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1. Introduction

Income inequality, especially between skilled and unskilled workers,
has increased considerably over the past three decades. This observa-
tion has led to a large body of research aiming to explain these changes,
often focusing on the roles of trade and (or versus) skill-biased techno-
logical change.! Other recent work has highlighted the role of several
alternative channels in explaining these changes, such as trade and
offshoring through Heckscher-Ohlin-type mechanisms,? heterogeneous

# This paper was part of the working paper Caron, Fally and Markusen (NBER 2011,
CEPR 2012) which was divided in two, the first part published as Caron, Fally and
Markusen (2014). The work presented here is a much expanded development of the
second part and has not been published elsewhere. We thank Donald Davis, Peter Egger,
Ana-Cecilia Fieler, Lionel Fontanie, Juan Carlos Hallak, Gordon Hanson, Jerry Hausman,
Larry Karp, Wolfgang Keller, Ethan Ligon, Keith Maskus, Faiz Moosa, Tobias Seidel, Ina
Simonovska, David Weinstein, conference and seminar participants for helpful comments.

* Corresponding author.
E-mail address: fally@berkeley.edu (T. Fally) .

! Katz and Murphy (1992), Goldberg and Pavcnik (2007), Autor et al. (2015).
2 Krugman (2000}, Feenstra and Hanson (1999).
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0022-1996/© 2020 Elsevier B.V. All rights reserved.

technology adoption across firms,> changes in matching patterns
between heterogeneous workers and firms,? and quality upgrading
encouraged by trade liberalization.” While this significant body of
work concentrates on the production side of general equilibrium,
there is a smaller literature that considers shifting patterns of demand
across sectors that require different types of skills.® The sources of
these demand shifts are in some cases modeled explicitly and in others
simply taken as exogenous. Our paper relates to this demand-driven
literature, though we link characteristics of goods in consumption to
characteristics of goods in production in a very explicit way. We will
first describe our approach, and then explain how it contrasts to other
literature later in the section.

In this paper, we illustrate how income growth and reductions
in trade costs affect the skill premium when preferences are non-
homothetic. Our results rely on the correlation between income elastic-
ity in consumption and skill intensity in production across goods, shown

* Bustos (2011), Burstein and Vogel (2017).

4 Card et al. (2013), Helpman et al. (2017).

® Hallak (2010), Feenstra and Romalis (2014), Fieler, Eslava and Xu (2018).
5 Buera and Kaboski (2012), Johnson and Keane (2013).
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to be very large in Caron et al. (2014). This correlation implies that ho-
mogeneous productivity growth across sectors is no longer neutral for
the skill premium in general equilibrium. As countries grow richer,
their consumers increase their relative consumption of goods that
are more skill-intensive in production, thereby increasing the returns
to skilled labor relative to unskilled labor. The effects of trade cost reduc-
tions on the skill premium also differ when preferences are non-
homothetic and when income-elastic goods are more skill intensive:
the net skilled-labor content of trade and the effect of trade-driven in-
come growth are both different under these conditions.

To quantify these mechanisms, our analysis proceeds in three steps.
In step 1, we describe a model of production, trade and consumption in
general equilibrium. In step 2, we estimate the preference, trade cost
and technology parameters of the model. We take a cross-sectional ap-
proach which allows us to identify the role of income in explaining
shifts in consumption. In step 3, we simulate various counterfactual
equilibria to quantify and illustrate the impact of productivity growth
and trade cost reductions on the skill premium. Before proceeding, we
wish to emphasize that while we do show that non-homothetic prefer-
ences push the model's predictions closer to observed estimates of the
skill premium, our methodology does not permit us to empirically eval-
uate the contributions of growth and trade relative to the alternative
theories of the skill premium mentioned above.

The first step of our analysis is to develop a model combining non-
homothetic preferences with a standard multi-sector and multi-factor
model on the supply side. Consumption patterns are derived from
“constant relative income elasticity” (CRIE) preferences as in Caron
etal. (2014) and Fieler (2011). The supply-side structure is an extension
of Costinot et al. (2012) and Eaton and Kortum (2002) with multiple
factors of production and an input-output structure as in Caliendo
and Parro (2014). The model can be used to derive first-order approxi-
mations of the response of the skill premium to uniform changes in pro-
ductivity and trade costs, with and without taking into account the
demand for intermediate goods. These approximations help develop
the intuition behind the mechanisms and emphasize the role played
by the correlation between income elasticity and skill intensity.

In a second step, we estimate preference, trade cost and technology
parameters. Our estimations rely on the Global Trade Analysis Project
(GTAP) dataset. In order to test whether our mechanisms have quanti-
tative relevance in explaining changes in the skill premium going back
several decades, we estimate our model using version 5 of the dataset
(Dimaranan and McDougall 2002), which is based on 1997 data. GTAP
5 comprises 66 countries with a wide range of income levels, 56 broad
sectors including manufacturing and services, and 5 factors of produc-
tion including the disaggregation of skilled and unskilled labor.” This
dataset is uniquely suited to our purposes, as it contains a consistent
and reconciled cross-section of production, input-output, consumption
and trade data. However, the broad categories of goods and services
make it unsuitable for the discussion of issues related to product quality
and within-industry heterogeneity.

We follow the same estimation method as Caron et al. (2014). We
first estimate gravity equations within each sector, which allows us to
identify patterns of comparative advantage and to construct price indi-
ces across importers and sectors. We then estimate consumer prefer-
ences, adjusting for these price index differences. To account for
endogeneity, we also instrument prices with indices that do not depend
on domestic demand. This strategy allows us to estimate and identify
price and income elasticity parameters for a large range of sectors,
which is usually complicated by the lack of consistent price and expen-
diture data, as well as by endogenous prices. We find that per capita in-
come plays a crucial role in determining demand patterns across
countries and sectors. Income-elasticity in consumption varies largely
across goods and is highly correlated with skill intensity in production,

7 We also document that all central results hold for more recent data based on 2007,
GTAP8 (Narayanan et al., 2012), which covers 109 countries.

as also documented in Caron et al. (2014), with an estimated correlation
above 40-70% across all goods, whether or not we exclude services.

In a third step, we use our estimates of preferences, trade cost and
technology parameters for counterfactual simulations in general equi-
librium. Our objective is to quantitatively assess whether historical
rates of growth in income and trade liberalization may have affected
the skill premium, with a focus on the role of non-homothetic changes
in consumption. To do so, we first calibrate growth in productivity and
reductions in trade costs to match observed growth in real per capita in-
come and trade/GDP ratios between 1995 and 2010. Counterfactuals
then examine how these productivity and trade shocks affect the skill
premium, allowing for non-homotheticity in demand. Even if these
shocks are uniform across sectors, their effects are not. Qur simulation
results reveal an increase in the skill premium in almost all countries.
The increases are particularly large in the developing world, with an av-
erage of 9.3% in low-income countries. With homothetic preferences,
the model predicts a 0.6% reduction in the skill premium in these coun-
tries. For China, the model predicts a 17% increase in the skill premium;
for India, 22%; for Vietnam, 21%. The predicted increase is also substan-
tial in many African countries. Changes are on average smaller in
middle- and high-income countries, at 2.4%, but remain significantly
larger than with homothetic preferences (0.5%).

We then decompose these results to disentangle the relative contri-
butions of growth and openness to trade. To pinpoint the role of growth
in per capita income, we first re-simulate the changes in the skill pre-
mium caused by our estimated 1995-2010 productivity shocks (hold-
ing trade costs fixed at 1995 levels). Results suggest a large potential
for income growth to affect the skill premium. The strong correlation
between skill intensity and income elasticity induces a quantitatively
large shift in demand towards skill-intensive goods as per capita income
increases. This effect is quantitatively important and explains most of
the overall changes in the skill premium found in the unified counter-
factual where trade costs also change. This is particularly true for devel-
oping countries, which are rapidly transitioning out of unskilled-labor
intensive sectors such as agriculture and basic manufacturing. The in-
crease in the skill premium explained by productivity growth is 7.9%
higher with non-homothetic than with homothetic preferences in
low-income countries (9.6% vs. 1.7%). The difference is 10% in China
and 19% in India, but only 1.8% on average in middle- and high-
income countries. We show that the higher increase in low-income
countries is not primarily driven by differences in growth rates across
countries, and is robust to a number of assumptions underlying our ex-
ercise, including the choice of demand system.

Note that the main mechanism in this ‘growth-only’ counterfactual
does not rely on trade linkages and we obtain no sizable difference be-
tween closed and open economy simulations, except for a few small
open countries. On the other hand, input-output linkages play an im-
portant role. Industries upstream of skill-intensive industries tend to
be skill intensive themselves, but on average less so, such that there is
less variation in skill intensities when intermediate goods are accounted
for. Still, the correlation between skill intensity and income elasticity is
similar with or without intermediates. Thus, while input-output link-
ages dampen the link between changes in consumption and changes
in the skill premium, they by far do not eliminate it.

We then examine how preferences affect the relationship between
trade liberalization and the skill premium by re-simulating the esti-
mated 1995-2010 changes in trade costs (holding productivity fixed
at 1995 levels). We highlight and quantify four channels through
which non-homothetic preferences affect results. The first channel re-
flects how non-homothetic preferences affect predicted trade patterns
and the strength of Stolper-Samuelson forces. The standard Stolper-
Samuelson argument, which holds with homothetic preferences, sug-
gests that in countries abundant in unskilled labor, the direct effect of
trade cost reductions is a decrease in the relative demand for skilled
workers, while the reverse is true for skill-abundant countries. Our re-
sults suggest that the introduction of non-homothetic preferences into
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the model substantially moderates this prediction. As documented in
Caron et al. (2014), non-homothetic preferences lead to less trade be-
tween high- and low-income countries, and smaller net factor content
of trade in skilled and unskilled labor. This weakens the Stolper-
Samuelson effect, especially for developing countries for which the net
factor content of trade is significantly lower under non-homotheticity.

A second channel highlights the income effect of trade. As trade costs
decline, gains from trade make countries richer. Similar to the effect
productivity growth, consumption thus shifts towards income-elastic
and skill intensive goods. Simulations show that the trade-induced in-
come effect is quantitatively significant in many developing countries.
We also illustrate the role of input-output linkages (magnifying our re-
sults) and general-equilibrium feedbacks (mitigating our results), but
we find that these last two channels only moderately affect the first
two. Combined, these mechanisms suggest that non-homothetic prefer-
ences generate a higher skill premium for the same amount of trade lib-
eralization in all but the richest countries. The difference is strong in
developing countries, many of which see the negative effect of trade
on the skill premium predicted under homotheticity disappear
altogether.

Our simulated changes in the skill premium suggest that demand-
driven mechanisms may have played a quantitatively important role
in driving observed changes in relative wages — comparable in magni-
tude to other mechanisms discussed in the literature such as skill-
biased technological change (Autor et al.,, 1998). These alternative
mechanisms are likely to confound and interact with demand-side
forces and are not captured in our model, so we cannot identify the rel-
ative importance of non-homothetic preferences. Still, a simple correla-
tion exercise suggests that they might help explain patterns of historical
growth in the skill premium across countries, especially for low-income
countries where growth in both income and the skill premium has been
strongest and where the demand effect is strongest. For 40 countries,
we compare our simulated estimates to observed 1995 to 2010 changes
in the skill premium described in the WIOD dataset (used, among
others, in Cravino and Sotelo, 2019). We find that allowing for non-
homothetic preferences significantly increases the correlation between
simulated and observed changes in the skill premium. For several coun-
tries, the effect is remarkable. In China, for instance, the 17% simulated
increase relative to the homothetic case can be contrasted with the
51% increase observed in the WIOD data. In rich countries the effect is
smaller, but not negligible: the mechanism generates an increase in
the skill premium that represents about 20% of the observed increase
in the US over that period (using an estimate from Parro, 2013).

As noted at the onset, the literature on the skill premium is large.
Since we are not attempting to run a horse race among competing ex-
planations, our review of the literature is not exhaustive and omits nu-
merous papers focusing on skill-biased technical change and standard
Heckscher-Ohlin type trade mechanisms. These models and results are
clearly empirically important, but for the sake of exposition we instead
focus on work more related to our own, i.e. related to the demand side.

In the international trade literature, Markusen (2013) theoretically
identified some of the potential consumption-driven impacts on the
skill premium that we quantify. In a stylized model, he postulates that
non-homothetic preferences and a possible correlation between income
elasticity in consumption and skill intensity in production would cause
neutral productivity growth to increase the relative wage of skilled
workers. Caron et al. (2014) show that the correlation is empirically
strong and illustrate the consequences for trade patterns, trade-to-
GDP ratios, and the missing trade puzzle. Here, we examine and quan-
tify the implications of this correlation for the skill premium.®

More generally, this paper is part of a renewed interest in non-
homothetic preferences in open-economy settings in the trade

§ A working paper version, Caron et al. (2012), included some of our results on the skill
premium. The working paper had to be split in two and these results are not part of the
published version, Caron et al. (2014).

literature. Fieler (2011), Simonovska (2015), Fajgelbaum and
Khandelwal (2016) also incorporate non-homotheticities in consump-
tion, adding to a literature initiated by Markusen (1986), Flam and
Helpman (1987), Matsuyama (2000) among others. While related to
our work in terms of non-homotheticity, these papers concentrate on is-
sues other than the skill premium, such as explaining trade volumes and
patterns, and markups in relation to per-capita incomes. Matsuyama
(2019) pushes this literature further by endogenizing the relationship
between non-homothetic preferences and differential productivity
growth rates across sectors and patterns of specialization.

Conversely, work on trade and the skill premium has mostly focused
on the supply side. A few papers have confirmed Stolper-Samuelson ef-
fects for developing countries (e.g. Robertson, 2004 for Mexico, Gonzaga
et al., 2006 for Brazil), which are often at odds with the increasing wage
inequality that we observe in most countries (Goldberg and Pavcnik,
2007). Most of the recent literature on trade and the skill premium
thus aims to explain why trade may lead to a larger increase (a more
positive or less negative change) in the skill premium than suggested
by the standard Heckscher-Ohlin model. Bustos (2011) proposes a
mechanism whereby access to foreign markets triggers the adoption
of skill-biased technologies and provides supportive evidence from Ar-
gentinian firm-level data. Burstein and Vogel (2017) also examine
how the heterogeneous effect of trade across firms influences the
relative demand for skilled labor, and show that this within-sector real-
location channel can be potentially much larger than standard
Heckscher-Ohlin channels. Costinot and Vogel (2010) indicate that
poor countries facing large demand for skill-intensive goods from rich
countries might experience a positive effect of trade on the skill pre-
mium, but do not examine this claim empirically. Cravino and Sotelo
(2019) show that a reduction in trade costs leads to a relative expansion
of the service sector relative to the manufacturing sector when these
sectors are strong complements. Since service activities are more inten-
sive in skilled labor, this leads to a larger increase in the skill premium.

Non-homotheticity in consumption also plays an important role in
the literature on trade and quality (e.g. Hallak, 2010; Feenstra and
Romalis, 2014). If the production of higher-quality goods requires rela-
tively more skilled labor, the idea developed here can be applied to link
the skill premium to the demand for quality.? Opening to trade with
richer countries, as well as increasing income per capita, should lead
to increasing demand for higher-quality goods and an increase in the
skill premium. The link between quality and skilled labor is present in
the work of Fieler et al. (2018) who, without explicitly modeling final
demand, examine the effect of trade liberalization in Colombia. They
argue that opening to trade led to an increase in the demand for skilled
workers due to the increase in the quality of goods being produced.

Since our model and approach rely on shifts in the composition of
demand across sectors, at least two papers that provide strong evidence
for these shifts should be noted. In the literature examining the source
and consequences of structural change, Buera and Kaboski (2012) dis-
cuss how productivity growth leads to an increase in the skill premium.
They develop and calibrate a two-sector model in which growth leads to
a higher share of services, which are more skill intensive. They do not,
however, estimate or quantify the role of non-homothetic preferences,
nor do they discuss the correlation between skill intensity and income
elasticity beyond the two-sector approach. Our estimated income elas-
ticities tend to be larger for services sectors, but the correlation between
skill intensity and income elasticity holds even when we exclude ser-
vices. Since it holds for traded goods, the correlation also has implica-
tions for the composition of trade and can help us explain why trade
can have a positive effect on the skill premium in developing countries
relative to standard models.

Asecond paper is Johnson and Keane (2013), who examine how sec-
toral shifts in consumption influence the demand for many different

9 A very recent paper by Jaimovich et al. (2019) exploits that idea, focusing on quality
upgrading.



4 J. Caron et al. / Journal of International Economics 123 (2020) 103306

types of labor. In particular, they document the importance of demand
shifts across occupations, such as the shift towards (heavily female) ser-
vice occupations.'® However, Johnson and Keane (2013) do not model
or explain these sectoral demand shifts, a primary purpose of our paper.

Finally, a growing literature examines the differential effect of trade
on the cost of living across workers and households within a country.
This channel has been examined, among others, by Fajgelbaum and
Khandelwal (2016), Nigai (2016) and He and Zhang (2017).'! For
most countries, Fajgelbaum and Khandelwal (2016) estimate that
poor households gain relatively more from trade through cost-of-
living effects, while Nigai (2016) tends to find the opposite. He and
Zhang (2017) extend Fajgelbaum and Khandelwal (2016) to allow for
worker sorting across multiple sectors, and show that the effect of
trade on the cost of living can be quantitatively larger than the effects
on nominal income. While we acknowledge that cost-of-living effects
matter for welfare, we focus here on the channels through which
trade (and growth) affects the skill premium in nominal terms.'? Our
approach is closer to the Heckscher-Ohlin tradition of multiple factors
of production, so we can easily analyze skilled versus unskilled wages
and distinguish sectors by factor intensities, which is exactly what we
have in our data.

The rest of the paper is organized in three sections. We describe our
theoretical framework in Section 2, our empirical strategy and estima-
tion results in Section 3, and the quantitative implications for the skill
premium in Section 4.

2. Theoretical framework
2.1. Benchmark model set-up

The model closely follows Caron et al. (2014) with the same non-
homothetic preferences but a more flexible production function in
terms of skilled and unskilled workers.

2.1.1. Demand

The economy is constituted of heterogeneous industries. In turn,
each industry k is composed of a continuum of product varieties
indexed by ji, € [0,1]. Preferences take the form:

op—1

U= aQ;
X

where o\ is a constant (for each industry k) and Qy is a CES aggregate:

1 &—1 &
Q= _/ UQUk) & djp | &1
Jk=

Preferences are identical across countries, but non-homothetic if o,
varies across industries. If 0, = 0, we are back to traditional homothetic
CES preferences.'

19 parenthetically, they document a number of other facts that cast doubt on the propo-
sition that skill-biased technical change is the main culprit behind the skill premium.

1 See also Porto (2006) for Argentina, Faber (2014), Cravino and Levchenko (2016) for
Mexico, Faber and Fally (2017) for the US.

"2 Qur approach allows us to generate predictions of the change in the relative wage of
skilled vs. unskilled workers even if there is no available data on initial wages by skill cat-
egory in most of the developing countries in our sample. Adjusting for cost-of-living ef-
fects would instead require data on initial wage differences between types of workers
and the distribution within each type.

'3 These preferences are used in Fieler (2011) and Ligon (2016), with early analyses and
applications found in Hanoch (1975) and Chao and Manne (1982). To the best of our
knowledge, there is no common name attached to these preferences, so we refer to them
as constant relative income elasticity (CRIE) tastes.

The CES price index of goods from industry k in country n is

1
- (fa1 Poclie)' dj,)"% . Given this price index, individual
expenditures (P,xQ.) in country n for goods in industry k equal:

Xkt = Ay 40 o (Prge) 0% (1)

where A, is the Lagrange multiplier associated with the budget con-
1 9%
Ukil) . The in-
Oy
come elasticity of demand 1), for goods in industry k and country n
equals:

straint of individuals in country n, and o = (a”(

d log X,

Z:k'xnk'
dloge,

k.
2w Oy Xy

Tk =

(2)

(where e, denotes per capita income) which implies that the ratio of
the income elasticities of any pair of goods k and k’ equals the ratio of
. T g . . .
their ¢ parameters: ”'i" = U—" and is constant across countries. The in-

nk' K
come elasticity of any given sector, however, decreases as income in-
creases (holding prices fixed).!

2.1.2. Production

We assume a constant-returns-to-scale production function that de-
pends on several factors and bundles of intermediate goods from each
industry. We assume that factors of production are perfectly mobile
across sectors but immobile across countries. We denote by 7y, the
share of the input bundles from industry h in total costs of industry k
(direct input-output coefficient), and each input bundle is a CES aggre-
gate of all varieties available in this industry (for the sake of exposition
we assume that the elasticity of substitution between varieties is the
same as for final goods). We denote by wirthe price of factor fin country
i. Total factor productivity Zy(ji) varies by country, industry and variety.
Labor inputs, comprised of unskilled or low-skill labor (f = L) and high-
skilled labor (f = H), are combined into a CES aggregate with elasticity
of substitution p.

As is common in the trade literature, we assume iceberg transport
costs dpi = 1 from country i to country n in sector k. The unit cost of sup-
plying variety j, to country n from country i equals:

Paic(i) = Z[:PEIZ) (Citrap) Vo0 H (Wff)m H(Pm)y"“ 3)
! h

felab

where Py, is the price index of goods h in country i and >y, +
> wYin = 1 to ensure constant returns to scale in each industry k. The
cost of labor cjyqp is a CES aggregate of the wage of high-skilled and
low-skilled workers:

1
- 1011=5
Cittab = Mg Wiy © + it Wiy p]l P (4)

Parameters Ly and pi; capture the high and low-skilled-labor in-
tensity of sector k in country i, and p the elasticity of substitution be-
tween types of labor.

There is perfect competition for the supply of each variety j,. Hence,
the price of variety ji in country n in industry k equals:

Pak(i) = n“;in {Pai Ui }

We follow Eaton and Kortum (2002) and assume that productivity
Zi(ji) is a random variable with a Frechet distribution. This setting gen-
erates gravity within each sector. Productivity is independently drawn

4 Note also that CRIE preferences (and separable preferences in general) preclude any
inferior good: the income elasticity of demand is always positive for any good.
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in each country i and industry k, with a cumulative distribution:
Fi(2) = exp|—(2/z1) "]

where z;, is a productivity shifter reflecting average TFP of country i in
sector k. As in Eaton and Kortum (2002), 6y is related to the inverse of
productivity dispersion across varieties within each sector.’® As in
Costinot et al. (2012), we also allow the shift parameter z;;, to vary across
exporters and industries, keeping a flexible structure on the supply side
and controlling for any pattern of Ricardian comparative advantage
forces at the sector level.

2.1.3. Endowments

Each country i is populated by a number L; of individuals. The total
supply of factor fis fixed in each country and denoted by Vs Each person
is endowed by Vj;/L; units of factor Vj; implying no within-country in-
come inequality.'®

2.2. Equilibrium

Equilibrium is defined by the following equations. On the demand
side, total expenditures D, of country n in final goods k simply equals
population L, times individual expenditures as shown in (1). This gives:
Dy = Ln(An) ™%ty () '~ (5)
where A, is the Lagrange multiplier associated with the budget con-
straint:

I—nen = Z an (6)
k

where e, denotes per-capita income. Total demand X, for goods k
in country n is the sum of the demand for final consumption D,,;, and
intermediate use:

Xnk = an + Z thynh (7)
h

where Y,,, refers to total production in sector h.

On the supply side, each industry mimics an Eaton and Kortum
(2002) economy. In particular, given the Frechet distribution, we obtain
a gravity equation for each industry. We follow Eaton and Kortum
(2002) notation with the addition of industry subscripts. By denoting
i, as import shares and X,;, as the value of trade from country i to
country n, we obtain:

_ Xuik Sik(dnik)_e"
™ Xk Dy

m,

(8)

where S;, and @, are defined as follows. The “supplier effect”, Sy, is in-
versely related to the cost of production in country i and industry k. It
depends on the factor productivity parameter z;,, intermediate goods
and factor prices:

Suc=2i (Guaa) " T (o) ™ [T w77 9)
felab

i
with the cost of labor ¢y = UJMW L ulkHwH - P1-r asin Eq. (4).

In turn, we define &y, as the sum of exporter fixed effects deflated by
trade costs. &y plays the same role as the “inward multilateral trade re-
sistance index” as in Anderson and van Wincoop (2003):

15 Note that we also assume > & — 1 for all k to ensure a well-defined CES price index
for each industry.

16 We show in Caron et al. (2014) that we obtain very similar preference estimates when
account for the distribution of income across quintiles for a subset of countries.

Dy = Z Sik(dnix) ~* (10)

This M, is actually closely related to the price index, as in Eaton and
Kortum (2002):

1

Py = 03 (D) (11)

with A3 = {F(L]gk
O
function."”

Finally, two other market clearing conditions are required to deter-
mine factor prices and income in general equilibrium. Income for each
factor equals the sum of total production weighted respectively by fac-
tor intensity. With factor supply Virand factor price wj for factor fin
country i, market clearing for factors other than labor implies:

Vigwye = Z YigYik = Z VigXnik (12)
k nk

ﬂ &1  where T denotes the gamma

For each type of labor [ € {L,H}, factor intensity is given by:

B = ‘u”d 1_" = wayipdkl (13)
F‘rkLW P+ My Wi i’ oo
and labor market clearing imposes:
Viwy = Z BiaYranYik = Z Bita YrapX nite- (14)

In turn, per-capita income is determined by average income across
all factors:

1
ei=7 > Viwy (15)
i

By Walras' Law, trade is balanced at equilibrium.
2.3. Counterfactual equilibria

Following Dekle et al. (2007) and Caliendo and Parro (2014), the
model lends itself naturally to counterfactual simulations in general
equilibrium. By reformulating the above equilibrium conditions in
terms of changes relative to the baseline observed equilibrium, counter-
factuals can be obtained using a set of observed variables and only a few
parameters to estimate. We do so with the help of hat notation, where

7 = 7' /7 denotes the relative change for variable Z (7' referring to the
value in the new equilibrium).
In our counterfactual simulations, we will examine the impact of the

. C o~ Z . .
changes in productivity z; — j" that explain recent changes in GDP per
ik

capita. Jointly or separately, we will also simulate changes in trade costs

—— d . .
dpi = ="K in order to match changes in openness to trade.
nik
The model yields the following set of equilibrium conditions:

=0 — 1—0}

Duc=An  Pu (16)

17" Alternatively, we can generalize this model and assume that the elasticity of substitu-
tion for intermediate use differs from the elasticity of substitution for final use, and de-
pends on the parent industry. This does not affect the elasticity of the price index w.r.t.
¢ Differences in elasticities of substitution would be captured by the industry fixed effect
that we include in our estimation strategy and would not affect our estimates.
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Z an an

(17)
Z an
— 1 . .
Xnk = X_ anan + Z TthnhYnh (18)
nk h
ey B, —
Xite = Siednie — Pax - Xk (19)
- > X Xuik
Vo=t (20)
l > X
n
— e — P A =\ —OkYin
Sk=7z" (Ciktab) It H (i) hry H (Pih) o (21)
AL h
1
- 1 8]
Py = [)TZ XiteSik i 1 ‘ (22)
nk i
1
Ciab = |Bu W' ™ + By Wi F [ TP (23)
1
{; shig Citan” 1Yik]'0 for fE{LH} (24)
=" shyg Vi for fe{LH} (25)
X
Z Vipwir Wy
(26)

Z Vigwir

B Yix
2 wBierYu
k in the total returns to factor f, and By is factor intensity described in
Eq. (13) for labor and equal to vy, for other factors.

Knowing the values of variables Dy, ey, Xnk, Xnik and Viwjs in the
baseline equilibrium as well as parameters oy, 8, Y, and Pyg we can

where, in Eqs. (24) and (25), shyy = is the share of sector

solve for all changes DA,,k Ams s IS,;( S/,;( and VV,;r driven by given changes

in productivity Z;, and/or trade costs d/n;.ls
2.4. Implications for the skill premium

In this section, we illustrate how productivity growth and trade can
affect the relative returns to factors if demand is non-homothetic and
there is a systematic relationship between preference parameters and
factor intensities.

2.4.1. Productivity growth and the skill premium

When skill intensity and income elasticity are correlated across in-
dustries, productivity (TFP) growth has a positive effect on the skill pre-
mium through the composition of consumption. The intuition is simple.
As productivity increases, people become richer and consume more

'8 We solve this system in three iterative steps. In a first step, taking income and factor
prices as given, we use Eqs. (21), (22) and (23) to solve for prices. Then, in a second step,
given the change in prices from step 1, we use Egs. (16) to (20) to solve for demand, trade
and production. In a third step, we adjust for changes in factor prices and income using
(24) to (26). We iterate these three steps until convergence is achieved.

goods from income-elastic industries which are, as we show, more
intensive in skilled labor.'® This increases the demand for skilled labor
relative to less skilled labor and increases the relative wage of skilled
workers. On the contrary, with homothetic preferences, uniform
productivity growth is neutral for the skill premium.

To develop intuition, we derive first-order approximations of the
response of the skill premium to changes in productivity, assuming uni-
form growth in all countries and all sectors. In the quantitative section,
we will show how these approximations compare with estimates of
changes in the skill premium obtained from general equilibrium simu-
lations. The complete derivation of these approximations can be found
in Appendix B.

2.4.2. Autarky without intermediate goods

If countries are in autarky and intermediate goods are ignored, all
changes in production can be traced back to changes in domestic con-
sumer demand. Holding nominal GDP constant (normalization), a ho-
mogeneous productivity increase z leads, as a first approximation, to a
homogeneous change in prices ﬁ;k ~ 7L Using Egs. (16) and (26),
we obtain that the changes in demand, and therefore production, in
country n and sector k are simply given by the income elasticity 1},: log

Iﬁ =~ (1),,—1) logz. We can then obtain a simple expression for the

- . LW . -
elasticity of the skill premium, W”H, to a TFP increase z:

nL

Wt 1 . H gL\,
log(wnL) ~ - logz Ek (st st ) Th (27)
 Bus¥ou : ,
where shf!, = is the share of sector k in the total skill labor

Z ¥ By Y e

employment in country n (and sh’, refers to the share of unskilled
workers in sector k), and 1), is the income elasticity in sector k,
country n. In this expression, the effect on the skill premium
is deflated by an adjusted elasticity of substitution between labor
types p; = p—(p—I)Zk(shg‘;—shfk),ﬁim, which is very close to p for
most countries (and always smaller than p given the positive correla-
tion between skill intensity and income elasticity).

We can see that this term is positive if income elasticity 1), is corre-
lated with the demand for high vs. low-skilled labor (the term in shil, —
shk,) across sectors. In that case, growth in TFP generates an increase in
the skill premium.

This first-order approximation neglects the feedback effect of the
changes in the skill premium on relative prices across products. When
the skill premium increases, the relative price of skill-intensive goods
increases, decreasing the relative demand for these goods and thus
the relative demand for skilled workers. Our general equilibrium simu-
lations indicate that this feedback effect is small and can be neglected in
a first-order approximation. This equation provides a good approxima-
tion of the skill premium increase even if labor is not the only factor of
production—we also consider capital, land and other natural resources
in our simulations to confirm this. Finally, let us also point out that
this relationship would hold with income elasticities derived from any
other type of preferences as a first-order approximation: the structure
imposed on the model only matters for large changes and for the esti-
mation of income elasticities.

[nput-output linkages and trade can also affect the relationship
between income elasticity and the demand for skills, and can be approx-
imated as described just below.

!9 This assumes that the evolution of income is not driven by an accumulation of skills,
which could of course mitigate the increase in the skill premium.
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2.4.3. With trade in final and intermediate goods

Under the assumption that the productivity increase z augments all
factors of production in all countries2° the change in price P, still cor-
responds to 27! when we neglect the feedback effect of wages on

prices.2! Similarly, we obtain that S,k ~ 7% for each exporter i in indus-

- . Xnik
try k, which implies that trade shares 3, = ¥
nk

bining Egs. (18), (19) and (20), we can now account for trade and
international production chains. The changes in production and de-
mand satisfy:

YiVu = Z i Dot Do + Z Z it ViYnh Yo (28)
n h n

Coefficients myyyni (direct requirement coefficients) reflect the
value of inputs from industry k and country i required for the production
of one unit of output in sector h and country n. The matrix containing
these coefficients is a standard modeling tool to account for input-
output linkages (Miller and Blair, 2009; Johnson, 2014). If we denote
this matrix by G, the coefficients of the matrix (I — G) ', also called
Leontief total requirement coefficients, can then be used to link changes
in output to changes in final demand (see appendix for additional
details):

Z mthnthh (29)
nh

where i is the value of inputs from i in sector k needed for each
dollar of final good h consumed in country n. Using this result and
Yie = > nYiohDnn we can then express the difference in the changes
in wages between skilled and unskilled workers as a function of the
changes in final demand, and therefore as a function of income elastic-
ities in downstream sectors, following the same first-order approxima-
tion as above:

Wi - L\ Yadik Dnny =
log (W_nl) =5 ’; (sh shik) —— logDy, 5
flogz > (shix—s )L‘“"ﬂ( "y

k.h.n

This generalizes Eq. (27) to account for international trade and inter-
mediate goods: a country's skill premium will increase if a sector's de-
mand for high vs. low-skilled labor (the term in sh'h, — shi,) is
correlated with the average income elasticity of all its downstream sec-
tors, in all countries.

2.4.4. Trade cost reductions and the skill premium with non-homothetic
preferences

How does a reduction in trade costs affect the skill premium? Stan-
dard models of trade such as the Heckscher-Ohlin model have focused
on the supply side and ignored any role for the demand side in expla-
ining the changes in the skill premium. Here we discuss how the struc-
ture of preferences may affect these results relative to a similar structure
where we impose homothetic preferences.

In a similar fashion as above for productivity and the skill premium,
we can provide a first-order approximation of the effect of trade cost re-

ductions d on the skill premium (additional details are provided in the

appendix) by neglecting second-order terms in (log[i)z. The decomposi-
tion isolates the direct effect of changes in trade costs and the direct

20 Note that in our simulations, we will allow for productivity increase to vary across
countries.
21 Holding world nominal GDP constant as our normalization.

effect of changing consumption patterns from the remaining general
equilibrium effects. Combining Eqs. (25) for factor prices, (20) for
production and (19) for bilateral trade, we obtain:

1 1
()= h Tl o

k

Direct effects

1 ik D =~ 1—0y
e e I

ik

Effects on final demand

1 Wik YirYuh | 57
A ) [ >

nh ik

10 linkage effects
+537 (si—shi)
Pi k

34)
Xk Mnik Xk (
S (5) 5 (55

! J

Effects on multilateral resistance

where NX;, denotes net exports in sector k from country i, and where we
recall that m,;, denotes the share of demand in country n in sector k that
is imported from country i. In these expressions, X and Y, are fitted
expenditures and production that are constructed based on consump-
tion patterns derived from either homothetic or non-homothetic
preferences.

The decomposition described by Eqs. (31) through (34) can be used
to illustrate several mechanisms through which consumption patterns
and trade costs affect the demand for skills. The first term captures the
direct incidence of trade costs on production, ignoring changes in con-
sumption patterns and other general-equilibrium effects, while the re-
maining terms capture indirect effects. The second term captures the
effect of changes in the composition of final demand caused by changes
in income and prices. The third term captures the effect of changes in in-
termediate demand through input-output linkages. The fourth term
captures changes in multilateral-resistance terms, e.g. adjustment in
factor costs (in origin countries) and competition (in destination coun-
tries). As we will show, the quantification of all of these terms depends
on preferences being homothetic or non-homothetic.

The first term, which we could call the Stolper-Samuelson effect,
reflects the most direct effect of trade costs on production, and de-
pends crucially on net export NXj, relative to production. In particu-
lar, it reveals that trade cost reductions will lead to a larger increase
in the skill premium in countries in which the sectors that employ
the largest shares of skilled workers (with high sh!f — sh%) have
the highest net export ratios NX;/Yj.. As we will illustrate, net export
ratios, which depend on fitted export shares, depend not only on the
supply side (comparative advantage) but also differ substantially
across specifications on the demand side. With non-homothetic
preferences, poor countries consume relatively less skill-intensive
and income-elastic goods than other countries, and thus have higher
net exports for these goods. Conversely, they have relatively lower
net exports in income-inelastic and less skill-intensive goods. A con-
sequence is that a reduction in trade leads to proportionally larger
increases in the production of skill-intensive goods relative to the
homothetic case in poor countries. In rich countries, the opposite
should hold.

In the case where the trade elasticity 6, = 6 is homogeneous across
sectors, one can further rewrite the direct effect as a function of the net
factor content in unskilled vs. skilled workers. The first term becomes:
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H L
Direct effects ~ — (NCTI» N(T‘) logd (35)
i \ Vin Vi
Ncr!
where v L denotes the net factor content of trade of country i in
if

1]
factor f € {H, L} (skilled or unskilled labor) relative to its factor supply.
As shown in Caron et al. (2014), non-homothetic preferences lead to a
smaller content of trade in skilled labor for high-income countries and
a smaller content of trade in unskilled labor in low-income countries.
This implies that the Stolper-Samuelson effect is weaker.

Another direct impact of trade cost reductions on the skill premium
can potentially stem from differences in tradability and trade elasticities
across sectors. If skill-intensive sectors have higher elasticity of trade to
trade costs 0 or higher export shares, they would expand relatively
more after a reduction in trade costs, and the demand for skills would
increase with trade openness. Hence, we will later examine whether
trade shares 1 — m;, or 6 are correlated with skill intensity and income
elasticities (Section 3.4).

The remaining channels in the decomposition relate to different
ways in which the model's endogenous variables react to the reduction
in trade costs. The second channel identifies the role of trade-induced
income and price effects in final demand described in (32), leading to
changes in consumption patterns across industries. We use it to identify
the role of changes in real income. As a country and its neighbors open
to trade, their income increases, A,, decreases, and consumption shifts
towards income-elastic and skill-intensive goods. This mechanism is
the same as was highlighted in the previous section on the effect of pro-
ductivity growth. While price effects remain present under homothetic
preferences, income effects disappear.

The third term in (33) captures the relationship between the skill
premium and changes in the demand for intermediate goods. Skill-
intensive sectors tend to require inputs that are skill-intensive as well
(albeit less so, on average), so differences in demand patterns caused
by non-homothetic preferences can potentially magnify both the direct
effect and the final demand effect through input-output linkages.?

Finally, the fourth “multilateral-resistance” term (34) reflects
changes in the supplier term Sj (outward multilateral resistance
index) and buyer term ng (inward multilateral resistance index), and
captures general-equilibrium feedback on wages and other prices
(Anderson and van Wincoop, 2003). This feedback effect generally
dampens the effect of trade. For instance, a higher skill premium leads
to relatively higher costs in skill-intensive industries, as well as lower
exports in these industries, which mitigate the skill premium increase.

3. Estimation

We now discuss the data and the estimation of the key parameters in
the model. The estimation here closely follows Caron et al. (2014), al-
though with different datasets and a number of additional robustness
checks.

3.1. Data

Our empirical analysis is mostly based on Global Trade Analysis Pro-
ject (GTAP) data. Unless otherwise indicated, model estimation and
simulations rely on version 5 (GTAP 5) of the dataset (Dimaranan and
McDougall, 2002), which describes 1997 data.?> As noted earlier, we
also test the robustness of our results by re-estimating all parameters

22 Note that we assume Cobb-Douglas production functions, which implies constant
input-output requirement coefficients. Additional effects on the skill premium can be ob-
tained by assuming strong complementarity between manufacturing goods and services,
as described in Cravino and Sotelo (2019).

23 This is the earliest version of the dataset that includes a disaggregation of skilled and
unskilled labor.

using version 8 of the dataset (Narayanan et al.,, 2012), which is based
on 2007.24

Both versions of the dataset contain consistent and harmonized pro-
duction, consumption, endowment, trade and input-output tables for
57 sectors of the economy,? 5 production factors, and 66 countries
(109 countries in version 8). The set of sectors covers both manufactur-
ing and services and the set of countries covers a wide range of per-
capita income levels. Demand systems are estimated over all available
countries using final demand values based on the aggregation of private
and public expenditures in each sector.

The GTAP dataset provides country-specific input requirement
coefficients, including intermediate demand and demand for capital,
high- and low-skilled labor, land and other natural resources. To limit
cross-country variations in results, we use average input shares to cali-
brate our benchmark simulation model (average weighted by each
country's share of global factor demand), but our results are similar
(slightly stronger) when we use country-specific input shares (see
Section 4.6).

In addition to the GTAP trade data, estimating the gravity equations
requires a set of bilateral variables describing physical distance, com-
mon language, access to sea, colonial link and contiguity, which we ob-
tained from CEPII (www.cepii.fr).2® Dummies for regional trade
agreement and common currency are from de Sousa (2012).

Among other model parameters, all but one will be estimated. The
elasticity of substitution between skilled and unskilled labor, p, is in-
stead calibrated at a value of 1.4, as estimated by Katz and Murphy
(1992). We discuss the role of this parameter and robustness of results
in Section 4.6.

Finally, Section 4.5 compares our simulation results with observed
changes in the skill premium. While a number of data sources and pa-
pers provide scattered estimates of these changes, a systematic compar-
ison requires a harmonized dataset of skilled and unskilled wages across
time and countries. We use the WIOD dataset (see Timmer et al., 2015;
Timmer et al., 2016), which, to our knowledge, provides the longest and
widest consistent panel for this purpose. It comprises 40 countries, all of
which are also in the GTAP5 dataset, allowing for an easy match with
our simulated results.?” These data have been used, for instance, by
Costinot and Rodrguez-Clare (2014) and Cravino and Sotelo (2019).

3.2. Estimation strategy

The value of final demand in an industry is determined as in Eq. (5)
or equivalently Eq. (1) for individual expenditures x,;, = % In log, the
n

model provides:
logx,y, = —0Oy.logh, + logas  + (1—0y).logPyy (36)

where s,  is a preference parameter which varies across industries

24 The latest available iteration of GTAP data (version 9, 2011 data) includes a different
(redefined) disaggregation of labor types, making it difficult to map onto skilled and un-
skilled labor to directly compare with previous datasets.

% some sectors in GTAP are used primarily as intermediates and correspond to ex-
tremely low consumption shares of final demand. Six sectors for which less than 10% of
output goes to final demand (coal, oil, gas, ferrous metals, metals n.e.c. and minerals n.e.
¢.) are assumed to be used exclusively as intermediates and are dropped from the final de-
mand estimations. We also drop “dwellings” from our analysis, as this sector is associated
with no trade and large measurement errors in consumption and factor intensities.

%6 Distance between two countries is measured as the average distance between the 25
largest cities in each country weighted by population. Similarly, internal distance within a
country is measured as the weighted average of distance across each combination of city
pairs. See Mayer and Zignago (2011).

27 Note that the GTAP5 dataset provides labor shares for skilled vs unskilled workers in
terms of the total wage bill but does not provide average wages. WIOD provides disaggre-
gated skilled and unskilled average labor wages up to 2009. Note also that WIOD provides
three levels of skills. We aggregate medium and high-skill together in order to better
match the definition of skilled labor in GTAP.
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only. In addition, final demand should satisfy the budget constraint de-
termining the Lagrange multiplier A,,: a higher income per capita is as-
sociated with a smaller A,,.

If there were no trade costs, the price index P, would be the same
across countries and could not be distinguished from an industry fixed
effect. If, in richer countries, consumption were larger in a particular
sector relative to other sectors, the estimated ¢, would be larger for
this sector. Since trade is not costless, estimated income elasticities
would be biased if we did not control for the price index Py, (to capture
supply-side characteristics). As richer countries have a comparative ad-
vantage in skill-intensive industries, the price index is relatively lower
in these industries. Conversely, poor countries have a comparative ad-
vantage in unskilled-labor-intensive industries and thus have a lower
price index in these industries relative to other industries. When the
elasticity of substitution between industries is larger than one, these dif-
ferences in price indices affect the patterns of consumption. If we were
not controlling for Py, we would overestimate the income elasticity in
skill-intensive sectors.

We thus proceed in two steps. The main goal of the first step is to
obtain a proxy for the price index logP,;. According to equilibrium
condition (11), logP,,, depends linearly on logd,,, which itself can
be identified using gravity equations. Gravity equations by sector
are derived from Eq. (8). Specifying trade costs logd,,;; as a linear
combination of trade proxies, we obtain our first-step estimation
equation:

Xoik = exp|FXie + FMue — > BrarkTCvarni — BporderieOnei + &g

var

(37)

where the set of variables TC,q, i refers to trade costs proxies: log
physical distance between countries n and i, dummies for common
language, colonial links, contiguity (equal to one if countries i and
n share a common border), free-trade agreements, common cur-
rency and common legal origin (additional details are provided in
appendix). Following Waugh (2010), we also include a dummy &;,.;
for international transactions allowing for an exporter-specific bor-
der effect denoted by Pporderik- As in Silva Santos and Tenreyro
(2006) and Fally (2015), we estimate Eq (37) using the Poisson
pseudo-maximum likelihood estimator (PPML).

Following the model structure and using our estimates, we can then
construct:

(i)nk = Z exp (ﬁik Z ﬁ var,kTC var.niBborder,ikan*f) (38)
i

var

Notice that, if country n is close to an exporter that has a comparative
advantage in industry k, i.e. an exporter associated with a large exporter

fixed effect FX; (large Sy, our constructed &, will be relatively larger
for this country, reflecting a lower price index of goods from industry
k in country n.

In a second step, we estimate the final demand Eq. (36) using @,
which is rewritten as:

(0, —1)

o logdn. + &n, (39)
k

logxy, = —Oy. l0ghn + a3 +

where o is an industry fixed effect and A, is the Lagrange multiplier
associated with the budget constraint which must hold, i.e. such that
D WXnk = e, (using observed per capita income e,,). While the coefficient
(0c—1)
B
identified. We therefore allow 6, to vary across sectors but we impose
its average to equal 4, a standard calibration value in the trade literature

for logd,y, helps identify the ratio , the level of each term is not

(Simonovska and Waugh, 2014).2 We estimate Eq. (39) by constrained
non-linear least squares.

Using our estimates of 0, income elasticities can then be retrieved
as:

L 2k X

Mok = O = 40
Ink k Zk'Uk' X ( )

given that the weighted average of income elasticities must equal one
(Engel aggregation).

We provide more detail regarding the estimation procedure in the
appendix, along with alternative specifications to examine the robust-
ness of our estimates. The first alternative specification disregards the
budget constraint in our estimation, i.e. estimates Eq. (39) without im-
posing the sum of fitted expenditures to equal the sum of actual expen-

ditures. The second instruments logd,, by an alternative measure

. LW : .
based only on foreign markets, i.e.: Dy = >y exXp(FXig— 2 var vark
TC Vﬂ,,n;—,@bommk) summing across i # n. This leaves out each country's

own exporter fixed effect P/)?,,k, which may be endogenously related to
final expenditures x,;. The third alternative specification estimates in-
come elasticity in reduced form, approximating the log of the Lagrange
multiplier by a linear function of the log of income per capita: logh, ~
— vlog e,,. This approach only allows us to identify &7, up to a constant
term v, but one can see that this constant drops out of Eq. (40): the im-
plied income elasticities estimates are scale invariant. Finally, we have
also re-estimated (39) by calibrating 6, = 4 across all sectors, thereby

imposing an additional constraint on the coefficient of logci)nk in
Eq. (39).

3.3. Parameter estimates

3.3.1. Gravity

Parameters estimated from Eq. 37 are in line with the gravity litera-
ture and described in Appendix C (Table A.1 presents summary statis-
tics). Coefficients on distance and the other bilateral of trade
determinants are of the expected sign and magnitude and significant
in most industries. The estimates imply an important role for geography
in explaining relative prices. Proximity to countries with a comparative
advantage in certain industries leads to significantly lower relative

prices in these industries. These effects are captured in the &, terms,
which vary greatly across countries and sectors.?’

3.3.2. Preferences

Table 1 describes our income elasticity estimates by sector (evalu-
ated at mean income), as well as differences in skill intensity across sec-
tors. Estimates range from nearly zero for cereal and grains to 1.412 for
insurance, with a clear dominance of agricultural sectors at the low end
and service sectors at the high end. Half of the estimates are significantly
different from unity (P-value <0.05), with standard errors between 0.05
and 0.2 for most sectors.>® We confirm the results from Caron et al.
(2014): non-homotheticity is economically and statistically significant.
It reduces by 24.2% the variance left unexplained with a homothetic
preference specification with oy, = o, and the F-stats associated with

% Inour estimation, the coefficients for log<,, equal 0.4 on average. This implies that oy,
lies around 2 for most sectors. Note that the level of sigmas does not affect the computa-
tion of income elasticities, as described in Eq. (40). Note that while CRIE preferences imply
an explicit link between price and income elasticities, in Section4.6 we examine the ro-
bustness of our results by using Comin et al. (2015) preferences, which results in an esti-
mated elasticity of substitution of 0.76 across sectors.

29 The standard deviation of demeaned logd, is 1.22, taking the residual of a regression
of logd,, on country and sector fixed effects.

3% Two sectors have standard deviations between 0.2 and 0.3: gas and wheat.
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Table 1
Estimated income elasticity by sector (a star adjacent the sector code denotes service
sectors).

GTAP Sector name Skill Income Theta Export
code intens.  elast. O share
pdr Paddy rice 0.063 0.370 1.534 0.015
v f Vegetables, fruit, nuts 0.088 0.562 1.528 0.124
ch Sugar cane, sugar beet 0.088 0.620 10.029 0.002
wol Wool, silk-worm cocoons 0.093 0.265 0.993 0.119
wht Wheat 0.104 0.246 3.130 0.228
ocr Crops nec 0.106 0.864 1.318 0.270
osd Oil seeds 0.111 0.561 1.674 0.231
pcr Processed rice 0.120 0.549 0.993 0.054
oap Animal products nec 0.124 0.223 1.069 0.058
rmk Raw milk 0.131 0.596 0.993 0.001
fsh Fishing 0.135 0.683 1.770 0.078
for Forestry 0.141 0.363 1.252 0.099
gro Cereal grains nec 0.141 0.000 0.993 0.155
pfb Plant-based fibers 0.150 0.426 14355 0.241
ctl Cattle, sheep, goats, horses 0.176 0.189 1.069 0.039
sgr Sugar 0.195 0.502 2275 0.145
lea Leather products 0.198 1.016 2491 0.408
omt Meat products nec 0214 1.054 2.039 0.126
vol Vegetable oils and fats 0219 0.584 1.801 0.233
cmt Bovine meat products 0223 1.069 3.571 0.106
wap Wearing apparel 0.230 1.024 3.204 0.309
tex Textiles 0.230 0.814 1.069 0.296
mil Dairy products 0.236 1.023 2.762 0.131
lum Wood products 0.248 1.074 2.628 0.209
ofd Food products nec 0.263 0.831 1.943 0.127
omf Manufactures nec 0274 1.022 2.864 0.269
b t Beverages and tobacco 0.283 0.761 4364 0.097
otp*® Transport nec 0294 1.061 1.710 0.083
cns* Construction 0302 0.832 16.036  0.009
atp” Air transport 0302 1.059 3.966 0.380
trd Trade 0.304 1.090 4916 0.021
wtp* Water transport 0315 1.055 1.292 0.353
mvh Motor vehicles and parts 0335 1.093 5.758 0.297
ppp Paper products, publishing 0.337 1.072 4,629 0.125
otn Transport equipment nec 0344 1.027 1.069 0378
p.c Petroleum, coal products 0346 0.780 16.036 0.114
crp Chemical, rubber, plastic 0355 0.909 1.624 0.252
ely* Electricity 0.366 0.943 16.036  0.020
wtr* Water 0.368 0.968 5519 0.006
gdt* Gas manufacture, 0.369 1.057 16.036  0.025
distribution
ome Machinery and equipment 0374 0.931 3.552 0.408
nec
ele Electronic equipment 0378 1.205 14364 0463
ros* Recreational and other srv 0.482 1.171 1.807 0.029
obs™ Business services nec 0.491 1.209 7.430 0.065
cmn”® Communication 0.495 1.174 4.794 0.034
osg” Public spending 0.499 0.994 1.368 0.017
isr* Insurance 0.522 1412 1.276 0.052
ofi* Financial services nec 0.534 1.132 5.063 0.019

Notes: Estimates of income elasticities and theta 8, based on the benchmark specification;
income elasticities evaluated using average country expenditure shares; skill intensity
based on total requirements; export share is the sector average of the export share
across countries.

imposing common oy’s across industries clearly reject homotheticity
(F-stat equal to 11.74, all P-values <0.001).%!

We also examine several alternative specifications, all described in
detail in Appendix D and illustrated in Fig. A.1. We find our benchmark
estimates to be robust to: removing the budget constraint as a con-
straint in our estimation (given the large variations in per capita in-
come, introducing error terms in the budget constraint does not
affect results); estimating demand in reduced-form, approximating
logA,, by a linear function of (log) per capita income (in our benchmark
specification, Lagrange multipliers and per capita income are highly
correlated); imposing 6, = 4 in all sectors, instead of treating it as

3! The Akaike (AIC) and Bayesian (BIC) information criteria also favor the specification
allowing for non-homotheticity.

parameter to be estimated. We also address potential endogeneity in

logd,,, instrumenting by an alternative measure based only on foreign
markets, taking the sum of exporter fixed effects across all other coun-
tries but excluding its own market (Appendix Fig. A.2).

Aside from these alternative estimations of Constant Relative In-
come Elasticities (CRIE) preferences, we have also estimated prefer-
ences as in Comin et al. (2015), which impose a common price
elasticity «racross sectors while allowing for different income elasticities
of demand. Again, income elasticity estimates remain similar (see Fig.
A.3 in appendix). We also refer to Caron et al. (2014) for a comparison
between CRIE, LES (Stone Geary) and AIDS (Deaton and Muellbauer,
1980) preferences. While LES yields much smaller differences in income
elasticities across sectors, estimates based on AIDS are fairly similar to
CRIE (the rank correlation is higher than 85% between any two of
these specifications).

3.4. Empirical regularities

3.4.1. Correlation between income elasticity and skill intensity across
sectors

As discussed in the theory section, this correlation plays a crucial role
in determining the impact of productivity growth and trade on the rel-
ative demand for skilled labor. The correlation is illustrated in Fig. 1,
with additional regression statistics reported in Appendix Table A4.

Our measures of skill intensity correspond to the ratio of skilled labor
to total labor input, excluding (‘direct’) or including (‘total’) labor re-
quired to produce intermediate inputs to each final good. As in Caron
et al. (2014), we find a strong and significant correlation between in-
come elasticity and ‘direct’ skill intensity of 77.9% (p-value <0.001).
Tracking input-output linkages to compute ‘total’ skill intensity coeffi-
cients, which include ‘indirect’ factor usage, yields a similarly large cor-
relation with income elasticity of 77.3%. This is consistent with the fact
that skill-intensive final products tend to rely on intermediate goods
that are skilled-labor intensive themselves, as also documented in
Voigtlander (2014). However, the figure also reveals slightly less
cross-sector variation in total skill intensity than in direct skill intensity
(standard deviation of 0.13 instead of 0.17): intermediates upstream of
skill-intensive sectors are indeed more skill-intensive than the average
sector, but they tend to be relatively less skill-intensive than their
downstream counterparts. This will explain why intermediate good
linkages dampen the link between consumption patterns and factor
demand.

Part of the large correlation between income elasticity and total skill
intensity is explained by the composition of consumption into services
vs. manufacturing industries, with services being generally associated
with a larger income elasticity. However, the correlation remains high
(72.3%) even after excluding service industries. The correlation also re-
mains large and highly significant once we control for capital and natu-
ral resource intensity (see Appendix Table A.4). Finally, the correlation
remains above 50% when using alternative specifications for the estima-
tion of CRIE preferences (imposing 6, = 4, instrumenting logd>,;, using
a reduced-form approximation, etc.) as well as when using alternative
preferences such as AIDS, LES or implicitly-additive preferences as in
Comin et al. (2015).

3.4.2. Correlation between income elasticity and other factor intensities

It is interesting to note that capital intensity is positively correlated
with income elasticity, as found by Reimer and Hertel (2010), but this
correlation is much weaker than with skill intensity (less than 10% in
most specifications) and not robust to controlling for skill intensity
(see columns (2) and (4) of Table A.4). In our framework, this implies
that growth should not greatly affect the returns to capital relative to
wages. However, income elasticity tends to be negatively correlated
with intensity in natural resources (including land), which supports
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Fig. 1. Correlation between income elasticity and skill intensity. Total skill intensity includes indirect demand for labor, direct does not. The standard deviation in total intensities is 0.13;
the standard deviation in direct intensities is 0.17. The coefficient of correlation between income elasticity and total skill intensity is 0.773 with a robust standard error of 0.085 (p-value

<001, n =49).

the Prebisch-Singer hypothesis and implies that a growth in income per
capita would lower the relative price of natural resources.

3.4.3. Correlation with trade shares

Another potential determinant of the incidence of trade costs on the
skill premium is the correlation between trade shares and skill intensity
across sectors. A decrease in trade costs leads to an decrease in the rel-
ative price of traded products, and therefore a change in the relative em-
ployment share of sectors, depending on the elasticity of substitution
among sectors. Here we examine the cross-sectoral correlations be-
tween skill intensity and average export shares (1 — Xiu/Yix) (averaged
across countries).

Burstein and Vogel (2017) document that skill-intensive sectors
tend to be more traded, but do not consider service sectors. In our
data, we find that the correlation depends crucially on the inclusion of
service sectors. If ignored, the correlation is positive at +30%. Once we
include services, however, the correlation is considerably reduced,
weakly negative (—6%) and no longer significantly different from zero
(see Appendix Fig. A.7).

Similar patterns are observed for the correlation between average
trade shares and income elasticities. Looking across all sectors, the cor-
relation is positive but not significant (15% correlation). When we ex-
clude services, it jumps to 35%.

4. Quantitative implications for the skill premium

As argued in Section 2.4, non-homothetic preferences may help explain
why the skill premium has been increasing for a large number of countries.
In this section, we use our general equilibrium model to quantitatively es-
timate how historical changes in real per capita income and openness to
trade may have affected the skill premium. Our primary objective is to ex-
plore the potential for non-homothetic preferences to affect this response.
Separate counterfactuals then decompose results into the effect of growth
and the effect of trade. In each case, we also use the approximations

provided in the theory Section 2.4 to further decompose the role of prefer-
ences, intermediate goods and trade patterns.

4.1. Calibration

Our main ‘unified’ counterfactual consists of adjusting total factor
productivity (TFP) and trade costs simultaneously such that the model
matches historical rates of real income growth and trade openness for
the 1995-2010 period (a period which will allow us to compare our re-
sults with observed changes in the skill premium compiled from the
WIOD dataset).

More specifically, we use the GTAP5 dataset to calibrate the model,
then solve it*2 allowing all endogenous variables as well as two otherwise
exogenous parameters, zy (TFP) and Byorderix (exporter-specific border ef-
fects) to adjust until the counterfactual equilibrium matches targeted (ob-
served) changes in real per capita GDP and exports/GDP.>* Changes in
both variables are taken from the Penn World Table version 9 (Feenstra
et al,, 2015). The adjustments in both zj and Puorderix are allowed to
vary across countries but not across sectors, in order to avoid changes in
sectoral composition that are not directly driven by demand.

Appendix Table A3 reports the targeted changes in per capita GDP
and export/GDP ratios, the implied shocks to productivity and trade
costs, and the resulting changes in the skill premium for all countries.
On average, real per capita GDP (our proxy for real income) increased
by 69% in the 66 countries of our sample, with growth ranging from
6% (Japan) to 175% growth (China). Growth was strongly biased in
favor of low-income countries.>* There also have been substantial but
heterogeneous changes in export/GDP ratios (largest in low-income

32 The model is formulated in GAMS and solved by the non-linear PATH solver.

33 We chose to target export/GDP ratios because trade affects the skill premium primar-
ily through its changes in the relative supply of goods.

31 Implied changes in TFP (Z) are strongly correlated with these changes in real GDP per
capita (0.87), but are slightly lower in level (average of 60%), as the observed increase in
real income is partially caused by trade (i.e. generated by the reductions in trade costs).



12 J. Caron et al. / Journal of International Economics 123 (2020) 103306

®ND
L]
o - VNM
° ®CHN
UeA ® LKA

IO —
@ ® ROM
3
5 ® MOZ
£«
S
2
=
()
_
Qw
3 Q 7
z
0]

o

A ®LVA ASVK  AURY
S - ATzZA ALVA
' T T I T T T
5 6 7 8 9 10
Log per capita expenditures
A Homothetic preferences L] Non-homothetic preferences
— — — Linear Fit Linear Fit

Fig. 2. The effect of growth and trade on the skill premium. Simulated general equilibrium changes caused by 1995 to 2010 changes in real per capita income and openness to trade (unified
counterfactual). Zimbabwe (ZWE) is dropped from the figure (values of —0.12 for non-homothetic preferences and —0.17 for homothetic preferences). See Appendix Table A.3 for the full

set of estimates.

countries, 66% on average, and a standard deviation of 71%).> Note also
that implied changes in productivity and reductions in trade costs are
weakly correlated at 0.18 and are very similar when the model is cali-
brated with homothetic preferences instead (correlation of 0.99 and
0.97 respectively).

4.2, Combined effects of productivity growth and trade liberalization,
1995-2010

Fig. 2 displays simulated general equilibrium changes in the skill
premium as a function of each country's (log) per capita expenditures
(which in most countries is very close to per capita income). A value
of 0.1 in the figure implies that the ratio of skilled to unskilled wages in-
creased by 10% during the 1995 to 2010 period because of simulated
changes in real income and trade.

Focusing first on estimates obtained using non-homothetic prefer-
ences reveals an increase in the skill premium in almost all countries,
but changes are very heterogeneous.?® Low-income countries, including
some of the largest countries in our dataset, see the largest increases in
the skill premium: e.g. a 17.4% increase in China, 29.6% in India, 20.7% in
Vietnam, and similarly high values for most African countries. Countries
classified as low-income by the World Bank in 1997 (China and 10 other
countries in our sample) see an average increase of 9.3%. Other coun-
tries see a much lower increase of 2.4% on average. Middle-income
countries see moderate increases (e.g. 3.3% in Mexico, 1.7% Brazil, 3.6%

35 Implied reductions in trade costs (captured by the exporter-specific border effects
Pporder i) are also well correlated with changes in exports/GDP, at 81%. Trade cost reduc-
tions are smaller in magnitude than changes in trade flows, and average 30%, a difference
driven by the estimated elasticity of trade to trade costs parameters, 6. They also vary sub-
stantially between countries (standard deviation of 62%), and 18 countries have increasing
implied trade costs.

36 Zimbabwe, Uruguay and Malawi are the only three countries with a reduction among
developing countries. Zimbabwe has followed a very unusual growth path over the time
period. Its ratio of exports to GDP increased by a factor of 2.5, while its per capita real in-
come decreased by 66%.

in Russia) and estimates are lowest for developed countries (e.g. 0.8%
for the USA and around 1-2% for European countries).

In some countries, our model also predicts non-negligible changes in
the skill premium with homothetic preferences. Indeed, international
trade can affect the relative wage of skilled workers if income growth
rates vary across countries, and more generally the standard Stolper-
Samuelson effects of trade do not require non-homothetic preferences.
However, estimates are considerably closer to zero and their relation-
ship with per capita income flatter. Allowing for non-homothetic pref-
erences yields unambiguously higher estimates in all countries, but
especially in developing countries.

4.2.1. Relative importance of income growth and openness to trade

To decompose these results, we re-simulate the changes in the skill
premium caused by productivity growth (estimated as described
above), but not changes in trade costs. This ‘growth-only’ counterfactual
is displayed in Fig. 3(a). We then do the opposite and compute the effect
of 1995-2010 changes in trade costs, holding productivity fixed. This
‘trade-only’ counterfactual is displayed in Fig. 3(b).

Results indicate that the effect of productivity growth dominates as
it tends to have a quantitatively larger influence on the skill premium
than changes in trade, especially in low- and middle-income countries.
We also find that adding the effect of productivity growth and trade
costs to “recompose” the total effect on the skill premium leads to
estimates which are very similar to those obtained by simulating both
simultaneously as in our ‘unified’ counterfactual (see Fig. A.7 in the ap-
pendix). This suggests only small interactions between the growth and
trade channels, so we now discuss them individually.>?

37 Changes in the skill premium from simulations of simultaneous shocks actually tend
to be slightly lower, especially for low-income countries. The effect of trade costs on the
skill premium depends on per capita income (as will be seen) and is thus weaker when
evaluated simultaneously with the effect of productivity growth which makes countries
richer; on the other hand, the effect of productivity growth on skill premium depends
on trade costs. Changes in domestic consumption patterns (caused by income growth)
have a smaller impact on the skill premium as countries open to trade.
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4.3. Productivity growth and the skill premium

We now focus on the ‘growth-only’ counterfactual, highlighting the
mechanisms described in Section 2.4.1: when preferences are non-
homothetic and the income elasticity of demand is positively correlated
with the skill intensity of production, an increase in productivity makes
consumers richer and raises the relative demand for skill intensive
industries. On the contrary, uniform productivity growth has no effect
on the skill premium when preferences are homothetic.

Comparing Figs. 2 and 3(a) shows that the magnitude of the effect
and its relationship with per capita income is similar to that obtained
in the ‘unified’ growth and trade counterfactual: estimates vary consid-
erably between countries but are again highest in low-income coun-
tries. Estimates can be large, including a 14.5% increase in the skill
premium in China, 22.6% in India, 8.7% in Vietnam and in the 10-18%
range for African countries. It is 9.6% on average for countries classified
as low-income, and 2.4% for countries middle-income and above. As ex-
pected, the difference with estimates obtained with homothetic
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preferences is positive for all countries and again large for developing
countries.

4.3.1. The role of trade and input-output linkages

As discussed in Section 2.4.1, the main argument for the role of
non-homothetic preferences does not involve trade and also applies to
closed economies. To illustrate this point, we compute the closed-
economy approximation described by Eq. (27), inserting our estimates
for income elasticities (1)) as well as labor shares (shl and shk;, com-
puted including demand for the labor embodied in intermediates). Fig. 4
shows that this approximation of changes in the skill premium is a very
good predictor of the simulated open-economy general equilibrium
changes. In both cases, the figure plots the difference between
non-homothetic and homothetic preferences to pinpoint the role of
non-homotheticity (recall that in a closed economy, there is no
change in the skill premium with homothetic preferences). The high
(98%) correlation is partly due to production being mostly destined for
local consumption, and partly because countries tend to trade with
countries of similar per capita income, so that changes in the composi-
tion of consumption of their trading partners are similar to their own.

To investigate the importance of input-output linkages, Fig. 4 also
shows the closed-economy approximation implied by Eq. (27), this
time computed using labor shares that only account for final good
production (without 10 linkages). While these approximated changes
in the skill premium again provide a fairly good approximation of the
open-economy general equilibrium estimates, they are consistently
larger.?® This upward bias is explained by the lower variance in skill
intensity between sectors when intermediate demand is accounted for
(see Fig. 1): input-output linkages mitigate the effect of changes in the
composition of demand on the skill premium.

3% Regressing the approximation without 10 linkages on the approximation with 10 link-
ages yields a coefficient of 1.62 with an R-squared of 92%.

4.3.2. Why is the effect on the skill premium larger for low- and middle-
income countries?

The rates of income growth underlying the results vary considerably
between countries. To better visualize the relative strength of the
non-homothetic consumption effect across countries, Fig. 5 compares
the approximated changes in the skill premium described above to their
equivalent computed with uniform growth rates. The latter can also be
interpreted as elasticities to productivity growth: a value of 0.1 implies
the skill premium increasing by 1% for every 10% increase in per capita in-
come. The difference between rich and poor countries remains large, and
is therefore not primarily driven by stronger productivity growth in de-
veloping countries observed over the 1995-2010 period.

As we have shown in Section 2.4.1, differences in skill premium
changes across countries depend on differences in the income elasticity
of demand and skilled/unskilled employment shares across countries
and sectors. CRIE preferences generate income elasticities that decrease
according to a country's income (within sectors), which could partially
explain why the effect on the skill premium is smaller for richer
countries. Second, a larger share of low-skilled employment in develop-
ing countries produces income-inelastic goods while skilled workers
produce income-elastic goods. In rich countries, there are smaller
differences in income elasticity between the goods that skilled and
low-skilled workers produce. To disentangle these effects, we also
show in Fig. 5 that replacing country-specific income elasticities by
their mean across countries per sector (such that all the variations
across countries comes from differences in employment shares) still
yields a strong negative relationship between skill premium changes
and income. Hence, we conclude that the larger difference between
homothetic and non-homothetic preferences in developing countries
it is mostly due to the differences in employment shares.

4.4. Trade liberalization and the skill premium

We now examine the role of trade liberalization by focusing on the
‘trade-only’ counterfactual in which we simulate the 1995-2010
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implied changes in trade costs, but hold productivity constant
(Fig. 3b).>® With homothetic preferences, the effect of trade on the
skill premium tends to be negative for developing countries and posi-
tive among the richest countries. This is in line with standard Stolper-
Samuelson predictions: trade leads to a decrease in the relative demand
for skilled labor in countries that are abundant in unskilled labor, and to
an increase in the skill premium in more skilled-labor abundant
countries.

This effect is mitigated, and often reversed, when we allow for non-
homothetic preferences. Trade cost reductions lead to a larger increase
(or a smaller reduction) in the skill premium in low-income countries
(where simulated changes are on average 3.4% higher than with
homothetic preferences). The difference is smaller at higher income
levels, and even slightly negative in very high-income countries. The
positive correlation between the effect of trade on the skill premium
and a country's per capita income thus disappears (becoming slightly
negative).

4.4.1. Decomposition

Table 2 decomposes the effect of non-homothetic preferences into
the channels described in Eqgs. (31) through (34).

The “direct effects” of a trade cost reduction on the skill premium,
also plotted on Fig. 6(a), are derived from Eq. (31) as an approximation
holding trade and demand patterns constant (for each specification of
preferences) and neglecting general-equilibrium feedback effects
caused by changes in factor costs. As we described in Egs. (31) and
(35), this direct effect should be higher when countries have a higher
net content of trade in skilled labor relative to unskilled labor. Our find-
ings confirm this to be true for developing countries when the model is
fitted with non-homothetic preferences (relative to homothetic prefer-
ences): they are indeed predicted to consume relatively more of the
unskilled-intensive goods for which they have a comparative advantage
in production while their trade partners, predominantly richer coun-
tries, have a relatively higher demand for income-elastic and skill-
intensive goods. As discussed after Eq. (31), this effect mitigates the
standard Stolper-Samuelson effect found with homothetic demand.
The reverse effect holds but is quantitatively much smaller for high-
income countries.

Note that the “direct effect” of trade costs on the skill premium (Eq.
31) could also be affected by a systematic correlation between skill in-
tensity and average tradability across sectors. If, in turn, tradability
were correlated with income elasticity, the strength of this effect
could differ between non-homothetic and homothetic preferences. In
Section 3.4, however, we find that both of these correlations are weak
once services are included, and are not driving our results.*°

The second term of the decomposition, “effects on final demand”,
plotted on Fig. 6(b), captures changes in consumption patterns driven
by changes in prices and income. With homothetic preferences, trade
already generates changes in consumption patterns by changing rela-
tive prices, but the “effects on final demand” are larger with non-
homothetic preferences®!: trade liberalization generates an increase in
real income which, as in the growth counterfactual, leads to a realloca-
tion of consumption towards income-elastic and skill intensive goods,
thereby increasing the skill premium. This “demand” channel is quanti-
tatively strong and explains a substantial share of the average difference

39 Nine countries saw reductions in export/GDP ratios over the period (implying in-
creases in trade costs). These naturally have different implications for the skill premium
and are dropped from the figure for clarity.

0 To confirm that the differences between non-homothetic and homothetic preferences
are indeed driven by patterns of specialization (net exports) rather than by differences in
tradability across sectors, we have re-evaluated the direct effect using average export
shares at the sector level. The difference between non-homothetic and homothetic prefer-
ences in this case is very small.

1 with lower price elasticities, as in Cravino and Sotelo (2019), we find larger effects on
the skill premium, but the effects remain large with non-homothetic preferences, as doc-
umented in our robustness checks in Section4.6.

Table 2

The effect of trade on the skill premium (in %): decomposition of the difference between
non-homothetic and homothetic preferences. Average over countries which experienced
a reduction in trade costs.

Channel: Country groups (per capita income):

—4 Low-income Middle-income High-income
Direct 410 0.10 —0.22
Demand 1.77 0.30 0.13

10 0.08 0.08 —0.05

MR —2.60 —0.03 0.07

Total 335 0.45 —0.06

between non-homothetic and homothetic preferences (see Table 2),
though in low-income countries the “direct” impact of trade on the
skill premium dominates. In rich countries, the “direct” and “demand”
channels go in opposite directions, partially explaining the smaller
role of non-homothetic preferences on the skill premium in those
countries.

Since trade-driven income growth leads to a larger expansion in
skill-intensive sectors, it also leads to a larger demand for skill-
intensive intermediate goods. While the “input-output” (I10) channel
reinforces the final demand channel, the difference in the specifications
is quantitatively smaller than what is explained by the first two chan-
nels. Finally, general equilibrium effects captured by changes in “multi-
lateral-resistance” (MR) terms mitigate the direct effect of trade costs
(e.g. adjustment in factor prices), but also remain quantitatively smaller
than the first two channels.

To summarize, a combination of the composition effects in demand
(which drive the second and third terms) and the substantially reduced
Stolper-Samuelson effect (identified through the first term) explains
why, in our general equilibrium simulations, non-homothetic prefer-
ences imply a higher effect of trade on the skill premium in low-
income countries,

4.5. Explaining observed changes in the skill premium

Observed changes in the skill premium are caused by a number of
confounding and possibly interacting mechanisms including skill-
biased technical change and skill accumulation that are not captured
in our model. We therefore cannot precisely quantify the relative im-
portance of non-homothetic preferences and the skill intensity-
income elasticity correlation in explaining historical changes. However,
a simple correlation exercise and comparison suggest that our mecha-
nisms may help explain historical changes.

Historical 1995-2010 changes in the skill premium in the 40 coun-
tries covered by WIOD vary greatly in sign and magnitude, with on av-
erage a larger increase in low-income countries (the correlation with
log per capita income is —0.28), a pattern that is also evident in our sim-
ulation results. Fig. 7 plots observed changes (from WIOD) against sim-
ulated changes from our unified growth and trade counterfactual: the
relationship is noisy and observed changes are on average larger in
magnitude, but the figure clearly shows that non-homothetic prefer-
ences significantly increase the correlation between model estimates
and observed changes. Table A.5 in appendix summarizes coefficients
from regressions of observed on simulated changes.*? Note that the
figure and regression coefficients may understate the mechanisms'
importance: contrary to GTAP, WIOD includes only a small number of
low-income countries (China, Mexico, Brazil, India, Indonesia and

2 Once controlling for changes in skill endowments, as measured by 1995-2010 log
changes in years of schooling (using cross-country data from Barro and Lee, 2013), we find
that the correlation increases from a statistically insignificant 0.182 with homothetic pref-
erences to 0.317 (p-value 0.07) with non-homothetic preferences. The difference between
the non-homothetic to homothetic difference is also significantly correlated with ob-
served changes (0.29; p-value 0.09), confirming that non-homothetic preferences im-
prove the model's capacity to explain changes in the skill premium.
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changes in the skill premium are from the unified counterfactual, i.e. caused by observed changes in per capita income and openness to trade. See Table A.5 in appendix for the full set

of regression statistics.

Turkey) and thus lacks many of the countries that have experienced the
highest rates of income growth and have the highest predicted in-
creases in the skill premium.

While this increase in correlation is mostly driven by the ‘growth
channel’ (income-driven shifts in consumption patterns), we also find
that non-homothetic preferences push our estimates of the effect of
trade on the skill premium closer to observed changes (see Table A.5).

The magnitude of growth and trade effects relative to observed
changes varies country-by-country, but is sometimes substantial. For
China, our 17.4% simulated increase in the skill premium over the

1995-2010 period (14.5% increase due to productivity growth) suggests
that our mechanism may have played an important role in the very
large 51% increase reported in WIOD (Ge and Yang (2009) report a
40% increase between 1992 and 2006). For India, we obtain a 22% in-
crease (mostly due to productivity growth). WIOD shows very little
change over the period, but Azam (2009) documents a 11.9% increase
between 1987 and 2004. A similar picture emerges for other Asian
countries. In Latin America, the mechanisms explain smaller but still
significant shares of observed increases: our simulations lead to a 2.5%
increase in Peru, contrasted to an observed increase of 23.9% from
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1994 to 2000 (Mazumdar and Quispe-Agnoli, 2004); a 3.3% increase in
Mexico, contrasted to 12.5% from 1990 to 2001 (Verhoogen, 2008);
and a 1.7% increase in Colombia, contrasted to 26.4% between 1990
and 2000 (Gutierrez, 2009). Note also that many of our highest esti-
mates are in African countries, about which little is known regarding
skill premia. Among developed countries, the predicted increase in
skill premium is small, but so are observed changes: about 0.8% for the
US (0.6% from growth-driven reallocation), contrasted to an observed
3.1% skill premium increase (Parro, 2013) (11% in WIOD); 1% in Great
Britain (0.5% from growth), contrasted with an observed 2% increase
for 1990-2005 (Parro, 2013) or a 4% reduction in WIOD.

4.6. Robustness

As made evident in the analytical approximations provided in
Section 2.4, the effects of productivity and trade are inversely propor-
tional to p which is itself tightly linked to the elasticity of substitution
between skilled and unskilled labor, p. A higher p naturally leads to
smaller effects. While this elasticity is difficult to estimate in practice,
most estimates lie between 1.4 and 1.7 (Acemoglu, 2007). Within this
range, we find that the difference in simulated general equilibrium esti-
mates is almost exactly proportional to differences in p. Appendix E pro-
vides additional details for this and the following four sets of robustness
checks.

We also test the sensitivity of our results to differences in the 6y, pa-
rameter, which drives the response of trade flows to changes in trade
costs. While this parameter affects our price index estimates and thus
the estimation of income elasticities, we find similar results for the
changes in the skill premium when 6, is calibrated to the same constant
in all sectors instead of estimated.

The CRIE preferences assumed in our benchmark specification are
separable. Separability is a natural and common assumption but an im-
portant disadvantage is that it imposes a strong link between price elas-
ticities and income elasticities in consumption. Our results are not
dependent on this property: they remain qualitatively and quantita-
tively similar when we integrate “implicitly-additive” preferences (as
in Comin et al., 2015 and Matsuyama, 2019) into our general equilib-
rium model. These preferences impose no link between price and in-
come elasticities.

In our benchmark analysis, we use a cross-country average of each
sector's input requirements, including in the computation of skilled
and unskilled labor intensity. Using country-specific measures of input
requirements, we find that the correlation of income elasticity with
skill intensity is strong in most countries (and not just on average), so
that our simulated skill premium estimates remain similar and indeed
slightly stronger.

Finally, while our benchmark empirical and simulation results are
obtained using GTAP5, which is based on 1997 (around the beginning
of our 1995-2010 simulation period), we also find a strong correlation
between income elasticity and skill intensity when using the more re-
cent GTAP8 dataset based on 2007. Simulation results thus also remain
very similar.

5. Summary and conclusions

Growing income inequality is a defining feature of our time, and
many reasons for the increasing premium awarded to skilled workers
have been identified and studied by the literature. We provide a
quantitative assessment of a simple yet overlooked mechanism: when
allowing for non-homothetic preferences, growth in income increas-
ingly shifts consumption patterns towards goods and services that re-
quire relatively more skilled labor in their production.

We calibrate our model to match changes between 1995 and 2010,
a period of moderate growth, increasing openness to trade, and increas-
ing skill premium. Simulations suggest that productivity improvements

underlying recent GDP growth had the potential to drive substantial in-
creases in the skill premium, even under our assumption of uniform
productivity growth across sectors. The predicted changes in the skill
premium caused by the changing composition of consumption repre-
sent a sizable share of observed increases in many countries, particu-
larly in the developing world.

We then show that income-driven changes in the composition of
consumption can also be quantitatively important during an episode
of trade liberalization. Like productivity, trade raises incomes and in-
creases the return to skilled labor, once again with a strong effect in
the developing world. The relationship between income and consump-
tion patterns has further implications. The sector-level correlation be-
tween income elasticity and skill intensity implies a country-level
correlation between relative specialization in consumption and relative
specialization in production. This leads to a lower predicted net factor
content of trade and therefore a weaker link between trade and relative
wages. In many developing countries, this weakening of Stolper-
Samuelson forces, combined with the effect of shifting consumption
patterns, completely cancels out the decrease in the skill premium pre-
dicted by a standard homothetic-preference model.

We do not claim our demand-driven effects to be the main mecha-
nisms behind increasing wage disparities. They are likely working
alongside other forces, such as skill-biased technical change (Burstein
and Vogel, 2017) and other sources of structural transformation
(Cravino and Sotelo, 2019), with which they are not incompatible. Fu-
ture research may want to integrate and contrast alternative mecha-
nisms in a unified framework. We simply show that standard models
ignoring non-homotheticity in demand would considerably underesti-
mate effects on the skill premium, and that demand effects may be com-
parable in magnitude to other well-studied mechanisms in explaining
why, despite the accumulation of skills, inequality has been increasing.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jinteco.2020.103306.
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