries.”

We complement these and other studies that
focus on the earnings channel by examining the implications of trade through the expenditure
channel. While in the multi-sector estimation we find that the magnitude of the gains from trade is
typically larger for relatively poor than rich consumers, we also find, in contrast to textbook Stolper-
Samuelson effects, that the gains from trade are relatively less favorable to the poor in lower-income
countries, because these countries tend to specialize in goods that low-income consumers are more
likely to purchase.

The remaining of the paper is divided into five sections. Section 2 uses standard consumer
theory to derive generic expressions for the distribution of welfare changes across consumers, and
applies these expression to the AIDS. Section 3 embeds these results in a standard trade framework.
Section 4 estimates the parameters and quantifies the unequal gains from trade. Section 5 extends

the theory and empirics to multiple sectors. Section 6 concludes.

2 Consumers

We start by deriving generic expressions for the distribution of welfare changes across consumers

that vary in their total expenditures. We only use properties of demand implied by standard demand

date within-country inequality, for which the AIDS is naturally suited. The AIDS is also a first-order approximation
to any demand and has the property that distinct parameters identify income and substitution elasticities. If good-
specific income elasticities are neutralized, the AIDS collapses to the homothetic translog demand system studied in
an international trade context by Feenstra and Weinstein (2010), Arkolakis et al. (2010) and Novy (2012).

9Several recent studies, such as Feenstra and Hanson (1996), Helpman et al. (2012), Brambilla et al. (2012),
Frias et al. (2012), and Burstein et al. (2013) study different channels through which trade affects the distribution of
earnings such as outsourcing, labor market frictions, quality upgrading, or capital-skill complementarity. Costinot and
Vogel (2010) and Burstein et al. (2013) study the role of trade and other forces in shaping the distribution of earnings
in high-dimensional environments that include multiple sectors and factors. We study an economy with multiple
goods (which may vary in their income elasticity) and heterogeneous consumers (who vary in their preferences for
these goods).



theory. The results from this section correspond to changes in prices and expenditures exogenously
taken as given by consumers. In Section 3, we link these results to a standard model of trade in

general equilibrium.

2.1 Definition of the Expenditure Channel

We study an economy with J goods for final consumption with price vector p = {pj}j']=1 taken
as given by h = 1,.., H consumers. Consumer h has indirect utility v, and total expenditures xp,.
We denote by z (v, p) the expenditure function with associated indirect utility function v (z, p).
We also let s;5, = sj (xp,p) be the share of good j in the total expenditures of individual h, and
S; be the share of good j in aggregate expenditures.

Consider the change in the indirect utility of consumer h due to infinitesimal changes in log-

prices {p; }jzl and in the log of the expenditure level Zj,,'°

J
A Zalnv(ajh,p) N 8lnv($h’p):ﬁh. (1)

Uh = Olnp; J Olnxp

=1

The equivalent variation of consumer h associated with the price and expenditure changes {{ﬁj };.]:1 , ic\h}
is defined as the increase in individual expenditures, @y, that leads to the indirect-utility change
vy, at constant prices:

N Olnv (xp,p)
= ———— 2

(2)

Olnxy,

Combining (1) and (2) and applying Roy’s identity gives a well-known formula for the equivalent

variation:!!

J
’L/U\h = Z (—ﬁj) Sj,h + /.%'\h. (3)
j=1

The first term on the right-hand side of (3) is an expenditure-share weighted average of price changes
and represents what we refer to as the expenditure effect. It is the increase in the cost of living of
a consumer caused by a change in prices at the pre-shock expenditure basket. Henceforth, we refer
to wp, as the welfare change of individual h, acknowledging that by this we mean the equivalent
variation, expressed as share of the initial level of expenditures, associated with a change in prices
or in the expenditure level of individual h.

To organize our discussion it is useful to rewrite (3) as follows:
By, = W+ p + B, (4)

where

W

(=pj) Sj, (5)
1

J
J=

10We use Z = dIn (z) to denote the infinitesimal change in the log of variable z.
See Theil (1975).



is the aggregate expenditure effect, and

J
EDC HICTEEH (6)
j=1
is the individual expenditure effect of consumer h.

The term W is the welfare change through the expenditure channel in the absence of within-
country inequality or when all consumers feature the same distribution of expenditures (e.g., if
consumers only vary by income and demand is homothetic). It also corresponds to the welfare
change through the cost of expenditures for a hypothetical representative consumer.'? In turn,
the individual welfare change Jh captures that consumers may be differentially affected by the
same price changes due to differences in the composition of their expenditure basket. It is different
from zero for some consumers only if there is variation across consumers in how they allocate

expenditure shares across goods. The focus of this paper is to study how international trade
~\H
impacts the distribution {wh}h . in (6).

2.2 Almost-Ideal Demand

The Almost-Ideal Demand System (AIDS) introduced by Deaton and Muellbauer (1980a) be-
longs to the family of Log Price-Independent Generalized Preferences defined by Muellbauer (1975).
The latter are defined by the indirect utility function

v(azn,p) = F [(jf; )>1/b(p)] , (7)

where a (p) and b(p) are price aggregators and F'[-] is a well-behaved increasing function. The
AIDS is the special case that satisfies

J J J
1
a(p) = exp Q+Zajlnpj+§ZZ’yjklnpjlnpk , (8)
j=1 j=1 k=1
J
b(p)=cxp [ > Bjlnp; |, 9)

=1

where the parameters satisfy the restrictions ijl a; =1, Z}'le Bj = ijl ik = 0, and v = Yi;j
for all j, k.13

2For example, suppose that consumers have preferences with constant elasticity of substitution (CES). In that

case, for any pair of goods j and k we can write —p; = Sff:fk — Pk, where o is the elasticity of substitution between

goods. Since we have not yet chosen a numeraire, we can set pr, = 0. Replacing into (5) yields W= igk Therefore,
with CES demand the change in the aggregate share of just one (arbitrarily chosen) good k suffices to capture the
aggregate expenditure effect (e.g., see Arkolakis et al. (2012)).

13These parameter restrictions correspond to the adding up, homogeneity, and symmetry constraints implied by
individual rationality, and ensure that the AIDS is a well-defined demand system. No direct-utility representation of



The first price aggregator, a (p), has the translog functional form. It is independent from non-
homotheticities and can be interpreted as the cost of a subsistence basket of goods. The second
price aggregator, b(p), captures the relative price of high-income elastic goods. For our purposes,
a key feature of these preferences is that the larger is the consumer’s expenditure level xj relative
to a (p), the larger is the welfare gain from a reduction in the cost of high income-elastic goods, as
captured by a reduction in b (p) .

Applying Shephard’s Lemma to the indirect utility function defined by equations (7) to (9)

generates an expenditure share s;5 = s; (p,x3) in good j for individual h, where

J
Th
8 (p7 a:h) =a; + Z’ij Inpi + ,Bj In () (10)
— a(p)
for j = 1,...,J."% These expenditure shares have two features that suit our purposes. First, the

elasticity with respect to the expenditure level is allowed to be good-specific. Goods for which 8; > 0
have positive income elasticity, while goods for which 3; < 0 have negative income elasticity.!?
Second, they admit aggregation, in the sense that market-level behavior is represented by the

behavior of a single consumer. The aggregate market share of good j is
Sj =55 (P, 1), (11)

where Z is an inequality-adjusted mean of the distribution of expenditures across consumers,

T =Te>,

where T = E[x3] is the mean and ¥ = E [% In (% )] is the Theil index of the expenditure dis-

tribution.6

We identify  as the expenditure level of the representative consumer, so that the
distribution of budget shares for the aggregate economy is the same as the distribution of budget
shares for an individual with expenditure level Z.

To shorten notation, we let p be a column vector with the proportional price changes p; and
{S, §} be vectors with the levels and changes in aggregate expenditure shares, S; and 5’]-. We also
collect the parameters o and (3; in the vectors {a, 3} and define I" as the matrix with element -,

in row j, column k. With this notation, the AIDS is characterized by the parameters {«, o, 3, T},

the AIDS exists, but this poses no restriction for our purposes. See Deaton and Muellbauer (1980b).

“Expenditure shares must be restricted to be non-negative for all goods. We assume that (10) predicts non-
negative expenditure shares for all goods and consumers, so that the non-negativity restriction is not binding. Since
expenditure shares add up to one, this guarantees that expenditure shares are also smaller than 1. We discuss how
to incorporate this restriction in the empirical analysis in Section 4.

Y Even though we define x1, as the individual expenditure level, we follow standard terminology and refer to 3; as
the income elasticity of the expenditure share in good j.

6The Theil index is a measure of inequality which takes the minimum X = 0 if the distribution is concentrated
at a single point. In the case of a lognormal expenditure distribution with variance o2, it is ¥ = %02.



and the aggregate expenditure shares in (11) are represented by
S=a+Thp+By. (12)

The term y = In (Z/a (p)) denotes the ratio between the adjusted mean of the expenditure distri-
bution and the homothetic price index. Henceforth, we follow Deaton and Muellbauer (1980a) and

refer to y as adjusted “real” income.!”

2.3 The Individual Expenditure Effect with Almost-Ideal Demand

From (10) and (11), the difference in the budget shares of good j between a consumer with

expenditure level x;, and the representative consumer is
Th
sin—S;=BjIn (§) . (13)

Consumers who are richer than the representative consumer have larger expenditure shares than
the representative consumer in positive-3; goods and lower shares in negative-3; goods. Combining
(13) with the individual expenditure effect defined in (6) we obtain

Pn == COV [{8}, (i} 1 (F). (14)

=b

where b is the proportional change in the non-homothetic price index b (p).!* This expression says
that the covariance between the income elasticities {/3;} and the price changes {p;} summarizes
unequal welfare changes through the expenditure channel. A positive (negative) value of b reflects
a relative price increase of high- (low-) income elastic goods, leading to a relative welfare loss for
rich (poor) consumers.

Collecting terms, the welfare change of consumer A is
= 2 xh ~
wh:W—bxln<f)+xh. (15)
T

Given a distribution of expenditure levels xj;, across consumers, this expression generates the dis-
tribution of welfare changes in the economy through the expenditure channel.

A useful property of this structure is that the coefficients {W, 5} can be expressed as function
of demand parameters and aggregate statistics. From (5) and (14), these terms are simply weighted
averages of price changes, W=¢g p and b = B'p. In turn, assuming that I' has a well defined

inverse, p can be expressed as function of aggregate expenditure shares inverting the demand system

17Clearly, y does not represent the actual real income of any specific consumer. In the absence of within-country
inequality, y can be interpreted as the total expenditure of a representative consumer after paying for a subsistence-
level consumption basket with price equal to a.

8 Because the elasticities {(;} add up to zero, b is the covariance between the good-specific income elasticities and
the price changes.



(12),
p=T""(dS — Bdy).

This leads us to the following result.

Proposition 1. The aggregate and the individual expenditure effects {W,i)} corresponding to

arbitrary infinitesimal price changes are

—~

W
b

S'T~(dS — Bdy), (16)
BT (dS — Bdy). (17)

A direct corollary is that computing W and b only demands knowledge of the parameters {I', 3},
the levels and changes in aggregate expenditure shares {S,dS}, and the change in adjusted real
income, dy. Therefore, as long as the substitution and income-elasticity parameters {I',3} are
known, a researcher armed with a sequence of the aggreg/a\te statistics {Sj}‘j]:l and y over time
can account not only for the aggregate expenditure effect, W, but also for the deviation from that

aggregate effect corresponding to consumers at each level of expenditures, th.

3 International Trade Framework

We have used properties of demand to express the distribution of welfare changes across con-
sumers as a function of aggregate expenditure shares and demand parameters. Now, we embed
these results in a standard model of trade. A natural benchmark that is useful as an empirical
framework is the canonical Armington model, in which products are differentiated by country of
origin.'” In this section and the next we proceed in the context of a single-sector model, which is
useful to see how the income elasticity of each country’s exports shapes the gains from trade of

poor relative to rich consumers. We introduce multiple sectors in Section 5.

3.1 Single-Sector Model

The world economy consists of N countries, each of them specialized in the production of a
different good. From the perspective of an individual consumer, these goods can be demanded with
different income elasticities. For example, expenditure shares on Indian goods may decrease with
total individual expenditures. We let p;, be the price of goods from country n in country ¢ and p;
be the price vector in country i. We denote the local price in country ¢ of domestically produced

goods by p; = py;. Bilateral iceberg trade costs 7;, and perfect competition imply that p;, = Tinpn-

9 Anderson and Van Wincoop (2003) pioneered the use of the Armington model as a quantitative tool in interna-
tional trade. Additional margins such as product differentiation as in Krugman (1980) or input-output linkages as
in Caliendo and Parro (2012) could be incorporated to the analysis along the lines of Costinot and Rodriguez-Clare
(2013). Adding firm heterogeneity as in Melitz (2003), or competitive effects as in Feenstra and Weinstein (2010) or
Arkolakis et al. (2012), would need to confront that heterogeneous firms plausibly sell goods that are valued distinc-
tively by rich or poor consumers. This would entail a different modeling and empirical strategy, as well as different
data requirements. A unified approach that measures unequal gains through the expenditure channel incorporating
these margins is a promising area for future work.

10



Labor is the only factor of production. We let z;, be the effective units of labor of individual
h and Z; be the productivity of each unit of labor in country i. Therefore, the wage rate per
unit of labor is p;Z;, and individual A in country ¢ receives income of x, = z, X p;Z;. Individual
income equals expenditure. Each country is characterized by a mean z; and a Theil index >; of its
distribution of effective units of labor across the workforce, leading to a mean Z; = zZ;p;Z; and a
Theil index ¥; of the income distribution.

The demand side is given by the AIDS. Let X;, be the value of exports from exporter n to
importer ¢ and let Y; be the total income of importer i. Using (11), the aggregate expenditure share

in country ¢ for goods originated in country n is

N

X.
Sin = Yz;n =apn+ Z Tnn! In (pin’) + ﬁnyia (18)

n/=1

where, letting a; = a(p;) be the homothetic price index in country ¢, the term y; = In(Z;/a;)
denotes as before the ratio of the adjusted mean of the expenditure distribution to the homothetic
price index, Z; = Z;e™. The richer is the importing country (higher Z;) or the more unequal it
is (higher ¥;), the larger is its expenditure share from countries that produce goods with positive
income elasticity, 8, > 0. The parameters a,, captures the overall taste for the goods exported by
country n independently from prices or income in the importer. The expenditure share in goods

originated from n for an individual consumer h in country ¢ is

N
Sin,h = Qn + Z TYnn' In (pin’) + Bnyi,ha (19)

n/=1

where Yioh = Yi + In (xh/fb'vz)

For cleaner analytic expressions we assume that cross-elasticities are symmetric,

wmf—{ L N ngn (20)

1— %)y ifn=n

While this assumption simplifies the algebra, it is not necessary to reach analytic results.?’

Before we proceed it is useful to define the following measure of dispersion among the 35,’s,

o} = fj 82 (21)
B n’
n=1

20Tn the empirical analysis in Section 4, this assumption simplifies the estimation because it restricts the number
of parameters to be estimated, but it can be relaxed if there is enough variation to estimate asymmetric elasticities
across, for example, groups of countries. Imposing symmetry within sectors allows us to compare results to estimates
of gravity equations derived under a translog demand system from the literature (see below). In the multi-sector
estimation of Section 5, we allow « to vary by sector. The normalization by N in (20) only serves the purpose of
easing the notation in following derivations.
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as well as the “aggregate beta” of economy 1,
N
n=1

The parameter O‘% is proportional to the variance of the (,’s and captures the strength of non-
homotheticities across goods from different origins. The aggregate beta [; measures the bias in
the composition of aggregate expenditure shares of country i towards goods from high-3 exporters.
The larger is j3;, the relatively more economy i spends in goods that are preferred by high-income

consuimers.

3.2 Distributional Impact of a Foreign-Trade Shock

Without loss of generality we normalize the wage in country ¢ to 1, p;Z; = 1. Consider a foreign
shock to this country consisting of an infinitesimal change in foreign productivities, foreign endow-
ments or trade costs between any country pair. From the perspective of an individual consumer A
in country 4, this shock affects welfare through the ensuing changes in prices {]ﬁm}flvzl and income
Zp. Because only foreign shocks are present, the change in income %y, is the same for all consumers
and equal to change in the price of the domestic commodity, &, = p; = 0.

Applying Proposition 1 to this context gives an aggregate expenditure effect in country ¢ of

Wi = /WHz + /WNH,i, (23)
where
_ 1 (&
Whi = 5 <Z SindSin — dSii) ; (24)
n=1
_ 1 _
WNa: = 5 (Bi — Bi) dyi, (25)

and a change in the relative price of high-income elastic goods of
~ 1 9 _
b; = § (Uﬁdyi - dﬁz) . (26)

The application of Proposition 1 to this trade environment generates expressions that link the

aggregate and individual expenditure effects, WZ and l;i, to the demand parameters v and {f,},

N

n—1, and the level and change

the level and changes in aggregate expenditure shares {S;,,dS;,}
in adjusted real income of country i, {y;,dy;}. Additionally, the supply-side structure from the

Armington environment allows us to express the change in adjusted real income dy; caused by
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foreign shocks as function of {S;,, dS;,}, and the demand parameters:2!

et SindSin — dSii — yidf;
Bi — Bi —i—’y—agyi

dy; = (27)

Expressions (23) to (27) provide a closed-form characterization of the first-order approximation
to the welfare effects of a foreign-trade shock that includes three novel margins.?? First, preferences
are non-homothetic with good-specific income elasticities. Second, the formulas accommodate
within-country inequality through the Theil index of expenditure distribution 3;, which enters
through the level of y;. Third, and key for our purposes, they characterize the welfare change
experienced by individuals at each income level, so that the entire distribution of welfare changes
through the expenditure channel can be computed using (15).

The aggregate expenditure effect, /V[Z-, includes a homothetic part WHZ that is independent from
the fB.s and a non-homothetic part, WN H.i, which adjusts for the country’s pattern of specialization
in high- or low- income elastic goods and the change in adjusted real income. Assuming that v > 0,
the richer or the more unequal country i becomes (the higher dy; is), the larger the aggregate
non-homothetic term is when the country is specialized in high income elastic goods (8; > f3;).
When non-homotheticities are shut down, the aggregate welfare effect WZ collapses to WHJ-, which
corresponds to the aggregate gains under translog demand.?3

The key term for measuring unequal welfare effects is bi. As we have established, b < 0
implies a decrease in the relative price of high income-elastic goods which favors high-income
consumers. To understand expression (26), we note that changes in import shares reflect both
changes in relative prices and in the aggregate real income of the importing economy. Suppose
that we observe df3; > 0, which means that aggregate trade shares have moved towards high-3
exporters; for example, this would occur if the U.S. exports goods that are mostly consumed by
rich consumers and the importing country increases its imports from the U.S. In this circumstance,
if ¥ > 0 and the aggregate real income of the economy stayed constant (dy; = 0), observing df3; > 0
implies a reduction in the relative price of imports from the U.S. and a positive welfare impact on
sufficiently rich consumers. However, the increase in imports from the U.S. captured by dB; > 0
may also reflect an increase in aggregate real income of the importer, dy; > 0. Hence, the change

in the aggregate beta is adjusted by the change in real income to infer the bias in relative price

21To derive (27), we use that a; = Zizl ;li]"p‘z; Pin = 22:1 (Sin — Bnyi) Pin, where the second line follows by Shep-
hard’s Lemma. Also, totally differentiating S;; and S;» from (18), we reach pin = p; — % [dSin — dSii — (Bi — Bn) dy] -
Combining the last two expressions and using that by definition dy; = p; — a; gives the solution.

22Below we also show expressions for discrete, rather than infinitesimal change in parameters. The empirical

results rely on exact welfare changes rather than first-order approximations.

23The homothetic part, /WHJ- includes the entire distribution of levels and changes in expenditure shares,
{Sin,dSin}. With CES preferences the equivalent term is ﬁgzz where o is the elasticity of substitution, so it
depends on just the own trade share. These results hold under perfect competition. Feenstra and Weinstein (2010)
measures the aggregate gains from trade in the U.S. under translog preferences stemming from competitive effects,
and Arkolakis et al. (2010) study the aggregate gains from trade with competitive effects under homothetic translog
demand and Pareto distribution of productivity. The AIDS nests the demand system studied in these papers in the

case that 8, = 0 for all n, but we abstract from competitive effects.
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changes.

Equations (23) to (27) express changes in individual welfare as the equivalent variation of a
consumer (relative to initial income) that corresponds to an infinitesimal change in prices caused
by foreign shocks. We use these results to measure exact welfare changes that correspond to discrete
changes in the vector of prices. Consider two scenarios, A and B, with associated distributions
of prices {pf‘,pf} and aggregate expenditure shares {S{‘, SiB}. As in the previous subsection,
we assume that the endowments and productivity in country ¢ are the same in the two scenarios,
while foreign trade costs, endowments or technology may vary. Integrating (15) we obtain the exact
change in real income experienced by an individual with expenditure level z; in country ¢ when

conditions change from A to B:%*

(28)

If wf < wf}, individual h is willing to pay a fraction 1 — w,]f / wf of her income in scenario A
to avoid the movement to scenario B. Measuring this exact individual-level change in real income
A

77

requires the ratio between the non-homothetic price index in the two scenarios, b? /b, as well as
the change in aggregate welfare, WiB / WZ-A. By construction, the latter equals the welfare change of

the representative consumer in country i, which from (23) can be expressed as

B /B
wh _ Wi WNmi

A= WA WA
W; Wi i Wani

(29)

(2

Integration of equations (23) to (27) between the expenditure shares {1} and {SZ} yields the

n

following result.?”

Proposition 2. Consider two scenarios, A and B, with different foreign conditions (trade costs
or productivities) to country i and associated aggregate expenditure shares {S;“,SﬁEg } The total
welfare change to consumer h in country i is given by (28), where the homothetic component of the

aggregate effect in (29) is

Witi 2 (S2(58) -5l (s4)7) -2 (sB-52)

7 (30)

24 An expression similar to (28) appears in Feenstra et al. (2009).
Z5Reaching (30) to (32) is straightforward. As for (33), rearranging terms in (27) and using (24) gives

d (yiBs) + (v — Bi) dyi — (03/2) d (y7) — YW, = 0.
Integrating between {57, } and {55} gives
(03/2) (u7)" = (7= 6+ B2 )y + [(v = s+ B2) w4+ 4im (W) ] =0,

with roots for yZ reported in (33). Evaluating the roots at {Sﬁl} = {Sg‘;} determines which root must be preserved.
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the non-homothetic component of the aggregate effect is

4 6%51‘(%3—2/24)—%&3 Eidyi7 (31)

the change in the non-homothetic price index is

5 o
ZiA = e (v —vit)of—(BP-B)] (32)

and the adjusted real income in the final scenario is

B

B_ 1 3B 3B 2 2 RA A UE'? AN2 Wf]ii
vi = 5 {787 =Bt | (v+BF = B)" =205 | (v + B = B) wit — 5 (4)" + v WA, : (33)

in which the larger root is chosen if’y+BZA — B —U%yﬁ < 0 and the smaller root is chosen otherwise.

Equations (28) to (33) can be used to make either ex post evaluations of the distribution of
welfare changes (for an observed change in trade shares corresponding to foreign shocks) or ex ante

evaluations (for a counterfactual change in trade shares such as moving to autarky).26

3.3 Non-Homothetic Gravity Equation

The model yields a non-homothetic gravity equation that we will take to the data to estimate the
key parameters needed for welfare assessment. These parameters are the elasticity of substitution ~
across exporters and the income elasticity of the goods supplied by each exporter, {3, }. Combining

(18) and the definition of y; gives

ol b )

where

1 N
T, = exp <N nz::l In (Tm))
and
1 N
P = exp (N nzz:lln (pn)> .

Total income of each exporter n equals the sum of sales to every country, Y, = ZZJ\L 1 Xin. Using

this condition we can solve for the first term in square brackets in (34) and express import shares

26Tf we set the B,’s to zero, the exact aggregate welfare change Wi /wA collapses to WI?,'L’/W;}J. The solution for
this term in (30) is the same as the aggregate welfare change with translog demand in equation (10) of Feenstra and
Weinstein (2010) fixing the number of varieties over time in their case (proof of this equivalence is available upon
request). We also note that, as in Feenstra and Weinstein (2010) and Feenstra (2014), the homothetic part of the
aggregate effect in (30) includes the Herfindahl of the distribution of aggregate expenditure shares.
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in country ¢ in standard gravity form,

X; Y,
Yz; = ﬁ - ’VT%n + Bth (35)

where Yy = Ele Y; stands for world income, and where

T N Y, T,
Tlmzl Tin |\ n' 1 n'n
(72 G)e () &

n/=1

@) £ERE ) e

n'/=1

The first two terms in the right-hand side of (35) are standard gravity terms. They capture
relative market size of the exporter, bilateral trade costs, and multilateral resistance through trade
costs relative to third countries. The last term, (3,(); , is the non-homothetic component of the
gravity equation, which includes the good-specific Engel curves that are needed to measure the un-
equal gains from trade across consumers. This term captures resistance to trade through mismatch
between the income elasticity of the exporter and the income distribution of the importer. The
larger €); is, either because average income or inequality in the importing country ¢ is high relative
to the rest of the world, the higher is the share of expenditures devoted to goods from country n

when n is specialized in high income elastic goods (3, > 0).

4 Empirical Results for the Single-Sector Economy

4.1 Data and Empirical Implementation

To estimate the gravity equation we use the World Input-Output Database (WIOD) which
contains bilateral trade flows and production data for 40 countries (27 European countries and 13
other large countries) to compute expenditure shares. These are the same data used by Costinot
and Rodriguez-Clare (2013), and cover food, manufacturing and service sectors.?” The data also
delineate expenditures by sector and country of origin by final consumption or intermediate in-
put use. We use total expenditures as the benchmark and report robustness checks that restrict
attention to final consumption.

In this section, we aggregate sector-level flows to a single sector; in Section 5 we examine the
sector-level flows allowing for non-homothetic preferences across both sectors and countries. We
merge the bilateral and production information with CEPII’s Gravity database to obtain bilateral

distance and other gravity measures. Price levels, adjusted for cross-country quality variation, are

2TWe take an average of flows between 2005-2007 to smooth out annual shocks. Following Costinot and Rodriguez-
Clare (2013), we aggregate the service sectors into a single sector. The choice of WIOD is a natural benchmark because
it covers all sectors of the economy, can distinguish country of origin by final consumption or intermediate use, and has
been used in previous work. In principle, one could apply the methodology to any dataset that contains production
and trade flows across sectors or products.
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obtained from Feenstra and Romalis (2014). Income per capita and population are from the Penn
World Tables, and we obtain gini coefficients from the World Income Inequality Database (Version
2.0c, 2008) published by the World Institute for Development Research.2®

The term T;, in (36) captures bilateral trade costs between exporter n and importer ¢ relative
to the world. Direct measures of bilateral trade costs across countries are not available, so we
proxy them with weighted-average distance (d;;,) from the CEPII Gravity database. This variable
calculates bilateral distances between the largest cities in each country, with the distances weighted
by the share of the city in the overall country’s population.?? We start by assuming that 7, = d? €
where p reflects the elasticity between distance and trade costs and €&;, is an unobserved component
of the trade cost between i and n, and then include other gravity terms besides distance.? This
modifies the gravity specification in (35) to the estimated equation

Xin  Yn

YE - % = — (’YP) Din + ﬁan + €in, (38)

where, letting d; = SN I (din)

n=1
Dy =In (%) - S~ (2 g, (%n
n<di> Z<Yw>n(dj>’ (39)

J=1

and where we assume that the error term is iid. In the data, we measure )g}z" from exporter n’s
share in country ¢’s expenditures. Similarly, we use country n’s share in worldwide expenditure to
construct 35’% Since we do not directly observe trade costs, we cannot separately identify + and p.
Following the literature we set p = 0.177.3!

The term €;, defined in (37), captures importer i’s inequality-adjusted real income relative to
the world. To construct this variable we assume that the distribution of efficiency units in each

country i is log-normal, Inz, ~ N (/,Li,a?), leading to a log-normal distribution of expenditures

x with Theil index equal to ¢7/2 where 07 = 2 [@fl (%)]2 We construct z; from total
expenditure and total population of country 1.

To build €2; we also need to construct the homothetic price index a;. Following Deaton and
Muellbauer (1980a) and more recently Atkin (2013), we replace the price index in ¢ with a Stone
index, a; = ), SinIn(Tinpn), where p, are quality-adjusted prices estimated by Feenstra and
Romalis (2014). The obvious advantage of this approach is that it sidesteps the estimation of a,,

which enter the gravity specification non-linearly and are not required for our welfare calculations.

28The World Income Inequality Database provides gini coefficients from both expenditure and income data. Ideally,
we would use ginis from only the expenditure data, but this is not always available for some countries during certain
time periods. We construct a country’s average gini using the available data between 2001-2006.

29The advantage of this measure is that the distance measure is defined when i = n.

30Waugh (2010) includes exporter effects in the trade-cost specification. In our context, his assumption amounts
to formulating 7in = exndf, €n, where ez, is the exporter fixed effect. The gravity equation (38) would be unchanged
in this case because the exporter effect ex,, washes out from T;, in (36).

31This is the same value used by Novy (2012).
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The measure of real spending per capita divided by the Stone price index, #i/a;, is strongly correlated
with countries’ real income per capita; this suggests that €2; indeed captures the relative difference
in real income across countries.

We cluster errors at the importer level. Since the market shares sum to one for each importer,
it is guaranteed that > B, = 0 in the estimation, as the theory requires. We estimate the gravity
equation on the 40 countries in the WIOD.

The results of the baseline estimation are reported in columns 1A and 1B of Table 1. As is well
known in the literature, bilateral distance reduces trade flows between countries, which is captured
by the statistically significant coefficient on D;;,. This implies v = 0.54 (=.095/.177). The 40 3
parameters are reported in the subsequent rows. The exporters with the highest §’s are the U.S.
and Japan, while Indonesia and India have the lowest 8’s. This means that U.S. and Japan export
goods that are preferred by richer consumers, while the latter export goods that are preferred by
poorer consumers.

In column 2, we introduce additional trade costs: common language and a contiguous border
term.3? As expected, the coefficient on D, falls but remains statistically significant. The implied
parameter v, noted in the last row, falls to 0.24 in this specification.?® Importantly, the correlation
with the baseline 's remains high (correlation is 0.84). In the results below, we use the gravity
estimates from column 2 as our baseline parameter values.

To visualize the 8’s, we plot them against the per capita income in Figure 1 (these are the /3’s
from column 2 of Table 1) The relationship is strongly positive and statistically significant. We
emphasize that this relationship is not imposed by the estimation. Rather, these coefficients reflect
that richer countries are more likely to spend on products from richer countries, conditional on
trade costs. We also note that the B’s are fully flexible, which is why the coefficients are often

t.3¢ The finding that a subset are statistically significant is sufficient to

not statistically significan
reject homothetic preferences in the data and is consistent with the existing literature who finds

that richer countries export goods with higher income elasticities.?®

32For this we define trade costs as i, = dfnlf,’ibfflémwhere lin is an indicator of common language between ¢ and n
and b;y, is an indicator for a contiguous border. As a result, the right-hand side of the gravity equation (38) becomes
— (’yp) Din + (751) Lin + (fyéb) Bin + ,Ban + €in, where L"L = ln(lm/l_l) — Zjl‘:l (Y]/YW) In (ljn/l_J) and Bin is defined
analogously.

33This estimate is close to the translog gravity equation estimate of v = 0.167 estimated by Novy (2012). That
paper does not include domestic budget shares in the estimation; that is, it estimates an import translog demand
system. When we include controls for common language and border, as in column 2, the variation in our budget
shares resembles more closely the setting in that paper. Feenstra and Weinstein (2010) report a median 7 of 0.19
using different data, a different level of aggregation and a different estimation procedure, so our estimate is in line
with the few papers that have run gravity regressions with the translog specification.

341f we reduce the number of estimated parameters by imposing a relationship between income elasticities and
exporter income, we find a positive and statistically significant relationship between the two variables. Specifically, we
can impose that 3, = By + B1yn, which is similar to how Feenstra and Romalis (2014) allow for non-homotheticities.
The theoretical restriction ). B, = 0 implies that By = —Bl% > . Yn, transforming this linear relationship to

. = B1 (yn — % > yn) and reducing the number of income elasticity parameters to be estimated from 40 to 1.

If we impose this to estimate the gravity equation, we find B; = 0.006 (standard error of 0.002). This estimate is
very close to regressing our estimated f,,’s reported in Table 1 on (yn — %Zyn), which yields a coefficient of 0.08
(standard error of 0.004).

35See Hallak (2006), Khandelwal (2010), Hallak and Schott (2011), and Feenstra and Romalis (2014).
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The remaining columns of Table 1 check the sensitivity of the parameters to alternative speci-
fications. In column 3, we replace the exporter share of world expenditure, 1)’/77/ with an exporter
fixed effect and re-run the gravity equation. This robustness check adds more flexibility to the
specification rather than relying on the full structure of the model. The coefficients on the gravity
terms change slightly, and not surprisingly, the income elasticities become somewhat compressed
but nevertheless remain highly correlated with the ’s from the previous columns (the correlation
with column 2 is 0.86). Finally, column 4 re-runs the analysis using final expenditures to construct
the bilateral shares. In this case, the income elasticities become more disperse; the income elastic-
ity of China’s exports falls relative to the previous column, which is expected given the country’s
reliance on processing trade, and Germany’s 8 increases. Below, we use the estimates from column

2 for the main analysis and report sensitivity checks from the other specifications.

4.2 Measuring The Unequal Gains from Trade in the Single-Sector Economy

We now have the parameters to measure the unequal distribution of the gains from trade
across consumers. For that, we perform the counterfactual experiment of bringing each country
to autarky. In the model, this can be accomplished by sufficiently increasing trade costs for all
countries. Because we know the changes in expenditure shares that take place between the observed
trade shares and autarky, we can apply the results from Section 3.2 to measure the exact changes
in real income between trade and autarky for consumers at each income level.36 Since we study
an endowment economy, every consumer must be better off with trade, but the magnitude of
the consumer-specific gains from trade (i.e., the real income lost by a consumer when trade is
prohibited) vary across consumers within a country depending on their income level.?”

We begin by computing the gains from trade for the representative agent in country ¢ defined
in (29). The exact expression for the first term is given in (30) and the second term is the non-
homothetic component defined in (31). This non-homothetic term includes the real income term
under autarky, which we solve for using (33).3® Moving the economy to autarky amounts to setting
A = trade and B = autarky in those expressions, so that {Sﬁl} equals the observed trade shares in
country ¢, and {Sﬁ equals the autarky trade shares, Sﬁ =1 and Sﬁl = 0 for all n different from

1.

36Changes in the level of earnings (common to all consumers) are captured by the real income change of the
representative consumer. Our counterfactuals measure the real-income effects of changes in trade costs through
consumption effects keeping fixed the distribution of relative earnings across consumers. Including Stolper-Samuelson
effects would generate distributional effects of trade through changes in the earnings distribution, but we do not pursue
this channel here.

3"Throughout the analysis we take as given the specialization pattern of countries across goods with different
income elasticity of demand. This pattern could change as they moved to autarky, but we note that the direction of
that change will depend on what forces determine specialization. If specialization is driven by home-market effects, as
in Fajgelbaum et al. (2011), poor countries would specialize less in low-income elastic goods as they move to autarky.
However, if specialization is driven by relative factor endowments, as in Mitra and Trindade (2005) or Caron et al.
(2012), poor countries would specialize more in low-income elastic goods as they move to autarky. To our knowledge,
no study has established the relative importance of these forces for international specialization patterns in goods with
different income elasticity.

3 Since the term % ff Bidy; in (31) does not have a closed form solution we numerically integrate it.
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The first column of Table 2 reports the real income loss for the representative consumer in each
country, 1 — W™ /yyirade . To compare the results with and without non-homothetic preferences,
we re-estimate (38) imposing 5, = 0 for all n; this corresponds to a translog specification. This
estimation yields a 5% = (0.240 which we then feed into (30) to compute loss of moving to
autarky. These outcomes are reported in the second column. Since the estimated « hardly changes
when we impose homothetic preferences and the non-homothetic component of aggregate welfare
Wﬁﬁirky/wﬁg‘ff is small, the differences between the translog or AIDS estimates are negligible. This
suggests that non-homotheticities, in our context, do not fundamentally change the estimates of the
aggregate gains from trade (but will have a strong impact on their distribution across consumers).3’

The main advantage of our approach, and the focus of this paper, lies in measuring how trade
affects individuals across the expenditure distribution. To compute real income changes by income
level, we must account for the restriction of non-negative expenditure shares at the individual level,
which commonly binds under autarky.“0 As discussed in Appendix A.1, we follow the approach in
Feenstra (2010) and treat these goods as not consumed. The welfare and the expenditure shares of
consumer h under autarky can then be calculated using the consumer-h specific choke prices that
bring that consumer exactly to autarky, so that s = 1 and s?, = 0 for n # i in (19). Even though
the actual prices under autarky are common to all consumers, the effective price changes used to
measure welfare vary by consumer.*!

Following these steps, we find the effective change in the non-homothetic price index experienced

by each consumer when the country moves from autarky to the observed level of trade,

btr};zde 1 vk

1, =

In bautarky = 5 [(yff}?de - yzz o y) 0-?3 - (ﬁffhade - 51)} . (40)
i,h

The term Bf’rhade in the right-hand side corresponds to the aggregate beta defined in 22 evaluated

at the observed trade shares. A positive value for (Bfﬁfde — ﬁi) means that, as the country opens
up to trade, it shifts its expenditure basket towards higher income elastic goods. Assuming v > 0,
this implies a reduction in the relative price of these goods as the country moves from autarky to
trade.

Armed with these relative price changes, we can determine the real income lost in a movement
to autarky by each percentile of a country’s expenditure distribution using equation (28). We

evaluate that equation at the shares defined in (A.1), letting A and B in those formulas correspond,

39The aggregate gains from trade tend to be larger under translog compared to a CES Armington model, as
reported in column 1 of Table 1 of Costinot and Rodriguez-Clare (2013), although the correlation is quite high (equal
to 0.96).

49For example, if (19) predicts that consumer A has expenditure share s;, 5, = 0 in a good with 8, < 0, then the
non-negative constraint binds in good n for every consumer richer than h.

41The restriction that individual shares must be non-negative binds for some percentile-importer-exporter combi-
nations at the estimated parameters. As discussed in Appendix A.3, in these cases we also compute the individual
expenditure shares by assigning consumer-specific choke prices. For this reason, yﬁf,fde and Bff,{‘de in (40) have an
index h. This adjustment does not affect the aggregate predictions of the model, as the observed aggregate expen-
diture shares have a correlation of 0.99 with the aggregate expenditure shares generated by adding up the adjusted
individual shares across all percentiles and countries.
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respectively, to the actual scenario under trade and the counterfactual scenario under autarky. We
assume, as we do throughout the empirical analysis, that the expenditure distribution in country ¢
is lognormal with variance a?.

From now on, we index consumers by their percentile in the income distribution, so that h €
(0,1). Then, the gains from trade for a consumer at percentile h of the income distribution of
country i (i.e., the real income lost by consumers in this percentile due to closing off trade) can be

expressed as??

autark autarky autarky \ i(1—zn)
W, Y Wi,h bi,h
1- T trade 1= Wtrade btrade ’ <41)
wy, ih ih

Figure 2 plots the gains from trade by percentile of the income distribution for all the countries
in our data. To facilitate the comparison, we express them as difference from the gains from trade
of the 50th percentile in each country, and report the gains from trade for the 50th percentile in
column 3 of Table 2. The solid red line in the figure shows the average gains from trade for each
percentile across the 40 countries in our sample. The typical U-shape relationship between the
gains from trade and the relative position in the income distribution implies that poor and rich
consumers within each country tend to reap larger benefits from trade compared to middle-income

consumers.

4.3 Determinants of the Unequal Gains From Trade

The average U-shape relationship between gains from trade and relative income masks large
heterogeneity across countries in the difference between the gains from trade of relatively poor and
rich consumers. In 14 out of the 40 countries trade is unambiguously “pro-poor”, in the sense that
gains from trade are larger for any consumers above the median than for any consumer below the
median, while in India and Belgium, using that same metric, trade is unambiguously “pro-rich”.

What determines the strength in the overall pro-poor bias of trade? The answer naturally lies
in the income elasticity of each country’s products vis-a-vis its natural trade partners. In countries
that export relatively low income-elastic goods, such as India, or that trade considerably with the
U.S., such as Mexico or Canada, the gains from trade are relatively less biased to poor consumers.
In these countries, opening to trade increases the relative price of low-income elastic goods (which
are exported), or decreases that of high-income elastic goods (which are imported).

To examine these patterns more systematically we consider the cross-country variation in the
change of the non-homothetic price index from autarky to trade expressed in (40).*3 The more
positive this term is, the larger the increase in the relative price of high-income elastic goods as the

country opens up, and the more strongly pro-poor the bias of the gains from trade.

42Under the log-normal distribution, the expenditure level of a consumer at percentile h in country i is e*»%i T4,

where z;, denotes the value from a standard normal z-table at percentile h, and #; = e?i*t#i. Applying this to (28)
yields (41). The lognormal distribution leads to Pr[z; < #;] = 0.841, which implies that the representative agent
corresponds to the 84.1'" percentile in each country.

43We report the effective price change for the individual that corresponds to the representative agent in each
country. Similar cross-country patterns emerge for the effective price change of any specific percentile.
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As implied by (40), one of the determinants in the change in the non-homothetic price index
when a country opens up to trade is the income elasticity of each country’s exports, captured by
B;. This relationship is plotted in the left panel of Figure 3. The positive slope from the figure
means that opening to trade is associated with a larger increase (or a less negative decrease) in
the relative price of high-income elastic goods in countries that export these goods, a reflection of
standard terms-of-trade effects. These relative price changes result in a stronger pro-poor effect of
trade, as is seen in the right panel of Figure 3, which plots the difference in the gains from trade
between the 90th and 10th percentiles against each country’s income elasticity of exports. The
negative relationship implies that trade is relatively more favorable to poor consumers in countries
that export high-income elastic goods. Because, as implied in Figure 1, these countries tend to be
richer, this also implies that trade tends to be relatively more pro-poor in richer countries.

As is also implied by (40), another determinant of the non-homothetic price index is the income
elasticity of the goods exported by each country’s trade partners, as captured by B?“de. A higher
value for Bfr‘lde means that country ¢ imports more from exporters of higher income elastic goods.
This depends not only on importer i’s income level, but also on standard gravity forces that
determine the prices of these goods. The left panel of Figure 4 plots the change in the non-
homothetic price index for each country when it opens up to trade against distance to the U.S.,
an exporter of very high income elastic goods. Countries that are closer to the U.S., specifically
Mexico and Canada, face lower relative prices for U.S. imports, and a reduction in the relative
price of high-income elastic goods due to trade. As a result, in these countries trade is relatively
less pro-poor, as seen in the right panel of Figure 4, which plots the difference between the gains
from trade of the 90th and 10th percentiles against distance to the U.S.

Overall, these results demonstrate the importance of both specialization and geography in
shaping the unequalizing effects of trade. In countries that produce and export high-income elastic
goods or that are far, in a gravity sense, from exporters of this type of goods, the changes in relative
prices caused by opening up to trade tends to benefit poor consumers relatively more.

These patterns are robust to alternative samples within our data. Appendix Figure A.1 shows
the average gains by percentile from Figure 2 when the service sector is excluded from the data
(and all the parameters are re-estimated). Since trade in services is small, dropping that sector
increases import shares and accentuates the differences in the gains from trade across percentiles.
Next, Appendix Figure A.2 compares the unequal gains from trade under three gravity specifica-
tions: column 2 of Table 1 (the baseline specification), column 3 which uses exporter fixed effects
rather than 5%:/’ and column 4 which constructs expenditure shares using final expenditures. Com-
pared to the baseline values, the U-shape pattern is slightly flatter under the exporter fixed effect
specification because the 3’s are more compressed. The estimates using final expenditures show a
slightly steeper inverted-U pattern for the opposite reason: as shown in column 4 of Table 1, the
(’s are more dispersed relative to column 2. Nevertheless, the U-shaped gains from trade pattern

is consistent with the baseline figure.
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5 Multiple Sectors

So far we have characterized the unequal gains from trade through the expenditure channel in
a single-sector Armington model where goods are only differentiated by country of origin. Costinot
and Rodriguez-Clare (2013) and Ossa (2012) show that sectoral heterogeneity is an important
driver of the aggregate gains from trade, and Hallak (2010) argues that non-homotheticities across
sectors are important. In this section, we extend the analysis to allow for multiple sectors, so that
now each good is defined by a sector-origin dyad. This approach allows for differences in income
elasticities across both sectors and source countries, as well as international specialization across
sectors, to be drivers of the unequal gains from trade.

First, we describe the key expressions corresponding to the extended environment. The multi-
sector model produces a non-homothetic sectoral gravity equation which aggregates exactly to the
gravity equation of the single-sector model, as well as formulas for the unequal gains from trade
that nest our previous expressions. We then estimate the parameters from the multi-sector model

and contrast the results with the single-sector estimates.

5.1 Multi-Sector Environment

Goods are indexed by country of origin, ¢ = 1,.., N and sector s = 1, .., S, so that in total there
are N x S goods. Country 7 has labor productivity Z7 in sector s and an exogenous distribution
of effective units of labor as in the single-sector case. Assuming that every country has positive
production in every sector, the wage rate per effective unit of labor in country i is p;Z7 for all
s=1,..,5, where pj = pj; is the domestic price of sector-s goods and p;, is the price of goods from
exporter n to importer ¢ in sector s. Trade costs in sector s are 7;, , so that p;, = 7. p; .

Assuming Almost-Ideal Demand, the share of total expenditures in country ¢ devoted to goods

from country n in sector s is

S N
Sin = 0+ D D A D + By (42)
s'=1n'=1
where, as in the single-sector model, y; = In (Zi/a(p;))+%; is the adjusted real income of the economy.
The income elasticity 3, is allowed to vary across both sectors and exporters. In turn, oj, may
vary across exporters, sectors, and importers. These coefficients must satisfy > > af =1 for
alli=1,...,Nand > > G5 =0.

The coefficient 'yf;f{, is the elasticity of the expenditure share in good (n,s) with respect to the
price of good (n/, s"). We assume no cross-substitution between goods in different sectors ('yflfll, =0
if s # §'). Within each sector s, and similarly to the single-sector case, we assume the same
elasticity between goods from different sources within a sector (732, is the same for all n’ # n for

each s), but this elasticity may vary across sectors:
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¥ if s = s'and n' = n,
Yo =3 = (1= %) ifs=s andn’ #n, )
0 if s # 5.

This structure on the elasticities is convenient because it allows us to cast a demand structure
which looks similar to a two-tier demand system—across sectors in the upper tier and across source
countries within each sector in the lower tier—and to relate it to existing homothetic multi-sector

gravity models in the literature.** The share of sector s in the total expenditures of country i is:

N
S;=>_S5,
n=1
=at + 8y, (44)

=S S
where @ =)« and

Equation (44) shows that the expenditure shares across sectors have an “extended Cobb-Douglas”
form, which allows for non-homotheticities across sectors through BS on top of the fixed expenditure
share o} 45 This expression is useful because, given the value for y; under autarky, it pins down the
distribution of autarky expenditure shares across sectors, which are needed to compute the gains
from trade by percentile of the income distribution. We refer to the 5° in (44) as sectoral betas,
and we explore how results change depending on whether non-homotheticities across sectors are
allowed (in which case §° may be different from zero) or not (in which case all the 5° = 0).

Using (43), the expenditure share in goods from source country m in sector s adopts the

symmetric-AIDS form,

S
Sin = aiy =" In <];;Z> + Bryis (45)
7

where P = exp <% 27]2621 In pfn,). The corresponding expenditure share for consumer A is

Stan = St + 530 (2. (46)
5.2 Expressions for The Unequal Gains From Trade with Multiple Sectors

As in Section 3.2, we consider the distribution of welfare changes associated with a foreign trade

shock to country i, choosing the wage in country i as numeraire. Applying Proposition 1 to the

44This nesting is a standard approach to the demand structure in multi-sector trade models. For example, see
Broda and Weinstein (2006), Feenstra and Romalis (2014), or Costinot and Rodriguez-Clare (2013).

451 B° = 0 for all s (so that non-homotheticities across sectors are shut down), sectoral shares by importer are
constant at S; = @;, as it would be the case with Cobb-Douglas demand across sectors.
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multi-sector model, the aggregate expenditure effect in country ¢ is

S
EZ Wi +ZWNH7,7 (47)
s=1 s=1
where
_ 1 (&
n=1
Wi = Z — B33) dy;. (49)
In turn, the change in the non-homothetic price index in country ¢ is
~ S A
=B (50)
s=1
where
N 3
= 7’; [dS5; — dSi, + (By, — B7) dyi] - (51)
n=1

Finally, following similar steps to the single-sector case,*® the change in adjusted real income is

dy: = 255:1 Wirﬂrins IZn 1 7 (dSS ds;,) (52)
LU= 5k (S5 - Baw) (5 - 7)

These expressions collapse to (23) to (27) in the single-sector case (S = 1). Integrating (23) to
(52) between two sets of aggregate expenditure shares gives the exact changes in real income by

level of income caused by a discrete change in trade costs or foreign productivities.

5.3 Estimation of the Sectoral Non-Homothetic Gravity Equation

The model delivers a sector-level non-homothetic gravity equation. Letting X denote exports

from n to ¢ in sector s and Y,y = >, X? be the total sales of country n in sector s we reach

X5 Y
Y,  Yw

+ Afn — T + 6ol (53)

where Y; and Yy are respectively country-¢ and world income, and where T}, is defined analogously
to Ty, in (36),
N
’7'5S Yn’ TS/
7=t () - 3 (5 ) m ().
n'=1 n
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for 77 = exp (Zf:;l In(75) /N ) Compared to the single-sector gravity equation (35), the sector-

level gravity equation (53) includes the extra term

Xy,
Ao =atu= X (5) an 54

n'=1

which captures cross-country differences in tastes across sectors or exporters. This term vanishes
if o, is constant across importers 7.

We estimate the sectoral gravity equation using the sector-level trade flows in the WIOD. To
reach a sectoral gravity equation that is amenable to estimation, it is useful decompose o, into
an exporter effect «, (which has the same interpretation as in the single-sector case), a sector-
specific effect o® (which captures that some sectors command higher shares in every country) and

a country-specific taste for each sector ¢,
ai, = ap (0 +¢€7). (55)

We assume, as in the single-sector case, that ZnN:1 an = 1. Under this assumption, the sectoral

expenditure shares from the upper-tier equation (44) become
S8 =+ By + €. (56)

This equation is an Engel curve that relates sectoral expenditure shares to the adjusted real income
of the country.*” To bring it to the data, we project sector shares on sector dummies and a measure
of importer income interacted with sector dummies; the interacted coefficients have the structural
interpretation as the sectoral betas 38.48
Similarly to the single-sector case we assume that trade costs are 75, = df & . Using (56)
together with (53) and (54), the sectoral gravity equation that we take to the data is
Xin Yo
Yi Yw

= an (57 = Siy) = (v°p) Din + B3 + €5, (57)
where Sjy, is the share of sector s in world expenditures, Dj, is defined in (39), and
B = By — anf®. (58)

We note that the gravity equation (57) identifies 32, the difference between (2 and the level

o, B%. However, to compute welfare changes we need the underlying structural parameters, 35. We

4"Note that sectoral labor shares are allowed to vary independently from expenditure shares depending on the
distribution of sectoral productivities Z; and trade patterns. The sectoral productivities are not estimated and are
not needed to perform the counterfactuals.

48The term & captures cross-country differences in tastes across sectors that are not explained by differences in
income or inequality levels. As in Costinot et al. (2012) or Caliendo and Parro (2012), this flexibility is needed for
the model to match sectoral shares by importer. This approach to measuring taste differences is also in the spirit of
Atkin (2013), who attributes regional differences in tastes to variation in demand that is not captured by observables.
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identify these by first estimating 3° from the regression on sectoral shares in (56) and then using
these estimates together with those for ay, from (57) to calculate 5 from (58).

The sectoral gravity equation aggregates to the single-sector case. As discussed below, this
facilitates identifying the role of sectoral heterogeneity in shaping the results. Summing (57) across

sectors gives the total expenditure share dedicated to goods from n in the importing country 4,

X, Yy S S S
e (3 oma (S 0 S
v w s=1 s=1 s=1

This coincides with the single-sector gravity equation (38) if we define v =>"_~*, 8, = >, 5; and

€in = 4 €;,- Thus, summing our estimates of {7,} from (57) matches the parameter vy estimated
from (38) in Section 4. Likewise, the sum of the sector-specific income elasticities by exporter
> < By estimated from (57) matches the income elasticity of exports from n estimated from (38),
Bn-

The gravity results are reported in Table 3. As in column 2 of Table 1, the sectoral gravity
equation also includes language and border terms, but these coefficients are suppressed. Columns
1A and 1B of Table 3 report the 17 sector-specific distance coefficients multiplied by the elasticity of
trade costs with respect to distance, py® (where p = .177 as before). As mentioned in the previous
paragraph, these distance coefficients sum exactly to the py reported in the single-sector case in
column 2 of Table 1. (Likewise, the unreported sector-specific language and border coefficients sum
exactly to the corresponding coefficients in the single-sector estimation.)

Columns 2A and 2B report the sectoral betas £° = dYon 3549 These coefficients are obtained
from the Engel curve in (56) which projects importers’ sectoral expenditure shares on the importer’s
income per capita. To get a visual sense of these sectoral betas, in Figure 5 we plot the relationship
for three broad sector groups (Food, Manufacturing and Services).?® Services is a strongly high-
income elastic sector. However, there is heterogeneity across exporters (i.e., across { ﬁ,ﬁ}nNzl given s).
Some countries that export negative-beta Services may export positive-beta Food or Manufacturing.
This heterogeneity in 3; across exporters within sectors is represented in Figure 6, which plots the
betas of each exporter aggregated within Food, Manufacturing and Services against exporter per
capita income. (Again note that the sum of the betas of each exporter across sectors matches
exactly the coefficients reported in column 2 of Table 1.) The pattern from the single-sector model
in Figure 1 still holds within sectors, as richer countries tend to export goods with higher income

elasticities within broad sectors.

“In total, there are 680 (=17 sectors times 40 countries) 3;, and 17 distance, language and border coefficients.
We suppress the (; for readability purposes and are available upon request. For each exporter the sum of these
coefficients across sectors, > B35, equals the exporter-specific income elasticities 3, reported in Table 1.

59Food includes “Agriculture” and “Food, Beverages and Tobacco”, services is a single sector, and manufacturing
includes the remaining 14 sectors listed in Table 1. Though the import share within services is often low, no country
is completely autarkic in services and 2.7% of world service expenditure is traded internationally. This provides the
variation in expenditure shares across exporters in services needed to identify the f;’s for services.
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5.4 Measuring The Unequal Gains From Trade with Multiple Sectors

With the parameters in hand, we can now compute the gains from trade for each percentile in
each country. As before, the gains from trade at percentile h are given by equation (41). However,
the measurement of W™ /wtrade and b}, /ytrade is now done using (47)-(52). We numerically
integrate these expressions between observed trade shares and counterfactual autarky shares which
are calculated using the procedure described in Appendix A.2.51

Figure 7 reports the unequal gains from trade with multiple sectors. As in Figure 2 from the
single-sector analysis, it shows the gains from trade for each percentile in each country as difference
from the median percentile of each country. Table 4 reports the gains from trade at the 10th,
median, and 90th percentile, as well as for the representative consumer of each country.

There are two important differences between the results under the single- and under the multi-
sector framework. First, the relative effects across percentiles are considerably larger. In the
single-sector case from Figure 2, the gains from trade (relative to the median) lie within the -5
percent to 10 percent band across most countries and percentiles, while in the multi-sector case
the range increases to -30 percent to 60 percent.’> Second, poor consumers are now predicted to
gain more from trade than rich consumers in every country, in the sense that every consumer below
the median income gains more from trade than every consumer above the median. On average
across the countries in our sample, the gains from trade are 57 percent for the 10th percentile of
the income distribution and 25 percent for the 90th percentile.?3

Despite these differences between the single- and multi-sector cases, both estimations imply
the same qualitative relationship between the pro-poor bias of trade and country characteristics.
In Figure 8, we plot the difference between the gains from trade of the 90th and 10th percentiles
against each country’s income elasticity. As in the single-sector case in the right panel of Figure
3, the difference between the gains from trade of the 90th and 10th percentiles is more negative in
countries with higher income elasticity of exports.

Why does the multi-sector estimation imply such pro-poor bias in the gains from trade? The
multi-sector model allows for two key additional margins: heterogeneity in the elasticity of substi-
tution {7} and in the sectoral betas {3*}. By construction, if we restricted the {7} and {35}

5'In the single-sector model, the autarky shares trivially equal one for the domestically produced good and zero
for all the imported goods. In the multi-sector model, there is a distribution of autarky shares across sectors. Due
to non-homotheticities across sectors (8~ # 0 in (56)), this distribution depends on the adjusted real income under
autarky, which is also computed in the numerical integration of equations (47)-(52).

%20ssa (2012) and Costinot and Rodriguez-Clare (2013) show that allowing for sectoral heterogeneity leads to
larger measurement of the aggregate gains from trade in CES environments. In our context, sectoral heterogeneity
also leads to larger measurement of the aggregate gains from trade, but we concentrate on studying the asymmetric
effects on rich and poor consumers which are specific to our framework.

53 A natural question is how the magnitude and bias of these effects compare with estimates of the impact of trade
on earnings inequality. Methodologically, the study closest to ours is Burstein and Vogel (2012) who use aggregate
trade data to estimate the effects of trade on the skill premium. They find that, on average across countries, moving
from autarky to trade increases the skill premium by 8% (Appendix Table 2 in their paper). In our case, moving
from autarky to trade on average increases the real income of the 10th percentile by 32% more than the real income
of the 90th percentile. In contrast to textbook Stolper-Samuelson effects, we also find that the gains from trade favor
the poor relatively less in lower-income countries since these countries tend to specialize in goods that low-income
consumers are more likely to purchase.
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to be constant across sectors in the multi-sector estimation, we would recover the same unequal
gains from trade as in the single-sector estimation, and Figure 7 would look identical to Figure 2.
To gauge the importance of each of these margins in shaping the unequal gains, we re-estimate the
gravity equation in (57) allowing for heterogeneity in 7, but imposing B° = 0, which shuts down
the sectoral non-homotheticities. Figure 9 shows the average gains from trade by percentile across
all countries from the single-sector model, the multi-sector model with homothetic sectors, and the
more flexible multi-sector model with non-homothetic sectors. We find that non-homotheticities
across sectors are crucial for the strongly pro-poor bias of trade, as only allowing for heterogeneity
in 74 across sectors (i.e., comparing the single-sector with the multi-sector homothetic estimation)
slightly biases the gains from trade towards rich consumers.

There are two key reasons why allowing for non-homotheticities across sectors so starkly af-
fects the measurement of the bias of trade. First, low-income consumers are predicted to spend
relatively more on sectors that are more traded, whereas high-income consumers spend relatively
more on services, which is the least internationally traded sector (recall the Engel curves plotted
in Figure 5). Second, low-income consumers concentrate spending on sectors with a lower sub-
stitution parameter ;. To visualize this, we construct, for each percentile in each country, an
expenditure-share weighted average of the sectoral gammas. Then, we average across all countries
and report the results in Figure 10.°* We see that higher percentiles concentrate spending in sec-
tors where exporters sell more substitutable goods.?® So, even though allowing for heterogeneity
in {75} does not by itself affect much the predictions for the unequal gains from trade relative to
the single-sector model (as already established by the comparison between the single-sector and
the multi-sector homothetic estimations of Figure 9), the interaction between heterogeneity in ~s
and Bs does.?®

Finally, we re-run the multi-sector gravity equation replacing % with industry-exporter year
fixed effects, as well as using final expenditures instead of total expenditures. We report the average
gains from trade across countries for each percentile in Appendix Figure A.3; the figure shows that

the qualitative message of the multi-sector analysis remains unchanged.

~ D oadi i ) ) )
*The figure reports 7" = + >, Zf,:l 575" %47, where s} is the expenditure share of percentile / in

country ¢ on goods in sector j defined in equation (A.9). By construction, both the single-sector and the multi-sector
homothetic models predict that 74" is flat across percentiles.

55The analysis in Feenstra (2010) suggests a third reason: in the single-sector model, when the economy is in
autarky then only the own good is consumed, implying that the demand system becomes homothetic for every
consumer after accounting for choke prices for the remaining goods. Therefore, to a first-order approximation, price
changes cannot have distributional effects at the autarky consumption bundle in the single-sector model. This suggests
that distributional effects may be smaller in the single-sector model than in the multi-sector model for economies
that are close to autarky.

56The positive relationship between percentiles and average ~ from Figure 10 is partly explained by the high
elasticity of the service sector. If we exclude services from the sample and re-estimate all the parameters, that

relationship is still positive and the gains from trade remain biased to low-income consumers.
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6 Conclusion

This paper develops a methodology to measure the distribution of welfare changes across hetero-
geneous consumers through the expenditure channel for many countries over time. The approach
has broad applicability as it is based on aggregate statistics and model parameters that can be
estimated from readily available bilateral trade and production data. This is possible by using
the AIDS demand structure which is a first-order approximation to any demand system and has
convenient aggregation properties.

We estimate a non-homothetic gravity equation generated by the model to obtain the key pa-
rameters required by the approach, and identify the effect of trade on the distribution of welfare
changes through counterfactual changes in trade costs. Although all consumers lose when moving
to autarky, the estimated parameters suggest stark differences in how trade affects individuals along
the income distribution in different countries. A stronger specialization in high-income elastic goods
relative to a country’s trade partners biases the gains from trade towards low-income consumers.
Using a single-sector model we find the gains from trade to be typically U-shaped with individ-
ual income, while the multi-sector analysis leads to the conclusion that the gains from trade are
typically biased towards the poor, who concentrate expenditures in sectors that are more traded.
Overall, the results demonstrate the importance of specialization across goods with different elas-
ticity, geography and non-homotheticities across sectors in shaping the unequalizing effects of trade
through the expenditure channel.

While our goal in this paper is to demonstrate the importance of accounting for demand het-
erogeneity across consumers in understanding the distributional effects of trade, we believe that a
promising avenue for future work lies in developing a unified approach that measures the impact

of trade on inequality combining both expenditure and income channels.
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A Zeros in the Individual Shares

A.1 Autarky in the Single-Sector Model

In Section 4.2, we simulate a movement from the observed trade shares in the economy, {574} to the

autarky shares S%“'*"* — 1 and Sot tarky — (0 for n # i. The restriction that the individual expenditure

i
shares $;, 5 defined in (19) are greater than zero binds in some goods for all consumers. We follow the
approach in Feenstra (2010) and set the price of these goods equal to the reservation value at which the

expenditure share predicted by (19) equals zero. Feeding these choke prices into the demand system delivers

autarky

. . . tark tark
a set piy of consumer-h specific autarky prices which ensures that s;,*""Y =1 and s}, = 0 for

all n # 4 for all goods and all consumers. Even though under autarky all consumer face the same vector of

actual prices, the welfare and the expenditure shares of consumer h under autarky can be calculated as if

autark

that consumer faced the consumer-h effective prices pj} Y. To measure the welfare change of consumer h

autarky

from the actual trade scenario to the counterfactual consumer-h specific prices Pin , it suffices to set the
counterfactual aggregate shares under autarky to
x
st — st g, (2 (A1)
where S?iu,iarky =1 and 7% "k — 0 for all n # i. By construction, the aggregate shares Sot I;Larky correspond
to the set of effective prices p;“;lmrky at which consumer h chooses the autarky distribution of expenditure

33



shares.®™ Applying the aggregate shares defined in (A.1) in place of the share {S } in the equations (28)
to (33) leads to the consumer-h effective change in the non-homothetic price index shown in (40), where

autarky

Yin results from evaluating (33) at the shares defined in (A.1) in place of the shares {SZ }.

A.2 Autarky in the Multi-Sector Model

The steps from the single-sector model in Section A.1 generalize the multi-sector model. From (44), the

expenditure share of consumer h in sector s is

s  __ s
Sih = § Sin,h
n

e (e (2)), ao

To compute the real income loss of consumer A from moving to autarky, we find a set of sectoral

Ss ,autarky

aggregate expenditure shares { b

} corresponding to the consumer-h effective autarky prices. At
n,s

these autarky prices, the individual expenditure shares must satisfy

0 ifn#1i

s autarky

in,h s,autarky Fn—=i ’ (A3)
Sih ifn=1

Combining (46) in the main text with (A.2) and (A.3) leads to
=B 1n (2 ifn#1
ana;:tarky 9( ) k —=S (A'4)
a; + Byt — (=B ) m (%) ifn=i

for s = 1,..,8. A change in trade costs that moves the representative consumer to the shares {ana;jtmky}

and the adjusted real income ya“t‘"ky brings consumer h to autarky, causing to this consumer the same
welfare change as increasing trade costs to infinity. We measure welfare changes by integrating equations
(48) to (51) from the aggregate trade shares {Sff%‘lde} and adjusted real income yfj}fde to the autarky shares

autarky

{ S ““t‘”"ky} and real income yfutmky To compute y;j

iy we integrate dy; in (52) between observed and

autarky aggregate shares,

1,autarky 52 ,autarky SS ,autarky Sl ,autarky SS autarky

autark Sil,h il,h il,h i2,h in,h
youterky _ . . dyi (185} ) - (A.5)
Sl,tr S2,t'r' SS,t'r' Sl,tr SS,t'r‘
i1 1 1 2 iN

with initial value y; ({S.S’”“de}) yirade  where dy; ({an}ns) is shown in (52). This integral can be

wm

solved numerically or, following steps similar to the single-sector model described in footnote 25, we can

autarky ( s,autarky

derive a partial analytic solution for v, available upon request). Note that the endpoints S’

in,h

are function of y““tmky through (A.4). For each of the 100 percentiles of each importer ¢ we numerically find
the value of y““tmky We iterate on its value starting from the initial condition yff,fde , then using (A.4) to
compute the shares ;%' tarhY then generating a new value using (A.5) that is used as guess for the following

iteration.

5"Note that the S““*"™*¥ are not restricted to lie in [0, 1]. They formally correspond to the shares predicted

in,h

by the equation (18) when individual i chooses the expenditure shares {sq"t‘”ky} .

in,h
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A.3 Initial Scenario of the Counterfactuals

At the estimated parameters there are percentiles h in importer ¢ for which the restriction to non-negative
shares binds from some exporters n. For these percentile-importer-exporter combinations we follow Feenstra
(2010) and set choke prices pm - Let I; p, be the set and N;j, be the number of source countries for which
the constraint to non-negative expenditure shares of percentile A in country 4 binds. The choke prices must

be such that, for all n € I, j,, the adjusted shares satisfy sfrfjh = 0. Equation (19) then implies

O:aanMﬁf”+% > I (pin) + E:ln@ﬁ%) +5nomﬂ+m<?ﬁ>. (A.6)

n'él; p n'€l;

Adding up the last equation across n € I, j, gives

; N Nh
> 71np?j?h=m > (an +ﬁnyz+ﬁn’ln<x >>+N NT > v (pin),

nEI,ﬂ,,h ’ n’eli,h ’¢I h
and using (18) we reach
TN (g, tp) = o [ 30 S+ e
N i’k N —Nin
n'€l; n > n’'€l; p

Feeding in these adjusted prices into (19) we compute the adjusted shares s/, for goods n ¢ I; ,. Using

(18) we reach

znh

dj 2 dj Th
= Su = X (ot~ ma) + 50 (2)),
n'€l;n
which, as established in Feenstra (2010), defines an adjusted AIDS for these goods. Combining the last two

equations we can write

5?7??}1 = Szn + Z Szn’ + ﬁn Z 5n’ In <'J;h> . (A?)

nEIh nelh 4

This last equation can also be written as

;zgjh = Sin + Brln < ) NN N B Z Sin/, (A.8)

n'cl;n

where the s;, in the last line refers to shares where equation (19) gives a negative number. Equation (A.8)
implies that assigning choke prices to a subset of goods I, is equivalent to a uniform redistribution of

the shares resulting from the demand system in (19), > Sin/, to the remaining N — N;j spending

n'€l;n
categories.
We follow similar steps in the multi-sector model. We set choke prices pfnadj to adjust the expenditure

shares by percentile-importer-exporter-sector in which (46) gives a negative number to sfna,‘fj = 0. Letting

s,adj __

,, be the number of exporters in sector s for which Simh =

0 for percentile h in country 4, and letting I} ih
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be the set of such goods, for all n € I}, we have

s;ﬂj: > Sh S|+ > By +85 | In (i”) (A.9)

Zhnele lhnelg 1

We apply these steps to the percentile-specific expenditure shares in the initial trade scenario before running
each of our counterfactuals (the single-sector analysis of Section 4.2 and the multi-sector analysis of Section

5.4). Specifically, we proceed as follows: i) for all n € I}, we set s (LZJ = 0; ii) for all n ¢ I7; we set

55 GZJ using (A.7); and iii) for all {f’adj } we follow the same steps as in Appendix A.2 to express the
i,n,s,

in,h

adjusted percentile-specific prices as function of aggregate shares: S’fna;fj = fnazj By In ( )

We verify that this adjustment to the individual shares does not affect the aggregate predictions of
the model by checking that, at the estimated parameters, the observed aggregate expenditure shares used
to estimate the representative-agent model (constructed under the assumption that the constraint to non-
negative shares does not bind) match the numerical aggregation of the adjusted shares across all percentiles

(some of which have a binding non-negative constraint in some shares). More precisely, the aggregate shares

{S’fn} generated by adding up the adjusted percentile-specific shares {sf;fzj in each importer-

%,M,S ’ i,m,8,h

exporter-sector (55, = 37 5 (Z . ) sf;tazj ) have a correlation of 0.99 with the observed shares {S;,}, , . (in
R’ ’ ’ 210y

both single- and multl sector models).
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Tables and Figures

Table 1: Gravity Equation Estimates

Variables (1A) (2A) (3A) (4A) (1B) (2B) (3B) (4B)
-Dy; 0.095 *** 0.043 *** 0.053 ***  0.045 ***
(0.004) (0.005) (0.006) (0.005)
Lo 0.131 *** 0.159 ***  (0.137 ***
(0.021) (0.031) (0.022)
B 0.135 *** 0.115 ***  (0.139 ***
(0.023) (0.027) (0.024)
Qx Q x
B-USA 0.063 *** 0.052 ** 0.023 0.070 *** B-POL -0.014 -0.001 -0.005 0.001
(0.023) (0.022) (0.016) (0.019) (0.013) (0.011) (0.009) (0.013)
B-JPN 0.040 *** 0.028 *** 0.027 ***  0.032 *** B-IDN -0.022 -0.023 -0.014 -0.023
(0.011) (0.008) (0.009) (0.007) (0.042) (0.032) (0.029) (0.032)
B-CHN -0.004 0.008 0.005 -0.001 B-AUT 0.004 -0.001 -0.005 0.004
(0.036) (0.031) (0.028) (0.036) (0.011) (0.009) (0.012) (0.009)
B-DEU -0.003 -0.015 -0.023 * -0.009 B-DNK -0.002 0.003 0.001 0.004
(0.010) (0.013) (0.013) (0.011) (0.012) (0.009) (0.011) (0.009)
B-GBR 0.003 0.005 0.004 -0.002 B-GRC 0.015 ** 0.018 * 0.015 * 0.021 **
(0.011) (0.013) (0.017) (0.012) (0.007) (0.009) (0.009) (0.010)
B-FRA -0.004 -0.013 -0.019 -0.009 B-IRL -0.010 -0.009 -0.004 -0.015
(0.010) (0.011) (0.012) (0.009) (0.010) (0.013) (0.015) (0.014)
B-ITA 0.008 0.006 0.002 0.006 B-FIN 0.013 0.013 0.012 0.013
(0.009) (0.006) (0.009) (0.005) (0.011) (0.010) (0.012) (0.009)
B-ESP -0.002 -0.004 0.000 -0.011 ** B-PRT -0.012 *** -0.001 0.001 -0.001
(0.005) (0.006) (0.008) (0.005) (0.003) (0.005) (0.006) (0.005)
B-CAN 0.002 -0.017 0.000 -0.031 ** B-CZE -0.010 -0.003 -0.007 -0.004
(0.011) (0.015) (0.016) (0.015) (0.006) (0.006) (0.006) (0.008)
B-KOR 0.024 * 0.006 0.019 -0.003 B-ROM -0.007 0.003 0.000 0.007
(0.013) (0.012) (0.014) (0.013) (0.019) (0.015) (0.013) (0.017)
B-IND -0.034 -0.048 -0.039 -0.048 B-HUN -0.004 0.008 0.003 0.010
(0.051) (0.042) (0.039) (0.042) (0.009) (0.012) (0.011) (0.014)
B-BRA -0.014 -0.010 -0.006 -0.011 B-SVK -0.006 0.005 0.000 0.008
(0.021) (0.017) (0.014) (0.017) (0.009) (0.010) (0.009) (0.013)
B-RUS -0.014 -0.003 -0.003 0.005 B-LUX -0.017 * -0.012 * -0.018 **  -0.006
(0.028) (0.022) (0.019) (0.023) (0.009) (0.007) (0.007) (0.010)
B-MEX -0.017 -0.029 * -0.008 -0.042 *** B-SVN -0.005 -0.002 -0.006 0.000
(0.017) (0.017) (0.013) (0.016) (0.006) (0.005) (0.006) (0.005)
B-AUS 0.032 *** 0.011 0.025 * 0.004 B-BGR -0.006 0.004 0.002 0.002
(0.012) (0.012) (0.014) (0.012) (0.018) (0.016) (0.014) (0.018)
B-NLD -0.015 -0.008 -0.013 -0.007 B-LTU -0.008 0.004 0.000 0.007
(0.011) (0.009) (0.012) (0.009) (0.011) (0.010) (0.008) (0.011)
B-TUR 0.000 0.006 0.005 0.007 B-LVA -0.004 0.006 0.002 0.008
(0.018) (0.016) (0.014) (0.017) (0.009) (0.009) (0.007) (0.010)
B-BEL -0.017 -0.025 ** -0.029 **  -0.024 *** B-EST -0.001 0.007 0.004 0.007
(0.011) (0.011) (0.015) (0.009) (0.006) (0.007) (0.006) (0.008)
B-TWN 0.024 * 0.017 0.029 ** 0.017 B-CYP 0.017 *** 0.016 ** 0.017 ** 0.018 **
(0.013) (0.011) (0.013) (0.013) (0.005) (0.008) (0.009) (0.008)
B-SWE 0.005 0.006 0.004 0.006 B-MLT 0.002 -0.006 -0.002 -0.011
(0.011) (0.008) (0.010) (0.007) (0.003) (0.010) (0.012) (0.010)
Obs 1,600 1,600 1,600 1,600
R2 0.35 0.47 0.52 0.46
Implied y 0.54 0.24 0.30 0.26

Notes: Table reports the estimates of the single-sector gravity equation. The results are split into two columns. Columns 1A and 1B report the

baseline specification. Columns 2A and 2B add language and border terms. Columns 3A and 3B replace the exporter share (Y,/Yy) in the gravity
equation with exporter fixed effects (the fixed effects are suppressed). Columns 4A and 4B use final expenditures instead of total expenditures

to construct the bilateral shares. We assume that p=0.177. The implied:\));{coefficient on D}/p is noted at the bottom of the table. Standard
errors are clustered by importer. Significance * .10; ** .05; *** .01.



Table 2: Aggregate Welfare Loss of Moving to Autarky, AIDS and translog

Aggregate Gains Aggregate Gains Gains at Median Aggregate Gains  Aggregate Gains  Gains at Median
Country (AIDS) (Translog) (AIDS) Country (AIDS) (Translog) (AIDS)
(1) (2) (3) (4) (5) (6)

AUS 1.4% 1.4% 2.0% IRL 21.9% 22.3% 21.4%
AUT 12.4% 12.5% 13.0% ITA 2.5% 2.5% 3.1%
BEL 16.3% 16.6% 15.7% JPN 0.5% 0.5% 1.2%
BGR 12.7% 12.7% 13.5% KOR 3.0% 3.1% 3.4%
BRA 0.4% 0.4% 0.9% LTU 16.0% 16.1% 17.0%
CAN 7.0% 7.0% 5.8% LUX 42.9% 43.6% 42.9%
CHN 1.2% 1.2% 1.8% LVA 10.8% 10.8% 11.7%
CYP 10.3% 10.3% 11.4% MEX 5.3% 5.3% 3.6%
CZE 14.4% 14.5% 14.8% MLT 23.8% 24.1% 23.9%
DEU 6.1% 6.2% 6.0% NLD 10.0% 10.1% 10.2%
DNK 10.4% 10.5% 11.1% POL 7.1% 7.2% 7.7%
ESP 3.5% 3.5% 3.8% PRT 6.6% 6.6% 7.3%
EST 15.0% 15.0% 16.1% ROM 8.0% 8.0% 8.8%
FIN 6.6% 6.6% 7.6% RUS 1.9% 1.9% 2.4%
FRA 3.0% 3.0% 3.0% SVK 19.1% 19.1% 19.9%
GBR 3.1% 3.2% 3.9% SVN 16.3% 16.4% 16.7%
GRC 5.3% 5.3% 6.6% SWE 8.1% 8.1% 8.7%
HUN 20.5% 20.4% 21.6% TUR 2.1% 2.1% 3.1%
IDN 1.4% 1.4% 1.3% TWN 9.5% 9.5% 10.4%
IND 0.8% 0.8% 0.3% USA 0.9% 0.9% 3.5%
Average 9.2% 9.3% 9.7%

Notes: Table reports gains from trade. The first column uses the parameters of the AIDS from column 2 of Table 1. The second column computes
welfare changes using a translog demand system; the parameters are obtained from re-running the gravity equation imposing =0 (we obtain
y=0.240). The third column reports gains from trade for the median individual.

38



Table 3: Sectoral Gravity Estimates

Sector B's from Sector B's from
Sector (p*y) Engel Curve Sector (p*y) Engel Curve
Coefficients Regression Coefficients Regression
Variables (1A) (2A) (1B) (2B)
D X QX D X QX
Agriculture 0.0010 *** -0.0218 *** Rubber and Plastics 0.0005 *** -0.0016 *
(0.000) (0.002) (0.000) (0.001)
Mining 0.0006 *** -0.0080 *** Other Non-Metallic Minerals 0.0005 *** -0.0027 ***
(0.000) (0.002) (0.000) (0.001)
Food, Beverages and Tobacco 0.0016 *** -0.0125 *** Basic Metals and Fabricated Metal 0.0019 *** -0.0031
(0.000) (0.003) (0.000) (0.004)
Textiles 0.0003 *** -0.0063 ***  Machinery 0.0009 *** -0.0028
(0.000) (0.001) (0.000) (0.002)
Leather and Footwear 0.0001 *** -0.0009 *** Electrical and Optical Equipment 0.0016 *** -0.0021
(0.000) (0.000) (0.000) (0.003)
Wood Products 0.0002 *** -0.0008 Transport Equipment 0.0011 *** -0.0033 *
(0.000) (0.001) (0.000) (0.002)
Printing and Publishing 0.0007 *** 0.0014 * Manufacturing, nec 0.0003 ** -0.0005
(0.000) (0.001) (0.000) (0.001)
Coke, Refined Petroleum and Nuclear Fuel 0.0008 *** -0.0056 *** Services 0.0293 *** 0.0753 ***
(0.000) (0.002) (0.004) (0.012)
Chemicals and Chemical Products 0.0014 *** -0.0046 ***
(0.000) (0.001)
L, x Sector-Exporter Dummies not displayed
B, x Sector-Exporter Dummies not displayed
Q; x Sector-Exporter Dummies not displayed
Observations 27,200
R-squared 0.44

Notes: Table reports the estimates of the multi-sector gravity equation. The results report sector-specific (p*y)'s, the coefficients on distance variable in columns 1A and 1B. The sum of
these coefficients exactly sums to the distance coefficient in column 2 of Table 1. The table supresses the 17 sector-specific border, 17 sector-specific language coefficients, and the 680
(=17 sectors*40 exporters) sector-exporter dummies to save space. Instead, columns 2A and 2B report the sector betas from the first stage engel curve; these betas are equal to the sum of
the sector-exporter dummies for each sector across exporters. The sum of the sector-exporter dummies for each exporter across sectors exactly equals the betas reported in column 3 of
Table 1. Standard errors are clustered by importer. Significance * .10; ** .05; *** .01.
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Table 4: Unequal Gains From Trade, Multi-Sector Case

10th 50th Aggregate 90th 10th 50th Aggregate 90th

Country  percentile  Percentile Change Percentile Country percentile  Percentile Change Percentile
(1) (2) (3) (4) (5) (6) (7) (8)

AUS 38% 18% 6% 4% IRL 58% 41% 29% 28%
AUT 61% 48% 37% 34% ITA 45% 25% 10% 7%
BEL 70% 58% 46% 43% JPN 38% 17% 3% 2%
BGR 69% 55% 44% 41% KOR 45% 26% 12% 10%
BRA 52% 18% 1% 1% LTU 84% 73% 62% 59%
CAN 55% 39% 27% 25% LUX 59% 48% 41% 41%
CHN 35% 15% 6% 5% LVA 66% 49% 34% 30%
CYP 66% 51% 37% 34% MEX 62% 37% 22% 20%
CZE 66% 55% 46% 43% MLT 80% 70% 62% 59%
DEU 50% 35% 22% 19% NLD 55% 39% 26% 22%
DNK 53% 36% 23% 20% POL 56% 37% 24% 21%
ESP 47% 28% 14% 12% PRT 62% 42% 25% 21%
EST 75% 60% 46% 42% ROM 63% 46% 33% 29%
FIN 56% 38% 24% 20% RUS 53% 30% 15% 13%
FRA 40% 24% 12% 10% SVK 78% 70% 62% 60%
GBR 48% 27% 11% 9% SVN 72% 61% 52% 49%
GRC 57% 37% 20% 17% SWE 49% 34% 23% 20%
HUN 80% 71% 64% 62% TUR 51% 26% 10% 8%
IDN 22% 9% 3% 3% TWN 67% 51% 37% 35%
IND 19% 10% 6% 6% USA 62% 29% 5.6% 3%
Average 57% 40% 27% 25%

Notes: Table reports gains from trade for the multi-sector case and uses the parameters reported in Table 3. The columns report
welfare changes associated at the 10th, 50th, the representative consumer, and the 90th percentiles.
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Figure 2: The Unequal Gains from Trade, Single-Sector
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Figure 3: Change in Non-Homothetic Price Index (Left) and Difference in Gains From Trade
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Figure 4: Change in Non-Homothetic Price Index (Left) and Difference in Gains From Trade
Between 90th and 10th Percentiles (Right) vs Distance to USA
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Figure 6: 8 by Exporter and Broad Sector Group vs GDPPC
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Figure sums betas across broad sectors for each country

Figure 7: Distribution of Unequal Gains, Multi-Sector Case
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The deviations are relative to the median individual.
The red line is the average across countries
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Figure 8: Difference in Gains From Trade Between 90th and 10th Percentiles vs Own 3, Multi-
Sector Case
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9: Comparison of Distribution of Unequal Gains, Means across Countries
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The deviations are relative to the median individual.
Figure shows averages across countries, by percentile
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Figure 10: Average -, by Percentile
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Appendix Figures

Figure A.1: Comparison of All Expenditures (Baseline) vs Manufacturing Expenditures, Average
by Percentile (Single-Sector)
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The deviations are relative to the median individual.
Figure shows averages across countries, by percentile

Figure A.2: Comparison of All Expenditures (Baseline) vs All Expenditures (with Exporter FEs)
vs Final Expenditures (Single-Sector)
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The deviations are relative to the median individual. -
Figure shows averages across countries, by percentile
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Figure A.3: Comparison of All Expenditures (Baseline) vs All Expenditures (with Exporter FEs)
vs Final Expenditures (Multi-Sector)
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The deviations are relative to the median individual. -
Figure shows averages across countries, by percentile
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