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The Ricardian model predicts that countries should produce and export relatively more in industries
in which they are relatively more productive. Though one of the most celebrated insights in the theory of
international trade, this prediction has received little attention in the empirical literature since the mid-
1960s. The main reason behind this lack of popularity is the absence of clear theoretical foundations
to guide the empirical analysis. Building on the seminal worEafon and Kortun2002, “Technology,
Geography, and TradeEconometrica70, 1741-1779), we offer such foundations and use them to quan-
tify the importance of Ricardian comparative advantage. In the process, we also provide a theoretically
consistent alternative tBalassa’s 1965, “An Empirical Demonstration of Classical Comparative Cost
Theory”, Review of Economics and Statistids, 231-238) well-known index of “revealed comparative
advantage”.
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1. INTRODUCTION

The Ricardian model predicts that countries should produce and export relatively more in indus-
tries in which they are relatively more productive. Though one of the most celebrated insights
in the theory of international trade, this prediction has received little attention in the empirical
literature since the mid-1960s. The main reason behind this lack of popularity is not the exis-
tence of strong beliefs regarding the (un)importance of technological considerations. It derives
instead from the absence of any clear theoretical foundations to guide the empirical analysis
(seege.g.Bhagwatj 1964;Deardorff 1984;Leamer and Levinsohri995). Building on the sem-
inal work of Eaton and Kortunf2002), we develop such foundations and use them to quantify
the importance of Ricardian comparative advantage at the industry level. In the process, we also
provide a theoretically consistent alternativeB@lassa’s 1965) well-known index of “revealed
comparative advantage”.

The tight connection between theory and empirics offered by our paper has two crucial ad-
vantages over the previous literature (seg. MacDougall 1951, Stern 1962, Balassa 1963,
or more recently, Golub and Hsieh 2000). First, when estimating the importance of Ricardian
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comparative advantage in the cross section, we do not have to raly lsmcmeasures of export
performance such as total exports to the rest of the world, total exports to third markets, or bi-
lateral net exports. Our theory tells us exactly what the dependent variable in our cross-sectional
regressions ought to be: log of exports, disaggregated by exporting and importing countries, dif-
ferenced across industries and exporters, and adjusted for differences in levels of “openness” to
account for trade-driven selection. Using trade and productivity data, we can therefore offer the
first theoretically consistent Ricardian test. Our preferred estimate impliecétetis paribus

the elasticity of (adjusted) bilateral exports with respect to observed productivity is positive, as

our Ricardian model predicts, and equal t63&%
Second, our clear theoretical foundations allow us to do general equilibrium counterfactual

analysis. In order to quantify further the importance of Ricardian comparative advantage, we
ask: If, for any pair of exporters, there were no relative productivity differences across indus-
tries, what would be the consequences for aggregate trade flows and welfare? According to our
estimates, the removal of Ricardian comparative advantage at the industry level would only lead,
on average, to a-8% decrease in the total gains from trdde.

Section2 describe®ur theoretical framework. We consider an economy with multiple coun-
tries, multiple industries, and one factor of production, labour. Up to this point, this is a standard
Ricardian model. We generalize this model by allowing for intra-industry heterogeneity a la
Eaton and Kortum(2002). Formally, we assume that each good is available in many varieties
and that labour productivity differs across varieties. The key feature of this model is that labour
productivity may be separated into (i) a deterministic component, which is country and indus-
try specific, and (ii) a stochastic component, randomly drawn across countries, industries, and
varieties. The former, which we refer to as “fundamental productivity”, captures factors such
as climate, infrastructure, and institutions that affect the productivity of all producers in a given
country and industry. The latter, by contrast, reflects idiosyncratic differences in technological

know-how across varieties.
Section3 derives our theoretical predictions, relates them to the previous Ricardian litera-

ture, and investigates their robustness. The first set of predictions are cross-sectional in nature,
and describe how productivity differences affect trade patterns across countries and industries in
any trading equilibrium. A key result that emerges is a parsimonious method for correcting for
the trade-driven selection that creates an endogenous wedge between fundamental and observed
productivity. The second set of predictions concern general equilibrium responses to novel and
natural counterfactual scenarios that explore by how much aggregate trade flows and welfare
would change if, for any pair of exporters, there were no fundamental relative productivity dif-

ferences across industries. . o _ _ _ _
Sectiond tests our cross-sectional predictions using the best available data on internationally

comparable productivity and trade flows across countries and industries. In line with our Ricar-
dian model, our measures of relative productivity are computed using relative producer prices
from the Groningen Growth and Development Centre (GGDC) Productivity Level Database.
Our analysis illustrates how tests of the Ricardian model, which have long been perceived as
hopelesshad hoc, can be performed in a theoretically consistent manner. This procedure allows
us to estimate the extent of intra-industry heterogeneity,Wwhich is the key structural param-

eter governing the relationship between productivity and exports in this Ricardian world. After
adjusting for differences in openness across exporting countries and industries, which turns out
to be empirically important, our preferred estimatedo equal to 663. This is in line with

1. This quantification, of course, depends on the level of aggregation at which an “industry” is defined. Through-
out this paper, industries will be defined as the lowest level of disaggregation for which we have productivity data that
are comparable across countries and industries, namely, the two-digit International Standard Industrial Classification
(ISIC) level.
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previous estimates df obtained using different methodologies (see. Eaton and Kortum
2002;Bernardet al.,2003;Donaldson2008;Simonovska and WaugR009).

Section5 presents our counterfactual results. In order to minimize measurement error, we
first demonstrate how to use our model to compute revealed measures of productivity. While not
the main focus of our paper, this approach provides a theoretically consistent altern8tale to
assa’s {965) well-known index of “revealed comparative advantage”. Using these productivity
measures, we then investigate the consequences for aggregate trade flows and welfare of remov-
ing relative productivity differences across countries and industries. According to our estimates,
the removal of Ricardian comparative advantage at the industry level would only lead, on aver-
age across countries, to é3% decrease in the total gains from trade. We conclude Sestion
by exploring how the magnitude of this estimate is related to two important features of the data:

heterogeneous preferences and heterogeneous trade costs. Both of these aspects of heterogeneity

tend to offset the purely productivity-driven heterogeneity that is at the heart of the Ricardian
model.

Our paper is related both to previous empirical tests of the Ricardian madatBougall
(1951),Stern(1962),Balassg1963), andGolub and Hsielf2000)—and to a much more recent
but rapidly growing literature based on multisector extensions oEtiten and Kortun{2002)
model—Shikhe(2004,2008), Costinot(2005),Chor (2008),Donaldson(2008), Caliendo and
Parro(2009),Kerr (2009),Burstein and Voge{2010), and_evchenko and Zhanff011). Rel-
ative to this literature, our first contribution is to show how micro-foundationsEalan and
Kortum (2002) can be used to contrast the cross-sectional predictions of the Ricardian model
with the data. Using our model, we estimate the impact of observed productivity differences
on the pattern of trade across countries and industries without having to relg bacmea-
sures of export performance, bilateral comparisons inspired by a two-country model, or un-
clear orthogonality conditiorsOursecond contribution is to show how estimates obtained from
these regressions can be used to measure, in a well-defined way, the welfare impact of Ricar-
dian comparative advantage at the industry IéVRlttogether, these cross-sectional and coun-
terfactual results provide a complete exploration of the quantitative implications of Ricardo’s
ideas.

Our analysis is also related, though less closely, to a large empirical literature investigating
the role of various sources of comparative advantage €sgeHarrigan 1997; Beck, 2003;
Romalis,2004; Yeaple and Goluk2007;Nunn,2007;Manova 2008;Morrow, 2010). Like the
previous papers, we analyse how differences in costs of production may affect the pattern of
trade across countries and industries. However, our main focus is not to assess which particular
channel—e.ginstitutions, infrastructure, or factor endowments—contributes more to the cross-
sectional variation in costs of production, and in turn, bilateral trade flows. Like in previous
Ricardian tests, we start by interpreting the cross-sectional variation in costs of production as
the result of fundamental productivity differences. Conditional on this interpretation, we then
investigate how much of the cross-sectional variation in trade flows and the overall gains from
trade can be explained by these differences. In other words, the goal of the present paper is not
to investigate what causes observed productivity differences or whether such differences may

2. Itis worth emphasizing that, our theoretical foundations notwithstanding, our cross-sectional results are much
closer, in spirit, to those dflacDougall(1951),Stern(1962),Balassg1963), and5olub and Hsiel{2000) than to those
of Eaton and Kortunf2002). The focus of our analysis is the commodity pattern of trade, not its total volume. Compared
to Eaton and Kortun§2002), our empirical exercise therefore requires independent measures of productivity as well as
trade data disaggregated by industry.

3. Inthis regard, the present analysis is most closely relat€htw(2008) who compares the impact of various
sources of comparative advantage on welfare, albeit not in a fully structural way.
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be accounted for by differences in factor endowments. Our goal simply is to ask: Seen through
the lens of the Ricardian model, how important are productivity differences across countries and
industries?

2. THEORETICAL FRAMEWORK

We consider a world economy comprising= 1, ...,| countries and one factor of production,
labour. There ark =1, ..., K industries or goods and constant returns to scale in the production
of each good. Labour is perfectly mobile across industries and immobile across countries. We
denote byL; andw; the number of workers and the wage in counitryespectively. Up to this

point, this is a standard Ricardian model. We generalize this model by allowing for intra-industry
heterogeneity in labour productivity.

Technology. Each goodk may come in an infinite number of varieties indexeddyyg Q =
{1,...,400}.* We denote b)Zik(a)) the number of units of theth variety of goodk that can be
produced with one unit of labour in countryln line with Eaton and Kortun{2002), we assume
the following:

Al. For all countries i, goods k, and their varieties i(w) is a random variable drawn inde-
pendently for each triplefi, k, w) from a Fréchet distribution iff(-) suc that

FX(2) = exp[—(z/Z)?], forallz >0, (1)
where ¥ > 0andé > 1.

According to Assumption Al, technological differences across countries and industries only
depend on two parameterz{, andd. We refer tozik asthe fundamental productivitpf coun-
try i in industryk. It aims to capture factors such as climate, infrastructure, and institutions
that affect the productivity oéll producers in a given country and industry. For each indus-
try k, cross-country variation irztik pins down the cross-country variation in relative labour
productivity at the core of the standard Ricardian model. Formally, equatipimflies that
Z/28 = E[Z(0)]/ E[ZS (w)], for anyi, i’, andk.

By contrast, the second parametemeasuremtra-industry heterogeneityt aims to reflect
the scope for idiosyncratic differences in technological know-how across varieties, which we as-
sume to be the same in all countries and induskristhis model ¢ parameterizes the impact
of changes in fundamental productivity Ieval#, on aggregate trade flows. Estimatihgyill be
one key focus of our quantitative exploration of the Ricardian model. Note that the assumption
thatd is common across industries is not innocuous. It will maintain the tight relationship be-
tween fundamental productivity and comparative advantage at the core of the standard Ricardian
model by implicitly ruling out the possibility that differences in wages across countries may in-
teract with differences in intra-industry heterogeneity across sectors to determine the pattern of
commodity tradé.

4. Alternatively, we could have assumed the existence of a continuum of varieties. By assuming that the number
of varieties is infinite, but countable, we avoid the technical difficulties of invoking the law of large numbers with a
continuum of i.i.d. variables (see,g.Al-Najjar, 2004). Nothing substantial hinges on this particular modelling choice.
More economically substantial is the implicit assumption that the number of varieties per industry—unlike in a monop-
olistically competitive model with free entry—is exogenously given.

5. Using a unique data set that documents physical output (rather than just revenue) at the plant level in the
U.S.,Foster, Haltiwanger and Syvers(008) document significant intra-industry heterogeneity in plant-level physical
productivity.

6. Fieler(2010) discusses the quantitative implications of these interaction effects for total trade volumes.
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Trade costs. Trade frictions take the standard “iceberg” form. Formally, we assume the
following:

A2. For each unit of good k shlpped from country i to country j, oh}gd < 1 unitsarrive,
with d such that (i) dff = Land (ii) dff < df$ - d¥ for any third country I.
The second part of Assumption A2 simply rules out cross-country arbitrage opportunities.

Market structure. Markets are assumed to be perfectly competitive. Together with constant
returns to scale in production, perfect competition implies the following:

A3.In any country j, the price ﬁw) paid by buyers of variety of good k is
pj{(@) = min [cfj ()], @

where ¢ () = (df - wi)/Z () is the cost of producing and delivering one unit of this variety
from country i to country j.

For each varietyo of goodk, buyers in countryj are “shopping around the world” for the
best price available. In what follows, we ké‘} = (dikj -wi)/Z¢ > 0.

Preferencesin each country, there is a representative consumer with a two-level utility function.
The upper tier utility function is Cobb—Douglas, while the lower tier is constant elasticity of
substitution (CESY.Accordingly, expenditures are such that the following holds true:

A4.In any country j, total expenditure on varietyof good K is
—ok
xK(@) = [pM(@)/ P17 -akw; Lj, 3)

1—ckq1/(1—ck
whee0 < aX <1,0K <140, and g =3, .q Pi(@) 1]V 470,

Theabove expenditure function is a standard feature of models of intra-industry trade in the
“new trade” literature (sees.g.Helpman and Krugmari,985). The first preference parameter,

T, measures the share of expenditure on varieties from indkstrycountry j, whereas the
seconda is the elasticity of substitution between varieties. The restrlotﬂ]f)rk 1+6isa
technlcal assumption that guarantees the existence of a well-defined CES pricep’hdiev(,
countryj and industr)k Itis Worth emphasizing that demand conditions may vary across coun-
tries and mdustrleszx anda arefunctions of j andk. For future reference, we denote by

Hk 1(pk) ) theconsumer price index in countiy

Trade balance.We denote by<i j = Zwegk xk(a)) the value of total exports from countryto
country j in industryk, WhereQ ={we Q|cIJ () =ming<jr< c (a))} is the set of varieties

exported by country to countryj in industryk. Similarly, we denote by[I xk/zl, 1x
the share of exports from countiyin country j and industryk. Our flnal assumpnon is the
following:

Ab5. For any country i, trade is balanced
| K K Kk
Zj=12k=1”iia1y1 =7 (4)
whee y; = wj Li/zi',:1 wj- L. is the share of country i in world income.

7. While the Cobb—Douglas assumption in A4 could be dispensed with in favour of any upper tier utility function
for our cross-sectional results, it will play a non-trivial role in our counterfactual analysis.
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Conditional on aggregate trade flows, Assumption A5 pins down relative wagg¢s;/,
aroundthe world. This completes our description of a trade equilibrium in this economy.

3. THEORETICAL PREDICTIONS

Using the previous theoretical framework, Assumptions A1-A5, we derive two types of pre-
dictions. First, we show how differences in labour productivity across countries and industries
affect the pattern of tradimm a given equilibrium These cross-sectional predictions will form

the basis of our first empirical exercises (in Secddnthe goal of which is to estimate the key
model paramete? which governs the relationship between productivity and exports in this Ri-
cardian world. Second, we demonstrate how changes in labour productivity would affect trade
and welfareacross equilibria These counterfactual predictions will form the basis of our final
empirical exercise (in Sectids), in which we explore the importance of inter-industry Ricardian
forces for generating gains from trade around the world.

3.1. Productivity and trade: a first look

Before deriving our new cross-sectional predictions, we first describe the impact of fundamen-
tal productivity and trade costs on bilateral exports at the industry level. By themselves, such
theoretical results are of limited use for empirical work because fundamental productivity lev-
els cannot be observed: doing so would require data on products that have been driven out of
domestic production by the forces of trade. This intermediate step, however, will allow us to
compare our approach to the previous theoretical literature on the Ricardian model in a trans-
parent manner. In the next subsection, we will then highlight how trade-driven selection drives
a wedge between fundamental productivity and observed productivity and how empirical work
can nevertheless proceed in the face of this wedge.

Lemma 1. Suppose that Assumptions A1-A4 hold. Then for any importer, j, any pair of ex-
porters, i and i, and any pair of goods, k and k

k K K oK' k K
XX Kt dds.

In{ ==L }=01n h —0In{ =221 ). (5)
(xi"j xK j Pl dikj ak j

The formal proof of Lemmal as well as all subsequent proofs can be found in the online
appendix. The basic idea is simple. Under Assumptions A1-A4, bilateral exports from country
i to countryj in sectork can be expressed as

(widf /79~
Xikj= I | kl " H-alj(ijj. (6)
Zi/zl(wi/di/j/zi/)_

To go from this expression to equatids) (we then use a simple “difference-in-difference” strat-
egy. The first (Iog-)dif‘ference(i"j /xi"j , allows us to control for differences in wages,, across
exporters, as well as differences in incomesjLj, across importers. The second

(log-) difference,(xikj /xi'}')/(xik/j/xik/j), allows us to control for differences in the share of ex-

penditureX, across sectors. EquatioB) follows.

At this point, our theoretical framework imposes very little structure on the variation of trade
costs. To better relate Lemma 1 to previous results in the literature, it is useful to consider briefly
the special case in which
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df =dij-df forallkandi # j. (7

This restriction is trivially satisfiedg.g.in Dornbusch, Fischer and Samuelq4d877) who as-
sume that trade costs are symmetric across countries and identical acrossdgoe ; =d.
In equation 7), the first parametet;; measureshe trade barriers which are specific to coun-
triesi andj such as physical distance, existence of colonial ties, use of a common language,
or participation in a monetary union. The second paranEteneasureshe policy barriers im-
posed by countryj on goodk, such as import tariffs and standards, which, in line with “the
most—gavoured-nation” clause of the World Trade Organization, may not vary by country of
origin.

In this special case, sin dik,/j /di"j/dik,j =1foralli,i’ # j, Lemmal directly implies the
following:

Corollary 1. Suppose that Assumptions A1-A4 and equafi®mdld. Then for any importer,
j, and any pair of exporters, I',i£ j, the ranking of relative fundamental productivity determines
the ranking of relative exports:

Note that, without loss of generality, we can always fix a pair of countiiegndi,, and
index theK goods so that

ill < < ﬁ (8)
zt — K
2 12

Ranking (8) is at the heart of the standard two-country Ricardian modeldse®&ornbusch,
Fischer and Samuelspi®77). When there is no intra-industry heterogeneity, rani@hgierely
states that countriyy hasa comparative advantage in (all varieties of) the Higioods. If there
only are two countries, the pattern of trade followsproducesand exports the high goods,
while iz producesand exports the low goods. If there are more than two countries, however, the
pattern of pairwise comparative advantage no longer determines the pattern of trade. In this case,
the standard Ricardian model loses most of its intuitive content ésgelones,1961; Wilson,
1980).

When there are stochastic productivity differences within each industry, it is easy to check
that Assumption Al and rankin@) further imply

zt () . Z ()

@ = 2@

(9)

where= denotes the first-order stochastic dominance order among distributions. In other words,
ranking (9) is just a stochastic—hence weaker—version of the ordering of labour productivity
z}‘, which is at the heart of the Ricardian theory. Like its deterministic counterpart in equation
(8), ranking @) captures the idea that countgyis relatively better at producing the higgrgoods.

But whatevek is, countryi, maystill have lower labour requirements on some of its varieties.

8. In practice, equation7) may be violated because of preferential trade agreements or, more simply, because
bilateral distance has a differential impact on goods of different weightsésgéjarrigan 2005). For this reason, we
do not impose equatior’) throughout the remainder of this paper. The role of equafipihére is purely to relate our
results to previous theoretical work on the Ricardian model.

9. It should be clear, however, that rankir®) per sedoes not imply the equivalence in Corollaty To derive
this equivalence, we use equatid) (hich relies on the particular functional forms in A1.
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According to Corollaryl, ranking ©) does not imply that country shouldonly produce
and export the higlk goods, but instead that it should produce and export relatively more of
these goods. This is true irrespective of the number of countries in the economy. Unlike the
standard Ricardian model, our model generates a clear and intuitive correspondence between
labour productivity and exports. Here, the pattern of comparative advantage for any pair of
exporters fully determines their relative export performance across indu$tries.

The previous discussion may seem paradoxical. As we have just mentioned, ra@kisg (

a weaker version of the ordering at the heart of the standard theory. If so, how does the present
theory lead to finer predictions? The answer is simple: it does not. While the standard Ricardian
model is concerned with trade flows in each variety of each good, we only are concerned with the
total trade flows in each good. Unlike the standard model, we recognize that random shocks—
whose origins remain outside the scope of our model—may affect the costs of production of
any variety. Yet, by assuming that these shocks are identically distributed across a large number
of varieties, we manage to generate clear predictions at the industry level in a multi-country
world.** Thelack of such predictions has been the fundamental hindrance to theoretically con-
sistent empirical work on the Ricardian model to date.

Having clarified how the predictions that emerge from our Ricardian model differ from those
of the previous theoretical Ricardian literature, we now proceed to tighten the relationship be-
tween our model and the real world. That is, we recognize that fundamental productivity levels,
which feature in Lemma, are not observable.

3.2. Cross-sectional predictions

As in the previous empirical Ricardian literature, our goal is to study the relationship between
observed trade flows and observed productivity levels. To do so we assume that statistical agen-
cies perfectly observe}‘(w) for all varieties of goodk produced in country. What statisti-
cal agencies cannot observe, however, is labour productivity for varieties ofigatith are
not produced in country because such varieties are being imported from another coiéntry.
In other words, even in an ideal world without measurement error, statistical agencies can-
not report unconditional average productivi&[z}‘(w)]. Instead statistical agencies can only
report conditional averagesE[zik(co)mik], based on the set of varieties actually produced in
countryi, QF = Uj_1,_1 QK. From now on, we refer t@ = E[z(w)|QK] asobserved pro-
ductivity in countryi and industryk and contrast this variable repeatedly witimdamental
productivity, zK.

Using Lemmal and the previous definition, we now describe the impact of observed pro-
ductivity differences on the cross-sectional variation of aggregate trade flows.

10. Costinot(2009) provides an alternative way to generate clear and intuitive predictions about the pattern of
international specialization in a Ricardian model with more than two goods and two countries. The basic idea is to focus
on environments in which (i) goods can be ranked in terms of a unique industry characteri§tjccountries can be
ranked in terms of a unique characteristic, and (iii) productivity is log-supermodular ip, ). In such situations,
the pattern of international specialization always features a ladder of countries withy/higbuntries specializing in
“high-¢” goods.

11. In this regard, our model bears a resemblandeawais (1995) in which Ricardian differences also explain
intra-industry trade (though factor proportions determine inter-industry trade in his model).

12. This problem was emphasized bgardorff(1984) in his review of empirical work on the Ricardian model
(p. 476): “Problems arise, however, most having to do with the observability of [productivity by industry and country].
The ...problem is implicit in the Ricardian model itself ...[because] the model implies complete specialization in
equilibrium ... This in turn means that the differences in labor requirements cannot be observed, since imported goods
will almost never be produced in the importing country”.
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Theorem 1. Suppose that Assumptions A1-A4 hold. Then for any importer, j, any pair of
exporters, i and’i, and any pair of goods, k and k

K K’ / k 4K’
ol 55 Z ol 32\ o G195 (10)
R % dids; )’

Theproof of Theorend proceeds as follows. First, we use Assumption Al in order to estab-
lish the link between observed and fundamental productivity levels:

kK [ k \ /¢
A_(A) [ ) (11)
7 \% i

The logic behind equatiori) is fairly intuitive. In a given industri, if countryi is more open
than countnyi’, ni'§ < 7rik’i/’ then countnyi will tend to produce a smaller, but more productive
subset of varieties. Hence, observed relative productﬁﬁyﬁ}‘,, will be higher than fundamental
relative productivity,z!‘/zi‘ﬁ. The second term on the right-hand side of equation (11) exactly
corrects for this trade-driven selectiGhEquation(10) then directly derives from equatiors) (
and (11).

In our empirical analysis below, we will use Theordnin order to estimate directly the
impact (governed by) of observed productivity differences on the pattern of trade across coun-
tries and industries. Since this empirical exercise is most closely related to previous Ricardian
regressions, it is important to highlight how our theory-based approach differs from previous
empirical work mentioned in Sectidh It does so in three respects. First, our theory states that
the dependent variable in Ricardian regressions should be the log of exports, disaggregated by
exporting and importing countries, differenced across exporters and industries, and corrected for
differences in levels of “openness” across exporting countries. According to Théotkimnew
measure of export performance is the theoretically correct way to control for trade-driven selec-
tion. Second, our theory clarifies how empirical work can and should control for all the general
equilibrium interactions across countries and industries that have a bearing on the partial equi-
librium relationship between productivity and exports. Theofleshows that these endogenous
relationships do not introduce bias as long as one works with exports and productivity levels
that are both in a (log-)“difference-in-difference” form. Third, our micro-theoretical foundations
also make it possible to discuss the economic origins of the error term. In our model, these are
equal to a particular form of relative trade costs. As a result, our theory makes transparent the
plausibility of any orthogonality condition on which the estimatiorfah equation 10) might
be based.

gk — ok sk
whelexij :xij/n“.

3.3. Counterfactual predictions

Theoreml offers cross-sectional predictions that will help us to test and quantify the importance
of Ricardian comparative advantage in the data. An alternative way of quantifying Ricardian
forces is to do counterfactual analydis, to evaluate the effects of moving to a world in which
Ricardian forces do not operate across industries. In this section, we pursue such an evaluation

13. Our correction for trade-driven selection in equatiéd)(is reminiscent of the formula for the welfare gains
from trade inEaton and Kortunf2002). The formal relationship between the two is discussed furttiénicelli, Pagano
and Sbraci§2011).
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and ask: if, for any pair of exporters, there were no fundamental relative productivity differences
across industries, what would be the consequences for aggregate trade flows and welfare?

Formally, we proceed as follows. We start by fixing a reference couptrijVe assume
that fundamental productivity in country is the same in all sectors in the initial and the
counterfactual equilibrium{zt )" = Z£ for all k. By contrast, for any country 3 io andany
sectork, we assume that fundamental productivity in se&tahanges fronzik to (zik)’ such
that (zik)/ = 7j -zik , Where Z; is chosen such that the value of the relative wége/wi,)’ in
the counterfactual equilibrium is the same as in the initial equilibrigsm/wi,). We will come
back to the exact values &; for all i £ ig in @ moment. In the rest of this paper, we use the
conventionZ;, = 1 for the reference country.

Itis important to note that there are no fundamental differences in relative productivity across
countries in the counterfactual equilibrium. By construction, for any pair of counifiesdis,
andany pair of sectors; andk,, we have

@) @)

T = oy (12)

(z,) ()
In other words, there is no source of Ricardian comparative advantage at the industry level.
Furthermore, the adjustment in absolute productivity, which is designed to hold relative
wages constant around the world, guarantees that changes in fundamental productivity levels
from zik to (zik)/ have no indirect terms-of-trade effects on the reference cougtrixccordingly,
the impact of such changes on aggregate trade flows and welfare in courdnbe interpreted
as the impact of Ricardian comparative advantage at the industrylfefel. lack of a better
terminology, we will now refer to this particular comparative statics exercise as “Removing
countryig’s Ricardian comparative advantage”.

The first step of our counterfactual analysis is to use the trade balance condition, Assumption
A5, in order to compute the adjustment in absolute productidtyfor all i # ig.

Lemma 2. Suppose that Assumptions A1-A5 hold. Adjustments in absolute productivity,
{Zi}i+iy can be computed as the solution of the system of equations

< 2@z el

|
> =i, foralli #£io. (13)

T K (K70
Tl i (Z0/Zin™°

An attractive feature of Lemma is that the computation of absolute productivity adjust-
ments, Z;, requires only a small amount of information. In particular, we do not need data
on wages, factor endowments, or trade costs, which may be hard to obtain in practice. In our
computation of absolute productivity adjustments (in Sechidr), we will simply use revealed
measures of fundamental productiv'zll!ﬁ/, together with trade data which enable us to compute
export shexreSr;i"j , expenditure sharea,'j‘, and world income shareg;.

LetX = X’/ X denotean arbitrary proportional change in any varialléetween the initial
and the counterfactual equilibrium. Our last theoretical result can be stated as follows.

Theorem 2. Suppose that Assumptions A1-A5 hold. If we remove cogériRicardian com-
parative advantage, then

14. Another way to see this is to note that starting from an initial equilibrium where equd®)mélds, changes
in fundamental productivity levels frouf to (zik)/ would have no impact on trade flows and welfare.
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1. Counterfactual changes in bilateral trade flow-ﬁ,, satisfy

5(\-k- . (Zik/zi)_e
RN K (K /7. y—
Yiamys (F/Zin™0

2. Counterfactual changes in countgys welfare, W, = wi,/ pi,, satisfy

, foralli, j, k. (14)

k
—0 (xio/ﬁ

| K
W, =] an(%) - (15)

The proof of Theorem?2 is a straightforward generalization of the approach followed by
Dekle, Eaton and Kortuni2008) in the one-industry case. Again, only a very small amount
of data is needed to compute counterfactual changes in bilateral trade flows and vﬁrklfare
and V\/IO We still do not need any data on wages, factor endowments, or trade costs. All the
economically relevant information about these variables is already mcludednﬁthe

Equations(14) and (5) are both intuitive. Since our adjustment of absolute productivity
levels, Z;, controls for any indirect terms-of-trade effect, changes in bilateral trade f
shouldmechanically reflect changes in the productivity of expdrtetative to other exporters,

(z"/ZI )/(ZX/Zi"), weighted by the importance of these exporters in each importing country and
industry,z;7. . Similarly, equation (15) states that changes in WeIfW@, should mechanically
reflect the changes in relative prices due to the changes in productivity of different exporters
with then S providing the economically relevant weights, namely the share of expenditures on
goods from country in country j and industryk.

3.4. Robustness

Our theoretical predictions have been derived under admittedly strong functional form restric-
tions. In particular, we have assumed, agaton and Kortunf2002), that labour productivity

was drawn from an extreme value distribution, Assumption Al. In the working paper version of
this paperCostinot, Donaldson and Komunjé&t010), we have shown, however, that in a world
economy featuring small technological differences across countries, our main cross-sectional
and counterfactual predictions would hold under weaker restrictions on the distribution of intra-
industry productivity shocks. Broadly speaking, the main role of Assumption Al is to help us
go from local to global predictions that hold for arbitrarily large differences across countries and
industries.

4. CROSS-SECTIONAL RESULTS

In this section, we investigate how much observed productivity differences affect the cross-
sectional variation of bilateral trade flows. That is, we test Thedtaming the best available

data on internationally comparable productivity and trade flows across countries and industries.
This procedure will highlight how empirical tests of the Ricardian model should be performed
in a theory-consistent manner.

4.1. Data

Our baseline tests require data of just two types: trade flows and productivity. In this section, we
outline the sources of these data.
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TABLE 1
Data setdescription

Sources OECD STAN Bilateral Trade Database (Edition 2008); GGDC Productivity
Level Database: International Comparisons of Output, Inputs and Produc-
tivity at the Industry Levellpklaar and Timmer2008).

Year 1997

Countries Australia, Belgium—Luxembourg (aggregated into one country unit to enable
a merge with the productivity data), Czech Republic, Denmark, Spain, Fin-
land, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Korea, the
Netherlands, Poland, Portugal, Slovakia, Sweden, U.K.ABd

Industry STAN description ISIC Rev. 3.1Code
Food Food products, beverages, and tobacco 15-16
Textiles Textiles, textile products, leather, and footwear 17-19
Wood Wood and products of wood and cork 20

Paper Pulp, paper, paper products, printing and publishing 21-22

Fuel Coke, refined petroleum products, and nuclear fuel 23
Chemicals Chemicals and chemical products 24
Plastic Rubber and plastics products 25
Minerals Other non-metallic mineral products 26
Metals Basic metals and fabricated metal products, except machinery and equipment 27-28
Machinery Machinery and equipment not elsewhere classified 29
Electrical Electrical and optical equipment 30-33
Transport Transport equipment 34-35

Misc. Manuf Manufacturing not elsewhere classified 36-37

4.1.1. Trade flows. We use trade flow data taken from the OECD Structural Analysis
(STAN) Bilateral Trade Database (edition 2008) relating to the year of 1997. Our selection of
countries and industries (and the year, 1997) is driven entirely by the availability of both bilateral
trade flow data and high-quality productivity data. The resulting sample comprises 21 countries
(18 European countries plus Japan, Korea, and the U.S.) and 13 industries which correspond to
roughly two-digit ISIC codes and span the manufacturing sector, as described irLTable

We use the value of bilateral exports from each of these 21 countt@sach of these 21
countriesj in each industrk as our measure ofl"J 15 Thefinal source of trade data that we
require concerns how much each exporting countimports in each industri relative to its
total expenditure in that industry, in order to correct for the endogenous selection of varieties
that are actually produced domesticallg. ni'f in Theorem 1 above. For this purpose, we use
data on the import penetration ratio (IPR), which is equal%o;z:ﬁ, of each exporting country
and industryk, as reported in the OECD STAN databa8e.

15. Our sample of exporting countries and industries is fundamentally constrained by the intersection of available
trade flow and productivity data. However, for many of the exporter—industry pairs in our sample, data on exports are
available for many import destinations, not just for imports to another of the 21 countries in our sample. The cross-
sectional estimates @f presented below change only trivially if trade flow dataatbavailable import destinations
are included in the sample. Our procedure for computing counterfactuals discussed below, however, requires the full
(square) matrix of imports and exports, so this procedure can only be performed on the 21 countries in our main sample.
It is for this reason that we prefer to use the full square sample throughout.

16. IPR is calculated as imports in the industry divided by the sum of gross output and net imports in the in-
dustry. Fifteen exporter—industry observations have an IPR that exceeds one, a fact that presumably reflects re-export
activity whose domestic gross output content is recorded in other sectors such as the services sector. We replace these
observations with the maximum IPR value, within each exporter, among those values that are less than one.
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4.1.2. Productivity. Ina Ricardian world, variations in relative productivity levels should
be fully reflected in relative producer prices. More specifically, as we formally demonstrate in the
online appendix, for any pair of goodsandk’, and any pair of countries,andi’, Assumptions
Al1-A3 imply that

27 E[pS(@)IQF]E[pf (0)|QF]

27 E[pM0)IQNE[PK (0)1QK]

(16)

Accordingly, we measure the variation in productivity across countries and industries using
differences in producer price indices. Our producer price data are taken from the GGDC Pro-
ductivity Level Database; séeklaar and Timme(2008) for details. In this database, raw price
data observations are first collected at the plant level for several thousand products (often with
hundreds of products per industry, which we interpret as varieties in the context of our model).
This is only made possible due to the use of the PRODCOM system of homogeneous product
descriptions within the European Union (EU) and OECD. The GGDC database uses the PROD-
COM system to pay particular attention to matching products in different countries in order to
control for quality differences. These prices are then aggregated into a unique producer price
index at the industry level using output data. We take the inverse of this producer price index as
the empirical counterpart & in our model*’

Our relative productivity measures across countries and industries are reported ir2 Table
Note that the productivity levels reported in Tallare normalized to one in all industries for
the U.S. and in all countries for the Food industry. It should be clear that this is without any loss
of generality and has no impact on our analysis. At its core, the notion of Ricardian comparative
advantage involves the comparison of two goods and two countries, which is reflected in the fact
thit( predicted export behaviour (in Theorem 1) depends only on the difference-in-difference in
InZ'.

4.2. Baselinegresults

Following Theoreml, we estimate the following log-linear model using the data described

above:
<K 5K / k K
Xij % fﬁr 8'1 i’y
In —oK =4dIn +In — | (17)
Xini/j 4 ZI gljglj

where IikK = InxX Inn is (log) “corrected exports” from countiiyto countryj in industry

i) A
k, or (log) exports adjusted for openness in coumtand industryk, Inn”, and Inz is (log)

observed productivity. The error temﬁ capturesdoth the variation in (log) variable trade costs,
—61In dk as well as any measurement error in bilateral trade flows.

As mentloned earlier, the (log) difference-in-difference in equatid) @nd its empirical
counterpart, equatiori{) above, highlight the essence of trade based on Ricardian comparative
advantage. That is, relative productivity differences across any pair of countries and industries
drive relative export levels to any markgt While it is possible to estimate equatioh7{ in

17. Itis worth pointing out that producer price indices from the GGDC database relate to gross output. We believe
that such measures are well suited for our empirical exercise for two reasons. First, as we discuss below, our theory
is fundamentally one of comparative costs. When perfectly competitive producers (like those in our model) use inter-
mediate inputs in production, it is the prices of their gross output that are equal to their unit costs. Second, the GGDC
database is primarily concerned with collecting internationally comparable output rather than input prices, so we expect
producer prices of gross output to be the best measured proxy for productivity available. Nevertheless, for robustness,
Section4.3below considers an extension that aims to control for variation in input prices (and input intensity).
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TABLE 3
Cross-sectionalesults—baseline

Dependenvariable log (corrected exports) log (exports) log (corrected exports) IRgqes)

(€] @ 3 (O]
log (productivity based on producer prices) 1-123m 1361 6534 11107
(0-0994) (0103) (0708) (0981)
Estimation method oLSs OLS v \
Exporterx importer fixed effects YES YES YES YES
Industry x importer fixed effects YES YES YES YES
Observations 5652 5652 5576 5576
R? 0-856 0-844 0-747 0-460

Notes: Regressions estimating equatioh8) using data from 21 countries and 13 manufacturing sectors (listed in
Tablel) in 1997. “Exports” is the value of bilateral exports from the exporting country to the importing country in a
given industry. “Corrected exports” is “exports” divided by the share of the exporting country’s total expenditure in the
given industry that is sourced domestically (equal to one minus the country and industry’s IPR). “Productivity based on
producer prices” is the inverse of the average producer price in an exporter—industry. Columns (3) and (4) use the log of
1997 R&D expenditure as an instrument for productivity. Data sources and construction are described in full in Section
4.1. Heteroskedasticity-robust standard errors are reported in parentheses. ***Statistically significantly different from
zero at the 1% level.

this form, it is simpler—and closer to existing empirical work—if we estimate the following
econometrically equivalent specification:

INKK = 61 + 0K +0INZ + 2. (18)

In this expressiongj representsin importer—exporter fixed effect aﬁgﬂ animporter—industry

fixed effect!® Underthe assumption that variable trade costs (and other components of the error
term,gikj) are orthogonal to observed productivity, an OLS estimate of equét&)rpfovides an
unbiased estimate of, the extent of intra-industry heterogeneity in this model. We come back
to the plausibility of this orthogonality restriction in a moment.

The first column of Table reports a preliminary estimate 6f from estimating equation
(18) by OLS. In line with the prediction in Theorefn this estimate is positive and statistically
significant® Accordingto this estimate of the productivity-to-exports elasticity, a 1% change in
productivity is, all else held equal, associated with 4 change in exports.

Column (2) of Table3 reports the OLS estimate #fif the dependent variable is not ad-
justed for the difference between fundamental and observed productivity highlighted by The-
orem 1. Without this adjustment, we see that one would tend to overestimate the importance
of productivity differences. This is intuitive. Observed productivity differences are smaller than
fundamental productivity differences since countries with low fundamental productivity lev-
els only produce varieties for which they get very good productivity draws. Thus without our

18. Strictly speaking, equations (17) and (18) only are econometrically equivalent for balanced panels. Since
there are missing observations in our data set, the fixed-effect estimator therefore provides an average of all possible
difference-in-difference estimators (whose actual values depend on the reference country and industry). Note also that
since we have a full set of importer—exporter fixed effedts, our estimation strategy subsumes exporter fixed effects
and importer fixed effects.

19. The standard errors reported in Tal8emd4 are adjusted for unrestricted forms of heteroskedasticity. Stan-
dard errors that are clustered at the exporter—industry level are larger as one would expect if the etfpinerquation
(18) is correlated across exporter destinations. But our preferred estintate sfll statistically significant at standard
levels when clustering at the exporter—industry level.
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correction, one would wrongly infer that smaller productivity differences lead to the same
variation in trade flows, thereby overestimating the elastig¢if trade flows with respect to
productivity.

There are two main reasons to be concerned with the previous OLS estimates of equation
(18) introduced above: (i) simultaneity bias, due to agglomeration effects through which higher
export levels lead to higher productivity levels and (ii) attenuation bias, due to measurement error
in productivity. To attempt to circumvent these two potential sources of bias, we estimate equa-
tion (18) by the method of instrumental variables, with the endogenous regressor—productivity
levels (Ini*i‘)—instrumentedNith (the log of) research and development (R&D) expenditures
at the country—industry levéP. This approach followsEaton and Kortun{2002) andGriffith,
Redding and Van Reeng2004) in modelling technology as a function of R&D activity. In
doing so, our identifying assumption is that relative R&D expenditures are correlated with rela-
tive bilateral trade flows only through their impact on relative productivigyyelative producer
prices.

Our IV estimate of is reported in Column (3) of Tablg?! This is our preferred specifi-
cation. Compared to the OLS estimates, the magnitudei®tonsiderably larger—63 rather
than 112—and still statistically significant. This increase is consistent with the likely scenario
in which our OLS estimates suffer from attenuation bias because producer prices are extremely
difficult to measure accurately in practi€&Finally, in Column (4) of Table3 we see that if
we were not adjusting for the distinction between fundamental and observed productivity, the
value of our estimate @f would be significantly biased upwards (fronb8-to over 11) in both
statistical and economic sens€s.

Taken together, our findings in Tal@ehighlight the importance of the endogeneity of rela-
tive productivity (and hence the importance of IV estimation relative to OLS estimation) and the
importance of correcting for the trade-driven wedge between observed and fundamental produc-
tivity levels, as emphasized in Theordm

In Sections4.3 and4.4 below, we document that our core finding (in Column (3) of Table
3) is robust to a variety of specification checks. Before moving on to these robustness checks,
however, it is important to note that our preferred estimaig &f6-53 is in line with previous
estimates o obtained by researchers using different methodologies. In partiédson and
Kortum (2002) estimaté to be 360 using wage data and eithe28 or 1286 using data on
price gaps between countries (to proxy for trade coSgionovska and Waug2009) amend
the price gap methodology &aton and Kortunf2002) (using both the price dataB&ton and
Kortum (2002) and an improved round of the underlying ICP price data) and estéirtatbe

20. Data on R&D expenditure are from the Analytical Business Enterprise Research and Development (ANBERD)
database collected by the OECD—as used, by Griffith, Redding and Van Reendg2004). Wherever possible this
source aims to break down the R&D expenditures of large, multi-industry firms, as well as those of enterprise-serving
research institutes, into expenditures by output product. Sixteen exporter—industry observations have missing R&D
expenditure information in this data source. We interpolate these observations using the fitted values from a regression
on exporter and industry fixed effects.

21. The instrument has strong predictive power. When run only across exporters and industtigz{ng only
the meaningful variation in the first stage), the heteroskedasticity-rofaatistic in the first stage is equal t&23.

22. As discussed iostinot, Donaldson and Komunjé2010), agglomeration effects hagepriori ambiguous
effects on our estimates 6f

23. By statistical sense, we formally mean the following. If we estimate a full three-equation system (in which
equation 1) is the first-stage relationship between observed productivity and R&D expenditure, eq@atisrthe
second-stage relationship estimated in Column (3) of Taded equationd) is the second-stage relationship estimated
in Column (4) of Table3) that allows for correlation among the error terms across equations, the chi-squared test for
equality of the coefficient estimate 6fin equation 2 and the estimate #in equation 3 has @-value that is smaller
than 0001.
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4.5 regardless of the sample. Finalpnaldson(2008) estimated commaodity-by-commodity
in colonial India using a trade costs approach and finds an average (over 85 commoditi2s) of 5
with a standard deviation of 2-

4.3. Alternative productivity measures

In the previous subsection, we have taken the Ricardian model developed in Qeatiyrseri-

ously, interpreting differences in producer prices as differences in productivity. There are good
reasons to believe that the variation in producer prices may reflect more than productivity differ-
ences in practice. In particular, variation in producer prices may also capture differences in factor
prices and factor intensity across countries and industries, as emphasized in the Heckscher—
Ohlin model. The objective of this subsection is to discuss how the introduction of additional
factors of production would affect our empirical analysis and the interpretation of our empirical
results.

The first thing to note is that our main specification, equati®),(does not rely on the as-
sumption that there only is one factor of production (or that there are no intermediate inputs
to production). Our theory is fundamentally one of comparative costs. These costs relate one-
for-one with producer prices in a perfectly competitive setting, regardless of whether the deter-
minants of production costs are productivity or factor price differences. With multiple factors
of production (or intermediate inputs), the relationship between bilateral imports and producer
prices would still be given by equatioi), with & now representing intra-industry hetero-
geneity in terms of total factor productivity (TFP). Thus, the only issue related to the previous
empirical results is one of interpretation, to which we now turn.

Econometrically, our IV estimates reflect the impact of predicted changes in producer prices
conditional on R&D expenditures. If R&D expenditures affect producer prices only through
changes in TFP, our IV estimates should therefore capture, in line with our Ricardian interpre-
tation, the impact of TFP differences on bilateral trade flows. In order to assess the validity of
this interpretation formally, we estimafeusing a measure of TFP rather than producer price
data. Since the GGDC Productivity Level Database also reports data on the prices and shares of
labour, capital, and material inputs, (log-)TFP measures can be computed in the standard “dual”
fashion as the (log-)difference between the producer price and the sum of (log-)factor prices
weighted by their factor sharé$.

Having constructed this dual TFP measure of productivity in order to control for factor price
and intensity differences, we then regress exports on productivity, as in equalonging this
TFP measure of productivity rather than producer prices as before. The new IV estiriate of
this regression is reported in Column (2) of TablléVhile the estimate af increases slightly to
6-70 (when compared with our previous estimate 63 reported again in Column (1) of Table
4 for convenience), it is still positive and significantly different from zero, in line with Theorem
1. Further, this new estimate lies comfortably within the 95% confidence interval of our previous
estimate (and also within the bounds of estimate8 pfeviously obtained in the literature, as
discussed above). Both of these findings lend strong support to our Ricardian interpretation
of the results presented in Takde Although our use of relative producer prices to measure
relative productivity isa priori consistent with any theory of comparative costs—regardless
of the number of non-tradable factors of production—the estimates in Columns (1) and (2) of
Table 4 imply that Ricardian motives for cross-industry trade (at least those contained in the

24. That is, our “dual” (log-)TFP measure is calculated as Inh'EFm pik - “ikL In wik - O‘ikK Inrik - aikM In mik,
wherethe variables: refer to factor shares of labour, capital, and material inputs, respectively;ika,m#i, andmik refer
to the wage rate, capital rental rate, and material inputs price, respectively.
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TABLE 4
Cross-sectional results—alternative productivity measur

Dependenvariable in all regressions: correctexperts

(1) 2 ®) 4)

[ ductiity based d i 6534w
og(productvity based on producer prices) (0.708)

L. . 7 4***
log(productivity based on producer prices, dual TFP measure) (88(7)4)

- 2.725%*
log(productivity based on real gross output per worker) (0234)

L. ) 4 l *kk
log(productivity based on real gross output, primal TFP measure) (0.202)
Observations 5576 5576 5576 4541
R? 0.747 0-587 0839 0835

Notes: Regressions are based on estimating equatl&) gsing data from 21 countries and 13 manufacturing sectors
(listed in Tablel) in 1997. All regressions estimated use the log of 1997 R&D expenditure as an instrument for the
productivity measure and with exporter-times-importer and industry-times-importer fixed effects included. “Corrected
exports” is the value of bilateral exports divided by the share of the exporting country’s total expenditure in the given
industry that is sourced domestically (equal to one minus the country and industry’s IPR). “Productivity based on
producer prices” is the inverse of the average producer price in an exporter—industry. “Productivity based on producer
prices, dual TFP measure” is the inverse of the average producer price divided by an income share-weighted composite
of producer input prices (wages, capital rental rates, and intermediate inputs), as defined in footnote 24. “Productivity
based on real gross output per worker” is a nominal measure of gross output, deflated by average gross output producer
price indices. “Productivity based on real gross output, primal TFP measure” is the nominal value of gross output
deflated by a producer gross output price index, divided by an income share-weighted composite of input values deflated
by input price indices, as defined in footnote 26. Data sources and construction are described in full in4S&ction
Heteroskedasticity-robust standard errors are reported in parentheses. ***Statistically significantly different from zero
at the 1% level.

componenbdf productivity that is correlated with R&D expenditure) appear to be orthogonal to
Heckscher—Ohlin motives in our data.

Theremaining two columns of Tabkreport estimates from regressions in which two alter-
native proxies for productivity are used. These alternatives are all variations of “primal” mea-
sures of labour and multi-factor productivity: real gross output per worker and TFP calculated
in the primal manner rather than the dual manner introduced aSdachcolumn contains the
resulting estimate af from a separate regression, each of which is an IV regression of equation
(18) using one of the above alternative productivity proxies as a measﬁfe of

Estimatesof § based on these alternative productivity measures are both somewhat lower
than our preferred estimate (in Column (1)). This is consistent with the idea that these alter-
native productivity proxies are mismeasured (and that this measurement error problem is not
entirely obviated by our instrumental variable procedure). As we have argued above, in a Ri-
cardian environment relative producer prices contain all the relevant information about relative

25. This finding echoes the work éflorrow (2010).

26. These alternative productivity proxies are reported in the GGDC database and are constructed in a standard
fashion. That is, real gross output per worker is constructed as the nominal value of gross output per worker in an
exporter—industry divided by the producer price index and “primal” TFP is calculated as I‘fnﬂ'l-?P(lk —aikK In Kik -
aik,_ In Lik _“ikM In Mik, WhereYik, Kik, L!‘, and Mik representeal values of gross output, capital, labour, and intermediate
inputs, respectively (where these real values are computed as the ratio of nominal values over the relevant price index),
and thex terms represent income shares.
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productivity levels. Because our two alternative productivity measures are constructed using data
on producer prices plus additional variables (such as nominal output and the number of workers
in the case of real output per worker), these two measures are effectively our preferred produc-
tivity measure plus some variables carrying additional scope for measuremerft &hat s,

in the light of a Ricardian model, it is natural that Column (1) contains a larger estiméte of
than Columns (3) and (4) because it is based on the measure of productivity that is least likely
to be mismeasured.

4.4. Alternative samples

In this section, we explore the extent to which our estimate-e1%6-53, obtained above, is robust

to a number of alternative samples. The first sample restriction we consider is to country pairs
in the EU only, which we use to test how our results depend on our assumption of orthogonality
between relative trade costs and relative productivity. The second set of sample restrictions we
consider is to observations for which we have increased confidence that producer prices were
collected in a manner consistent with our theory. In all these sample restrictions, our estimate of
@ is reassuringly robust (varying fromeR to 806) and within the bounds of previous estimates

in the literature.

4.4.1. Endogenous trade protection. In Section4.2, we have described two potential
sources of bias of our OLS estimates and discussed how they could be addressed by an IV strat-
egy. This IV strategy, however, does not obviate issues related to endogenous trade protection,
which could bias our estimates downward (§&mstinot, Donaldson and Komunje2010). In
order to address this issue, we now estimate equali8hdgain by IV but on a sample that
includes EU exporters and importers only. Within this free trade area, there are no trade barriers
and, hence, no scope for endogenous trade protection.

The results from restricting our sample to EU members are reported in Column (2) obTable
Our preferred estimate @fis reasonably stable to this sample restriction: it falls-&24which
still lies within the 95 % confidence interval of our previous estimate-68§reported again in
Column (1) of Tables for convenience) and remains statistically significant despite the reduction
in sample size. It therefore appears that our estimates are unlikely to be severely biased due to
endogenous trade protection.

4.4.2. Producer vs. expenditure prices. In an open economy, goods price data are only
informative about domestic productivity differences to the extent that they reflect domestic pro-
ducer rather than expenditure prices. Unfortunately, though most of the GGDC's internationally
comparable price estimates are based on aggregations of micro-level observations of producer
prices, in order to achieve a complete sample the GGDC were forced to include some obser-
vations of expenditure prices. Helpfully, however, the GGDC has published data on the share
of raw price observations, within each country and industry, that were obtained from producer
rather than expenditure accouRfswWe can therefore use this information to explore how our

27. Consider the example of real gross output per worker, a productivity measure that has been used extensively in
the empirical Ricardian literature. This variable is computed as nominal gross output per worker divided by a producer
price index {.e. by our preferred productivity measure). Since nominal gross output per worker should be equal—in our
Ricardian setting—to the nominal wage which is equal across sectors, any divergence between relative real gross output
per worker and relative (inverse) producer prices per worker must be due to measurement error in nominal output per
worker (either because of measurement error in nominal output or the number of workers).

28. This information is tabulated in Appendix Table 3mflaar and Timme(2008). We have digitized the content
of these tables so that it is included in the data set used in the present paper.
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TABLE 5
Cross-sectional results—alternatisamples

Dependenvariable in all regressions: correctexperts

Entire EU member  Producer price data  Producer price data
sample  countries only below median quality above medisadlity

1) (2 3 4
. . -534*** 4.621%** 5.820*** 8.057***
log (productivity based on producer pI’ICE? 708) (0585) (1106) (1.267)
Observations 5576 2162 2795 2781
R? 0747 0-808 0820 0688

Notes: Regressions are based on estimating equatl@®) (@sing data from 21 countries and 13 manufacturing sectors
(listed in Tablel) in 1997. All regressions instrument for productivity using log R&D expenditures in 1997 and include
exporter-times-importer fixed effects and industry-times-importer fixed effects. “Corrected exports” is the value of bilat-
eral exports divided by the share of the exporting country’s absorption in the given industry that is sourced domestically
(equal to one minus the country and industry’s IPR). “Productivity based on producer prices” is the inverse of the av-
erage producer price in an exporter—industry. “Producer price data quality” is based on the percentage of underlying
price data observations within the exporter—industry that were obtained (in the creation of the GGDC data set) using
producer price data rather than expenditure price data. Data sources and construction are described in full4niSection
Heteroskedasticity-robust standard errors are reported in parentheses. ***Statistically significantly different from zero
at the 1% level.

estimateshange as we restrict our sample to the observations that are best suited to measuring
producer productivity—namely, those that are drawn from underlying observations of producer
rather than expenditure prices. In particular, we can rank the exporter—industry observations by
the percentage of price data based on producer prices and split our sample into groups of “price
data quality” based on this ranking.

Our previous results (in Tablésand4) were based on the entire sample of price data.
By contrast, Column (3) of Tablg reports IV results based on two different samples that are
partitioned based on the quality of their producer price data—Column (3) reports results for the
sample that contains only exporter—industry observations with below-median price data quality
and Column (4) presents those with above-median price data quality. Our preferred estimate
of 8 is again reassuringly stable—given the standard errors on these estimates—to this sample
truncation, changing from-63 (whole sample in Column (1)) to& (below-median quality
sample in Column (3)) to-86 (above-median quality sample in Column (4)). Overall, we believe
that the cluster of estimates @fresented in Tablesand5 adds considerable confidence to our
preferred estimate &f = 6-53.

4.5. Summary

What have we learned from the cross-sectional results in Talg8 Our findings can be
summarized as follows:

1. The theoretical prediction of Theorem 1 is consistent with the data: relative export levels
across countries and industries, corrected for trade-driven selection, are positively corre-
lated with relative productivity levels across countries and industries.

29. The median observation in the unrestricted sample, used in Column (1) ofSTableased on underlying price
observations that are composed of 84 % producer prices and 16 % expenditure prices.
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2. Correcting for trade-driven selection is quantitatively important: failure to correct export
flows in this manner leads to bias that is both substantial, fr&d8 & 111, and in the
direction suggested by our Ricardian model.

3. Our preferred estimate @f = 6-53—which captures intra-industry heterogeneity a la
Eaton and Kortun(2002)—is comfortably in line with previous estimates of this coef-
ficient obtained in the literature using different methodologies.

4. The difference between our OLS and IV estimate# sluggests measurement error in
international productivity levels, which resonates well with the numerous challenges of
measuring productivity consistently across countries and industries.

5. Our estimate of is extremely similarg = 6-70, when using a productivity measure that
strips out variation in factor intensity and factor prices across countries and industries,
thereby giving support to the Ricardian interpretation of our results.

6. Our estimates df are robust to a number of sample restrictions that alleviate, among other
things, concerns of bias due to endogenous trade protection.

Taken together these empirical results provide support for the ability of the Ricardian model
to explain the pattern of trade across countries and industries. Comforted by such results, we
go on to ask: In today’s world trading system, how important—in a well-defined, welfare-based
sense—are Ricardian forces?

5. COUNTERFACTUAL RESULTS

In order to investigate further the quantitative importance of productivity differences, we use
Theorem?2 to ask the following counterfactual questions: What if, for any pair of exporters,
there were no fundamental relative productivity differences across industries? What would be
the consequences for aggregate trade flows and welfare? As mentioned earlier, we refer to this
counterfactual exercise as “Removing a country’s Ricardian comparative advantage”, though it
is important to stress that in our model there are also Ricardian metitteis each industry that

our counterfactual exercise will leave intact.

5.1. Preliminary: revealed productivity

The formal procedure to compute our counterfactuals is as described in Se&&idtowever,
to compute the initial productivity Ievelszik, that enter equationl@), we do not use producer
price data from the GGDC Productivity Level Database, which, as argued in Sdctiuiffer
from severe measurement erf8iinstead we use our model to obtain “revealed” measures of
productivity at the country and industry level. Formally, we estimate

Xk = oij + 0%+ of +&f, (19)
wheredj, 55-‘, and(Sik areexporter—importer, importer—industry, and exporter—industry fixed ef-
fects, respectively. According to our model, bilateral trade flows satisfy

INX$ = o1 + X +0InZ+ 2.

. . sk .
Hencegestimates oaSik canbe used to construct revealed measures of productgty,, in coun-
try i and industryk. These measures, which will be used in all of our counterfactual procedures

30. Measurement error did not affect our IV estimate® 0Our IV strategy was precisely designed to overcome
measurement error and obtain coefficient estimates that are purged of attenuation bias.
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below, are reported in Tab®3! As in Table2, productivity levels are normalized to one in all
industries for the U.S. and in all countries for the Food indu$try.

Beforeturning to our counterfactual results, it is worth pointing out that this simple way of
computing revealed measures of productivity, while not the main focus of our paper, provides a
theoretically consistent alternative Balassa’s 1965) well-known index of “revealed compara-
tive advantage”. IlBalassg1965), the revealed comparative advantage of countryndustry
k is formally defined as

K | I K
K K K K
(Xi world/ Z Xi World) / (Z Xirworld/ Z Z X ’World) ,

k'=1 i'=1 i’=1k'=1

WherexikWorld arethe total exports of countryin industryk. Like Balassg1965), we therefore

offer a methodology that uses data on relative exports to infer the underlying pattern of com-
parative advantage across countries and industries. There are, however, two important differ-
ences betweeBalassa’s (1965) approach and ours. First, our empirical strategy is theoretically
grounded. The ranking of the OLS estimates{&ﬁfs—éik), for instance, is the empirical coun-
terpart to the ranking ofin z}‘ —In zbs) in our model. By contrast, Balassa’s index would not,

in general, provide a ranking of relative productivity levels in our model. Second, our approach
fundamentally is about the pairwise comparisons across exporters and industries that are at the
core of comparative advantage in a Ricardian world. Put simply, our fixed effects aim to uncover
which of Portugal and England is the country relatively better at producing wine than cloth.
They do not try to assess whether Portugal is good at producing wine compared to an intuitive
butad hochenchmark. UnlikdBalassg1965), we do not aggregate exports across countries and
industries, which allows us to separate the impact of productivity differences from trade costs
and demand differences.

5.2. Trade flows

We first consider the impact of “removing a country’s Ricardian comparative advantage” on
trade flows. For each country and industry, we compute changes in total exports (to all destina-
tion countries combined) using equatid@]. The first column of Tabl& describes the change

in total exports for the reference countirg. the country whose productivity remains unchanged.

The overall picture is clear: on average, changes in total trade volumes are small. This should not
come as a surprise. By construction, wages, and hence GDP levels, are unchanged in the coun-
terfactual equilibrium. Thus, total trade volumes, which are related to the dispersion of GDP
levels across countries, do not change very much either on average.

Intuitively, the main impact of our counterfactual exercise should be on the share of inter-
industry trade. If there were no trade costs and no differences in preferences across countries,
then “removing a country’s Ricardian comparative advantage” would eliminate all inter-industry
trade,i.e. trade would be balanced industry by industry. To explore this idea systematically, we
use alinear transformation of tBrubel and LIoyd1975) index. For each countrnand industry

31. Using revealed productivity measures does not alter our main results dramatically. If we use observed pro-
ductivity (measured as inverse producer prices) projected on our instrumental variable (R&D expenditure), our most
important result, the world average welfare loss from moving “removing a country’s Ricardian comparative advantage”,
is 2:3% rather than 8% of the total gains from trade. As in Sectibr8, there also is considerable heterogeneity in this
number across countries.

32. Of course, our fixed-effect regression only identifigfs— o) — ©% — éik,/), and therefore(Inz€ —InZ¥’) —

(In zik, —In zik,’). These differences-in-differences, however, capture the essence of Ricardian comparative advantage and
are all that is necessary for our counterfactual predictions.
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TABLE 7
Counterfactual esults—baseline

Outcomevariable ofinterest

% change in Change in index of % change % change in welfare relative
in total exports interindustry trade in welfare to the total gains ftcade

Referenceountry 1) 2) 3) 4

Australia 1852 2457 —2:90 —3911
Belgium and Luxembourg -1.76 4.12 0-71 2:64
Czech Republic 391 5.62 -0-12 -1.26
Denmark 0-60 —2:64 —0-40 —2.18
Spain 3.68 —3-89 —0-46 —7:08
Finland —-5.62 344 014 1.65
France 0-80 —0-49 —0-20 —3.09
Germany —-210 —846 0-14 2:22
Greece 26-35 —11.23 —4.37 —4047
Hungary 1.70 —5.28 —-0-25 -1.62
Ireland —548 —4.31 0-20 0.74
Italy —4.76 —-9.85 014 2.78
Japan —6-12 —24.75 0-35 24.48
Korea 268 —10-15 —-044 —9.60
Netherlands 1.95 —0-94 —0-64 —281
Poland 12.33 —2235 —1.68 —2309
Portugal 844 —1362 —-0-92 -9.12
Slovakia 2.33 1411 0-82 4.64
Sweden —2.98 3.03 0-34 3.30
U.K. 345 —4.04 —0-26 —2-94
u.s. 3.82 —-3.83 —042 —-11.71
World average 2.94 —-5.72 —0-49 —-5.32

Notes:Resultsrom counterfactual calculations in which, one at a time for each country listed (the “reference country”),
every other country in the world is given the reference country’s relative productivity levels across industries, while
adjusting each country’s absolute productivity levels in such a way as to hold nominal wages fixed around the world
(so as to neutralize terms-of-trade effects). The methodology follows Lemma 4 and Theorem 5. Column (1) reports the
resulting proportional change in the total volume of the reference country’s exports. Column (2) reports the resulting
change in the reference country’s index of inter-industry trade (given in See@nthis index takes the value of 100

in the case of pure inter-industry trade and zero in the case of pure intra-industry trade. Column (3) reports the resulting
proportional change in welfare (equal to real income spent on manufacturing) for the reference country; a negative
number indicates a welfare loss. And Column (4) reports this change in welfare as a percentage of the total gains from
trade; a negative number indicates a welfare loss (and a value of 100 means that this loss is equal to that of moving to
autarky). The row labelled “World average” reports the unweighted average of the country-specific results above.

k, we compute 10& 3 ; [x$ — x|/ 304 (s +x¥). If all trade were intra-industry trade,
this index would be equal to zero. Conversely, if all trade were inter-industry trade, it would
be equal to 100. In our data, the mean value of this index i8,2@hich resonates well with

the well-known fact that the majority of trade among OECD countries is intra-industry when
industries are measured at the two-digit level.

The second column of Tabléreports the change in the previous index averaged across all
industries (weighted by total trade in each industry). As expected, the extent of inter-industry
trade goes down for most reference countries. Note, however, that (i) “removing a country’s
Ricardian comparative advantage” never gets rid of all inter-industry trade and (ii) inter-industry
trade may actually go up for some countries after Ricardian comparative advantage has been
removed. Two simple explanations for these patterns are the existence of heterogeneous trade
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costs and heterogeneous preferences across countries in practice. We will come back to both of
these explanations in detail below.

5.3. Welfare

To assess the welfare importance of Ricardian comparative advantage atthe industry level, we now
compute changes in welfare in the reference country using equatdnihe last two columns of
Table7 present the change in welfare associated with removing Ricardian comparative advantage
at the industry level. Seen through the lens of our Ricardian model, eliminating relative industry-
level productivity differences across countries leads, on average,3&@ed&crease of realincome
(spent on manufacturing) or only @386 decrease in the overall gains from trade.

This small average effect, however, masks a tremendous amount of heterogeneity across
countries. Countries such as Australia and Greece appear to be strong beneficiaries of inter-
industry Ricardian motives for trade—they each see over a third of their total gains from trade
eroded by our counterfactual scenario. For a few countries in our sample, however, the removal
of Ricardian comparative advantage actually leads to a welfare gain. Two obvious candidates for
explaining these surprising results—heterogeneous trade costs and heterogeneous tastes—were
mentioned briefly in Sectiob.2. In a standard Ricardian model without trade costs and with
identical homothetic preferences across countries, removing differences in relative productivity
should always lower trade and welfare. In general, however, removing such differences may very
well increase both trade flows and welfare if relative productivity differences are initially corre-
lated with trade costs or differences in preferences. To see this, consider an extreme example in
which two countries have not only different relative productivity levels but also different relative
demand across goods so that their relative autarky prices are identical. These offsetting effects
may be due to endogenous preference formation, Askin (2009), or endogenous technology
adoption, as ilAcemoglu(2003). Since there is initially no trade between these two countries,
it is clear that “removing a country’s Ricardian comparative advantage” would always increase
welfare by creating differences in relative autarky prices, and therefore, gains from trade.

A simple way to investigate the quantitative importance of the two previous explanations is
to redo our counterfactual exercises under the assumption that expenditure shares do not differ
across countries and that trade costs saﬂ#fyt dij d:‘ which, as shown in Corollary, implies
that trade costs no longer affect the pattern of inter-industry #dde results of our new
counterfactuals are reported in TaBleOn average, the welfare impact of Ricardian comparative
advantage as a fraction of the total gains from trade (reported in Column (4) of Sabtes
up from 53% in our baseline scenario to (i) I% in the absence of preference differences;

(i) 9-9% in the absence of trade costs violat'diipz dij -d}‘; and (i) 27-3% in the absence of

both. The results of this extension for all countries can be found in the working paper version
of this paperCostinot, Donaldson and Komunjé2010). As expected, the welfare change only
becomes negative for all countries under scenario (iii) since only this scenario assumes a world
in which the only source of comparative advantage is relative productivity differences.

33. Normalizing the welfare impact of Ricardian comparative advantage by the total gains from trade allows us to
ignore considerations related to the size of the non-tradable sector, which would affect both in a proportional manner.
The formula for the total gains from trade is a simple multi-sector extension of the formula ugsddsyand Kortum
(2002). It can be founds.g.in Donaldson(2008).

34. Formally, in the scenarios that follow, in scenario (i), we assume that shares of expendjitinuntryj
and industnk are equal to the world share of expenditure in indukt¢go that all countries have the same expenditure

shares). And in scenario (ii), we assume that trade flows are equakilﬁo:l:nb‘ij +()"J-‘ +b‘ik, i.e. we assume that the
error term,aikj, in equation 19) exists only due to measurement error in trade flows and should be disregarded in a

counterfactual analysis that assurdﬁs: dij - d:-‘.
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TABLE 8
Counterfactual results—ralstness

Outcomevariable ofinterest

%changein Changeinindex % change % change in welfare relative
total exports inter-industry trade in welfare to the total gains ftade

Counteréctual scenario 1) 2) ?3) 4

Baselineg(as in Tabler) 2.94 —-5.72 —-0-49 —5.32
No preference differences -GB -5.29 —1.59 —-11.74
No trade costs 36 —-1117 —0.74 —-9.92
No preference differences or trade costs  -463 -1117 —2.83 —-2731

Notes:Resultsrom counterfactual calculations in which, one at a time for each country listed (the “reference country”),
every other country in the world is given the reference country’s relative productivity levels across industries, while
adjusting each country’s absolute productivity levels in such a way as to hold nominal wages fixed around the world
(so as to neutralize terms-of-trade effects). The methodology follows Lemma 4 and Theorem 5. Column (1) reports the
resulting proportional change in the total volume of the reference country’s exports. Column (2) reports the resulting
change in the reference country’s index of inter-industry trade (given in Seée@nthis index takes the value of 100

in the case of pure inter-industry trade and zero in the case of pure intra-industry trade. Column (3) reports the resulting
proportional change in welfare (equal to real income spent on manufacturing) for the reference country; a negative
number indicates a welfare loss. And Column (4) reports this change in welfare as a percentage of the total gains from
trade; a negative number indicates a loss (and a value of 100 means that this loss is equal to that of moving to autarky).
Unweighted world average effects (averaging across all reference countries) of such counterfactuals are reported. The
methodology follows Lemma 4 and Theorem 5. The “No preference differences” scenario calculates world expenditure
shares across goods such that these shares are identical across countries. The “No trade costs” scenario calculates trade
flows in such a way that idiosyncratic trade cost differences are zero; see footnote 34 for details.

The previous results point towards the importance of trade costs and demand differences
for thinking about the consequences of technology diffusion. In a textbook Ricardian model, if
China gets access to the U.S.'s technology, then trade flows and welfare will fall in the U.S;
see,e.g. Samuelsor(2005). By contrast, in a world with trade costs and demand differences
across countries, the exact same pattern of technology diffusion may very well increase trade
and welfare in both countries. While exploring this possibility further is not the focus of our
paper, the results of Tab8are consistent with this idea.

6. CONCLUDING REMARKS

The Ricardian model has long been perceived as a useful pedagogical tool with, ultimately, little
empirical content. Over the last 20 years, the Heckscher—Ohlin model, which emphasizes the
role of cross-country differences in factor endowments, has generated a considerable amount of
empirical work (seeg.g.Bowen, Leamer and Sveikauska887;Trefler, 1993,1995;Davis and
Weinstein 2001;Schott,2004). In contrast, the Ricardian model, which emphasizes productivity
differences, has generated almost none.

The main reason for this lack of attention is not the existence of strong beliefs regarding the
relative importance of factor endowments and technological considerations. Previous empirical
work on the Heckscher—Ohlin model unambiguously shows that technology matters. It derives
instead from the obvious mismatch between the real world and the extreme assumptions of the
standard two-country Ricardian model. Although the deficiencies of the Ricardian model have
not lead to the disappearance of technological considerations from the empirical literature, it has
had a strong influence dmowthe relationship between technology and trade has been studied.
In the empirical Heckscher—Ohlin—Vanek literature, the factor content of trade remains the main
variable of interest.
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Building on the seminal work dEaton and Kortun2002), the present paper has developed a
structural Ricardian model that puts productivity differences at the forefront of the analysis of a
central question in international economics: What goods do countries trade? Using this model,
we have estimated the impact of productivity differences on the pattern of trade across coun-
tries and industries without having to rely on bilateral comparisons inspired by a two-country
model, unclear orthogonality conditiorej hocmeasures of export performance, or measures
of productivity that are systematically biased due to trade-driven selection—all of which are
limitations of the existing empirical Ricardian literature.

Using trade and productivity data from 1997, we have estimated the key structural parameter
of the modelg, which governs the elasticity with which increases in observed productivity lev-
els,ceteris paribus, lead to increased exports. Our estimate of this elagtieit§;53, is positive
(in agreement with our Ricardian theory), robust to alternative estimation procedures, and lies
comfortably within the range of existing estimates in the literature, despite our novel method
for obtaining it. Finally, we have used our model to quantify the importance of inter-industry
Ricardian forces in today’s world economy by measuring the welfare consequences of removing
Ricardian comparative advantage at the industry level. According to our estimates, the disappear-
ance of such forces would only lead, on average, t@&5lecrease in the total gains from trade.
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