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Abstract

We bring together time series data on trade, production, and input-use to compute
the value added content of trade over the past four decades (1970-2009). Comparing the
ratio of value added to gross exports, we measure changes in production fragmentation
for the world as a whole, individual countries, and bilateral trade partners. For the
world, the share of value added in trade falls by 10 to 15 percentage points, with two-
thirds of the decline occurring in the last two decades. Across countries, declines range
from roughly zero to 25 percentage points, with large declines concentrated among
fast growing countries undergoing structural transformation. At the bilateral level,
there are large differences in size and timing of changes across trading partners. We
exploit this variation to show that both non-policy and policy barriers to trade are
significant determinants of bilateral fragmentation. For example, we find that regional
trade agreements promote fragmentation.
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The cross-border fragmentation of production is a defining feature of the modern interna-

tional economy. This fragmentation entails ‘slicing up’ production stages or tasks required to

produce output and distributing them across countries to minimize production costs. While

fragmentation anecdotes (from Barbies to iPods) abound, systematic measurement for many

countries over long periods of time has proven difficult.

The fundamental problem is that the national accounts architecture is set up to collect

data on gross flows of goods across borders, not the locations at which value is added at

different stages of the production process. As Grossman and Rossi-Hansberg (2007, p.66-67)

put it:

“The measurement of trade as gross values of imports and exports was perhaps

appropriate at a time when trade flows comprised mostly finished goods. But

such measures are inadequate to the task of measuring the extent of a country’s

international integration in a world with global supply chains...we would like to

know the sources of the value added embodied in the goods and the uses to which

the goods are eventually put.”

To address this measurement challenge, this paper brings together four decades (1970-

2009) of data on trade, production, and input-use at the sector level. Using this data, we link

national input-output tables together using bilateral trade data to form a synthetic global

input-output table for each year that tracks shipments of both final and intermediate goods

between countries. This framework captures both simple bilateral production chains in which

imports from one country are used to produce final goods exported back to that country

(e.g. imports of Canadian auto parts by US producers who export cars to Canada). It also

captures complex multi-country production chains that involve three or more countries (e.g.,

imports of computer parts by China from Korea that are embodied in Chinese exports to

the U.S.).

Using this framework, we compute the value added content of bilateral trade over four

decades, tracking value added from the location at which it is produced to the destination at

which it is absorbed in final demand. The ratio of these value added flows to gross trade is

a measure of the double-counting in trade statistics. The magnitude of this double-counting

is an important metric of fragmentation in the context of models of sequential, multi-stage

production processes, in the spirit of Yi (2003, 2010).1

Our approach builds upon an active recent literature on global input-output linkages,

including work by Bems, Johnson, and Yi (2010), Trefler and Zhu (2010), Daudin, Rifflart,

1See also Dixit and Grossman (1982), Baldwin and Venables (2010), or Costinot, Vogel, and Wang (2011)
for related sequential models.
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and Schweisguth (2011), Erumban, Los, Stehrer, Timmer, and de Vries (2011), Johnson

and Noguera (2012), and Koopman, Powers, Wang, and Wei (2011). To date, this literature

mostly focuses on measuring trade in value added over short time spans, often a single recent

year. As such, this work does not exploit information on changes in fragmentation through

time.

Extending the framework to cover four decades entails some data compromises relative to

this related work, but the long time series yields substantial payoffs. In particular, changes in

the ratio of value added to gross trade through time can be used to identify the fundamental

drivers of fragmentation or calibrate models that measure the consequences of the rise in

fragmentation. In analyzing changes in fragmentation through time, our work is clearly

also related to Hummels, Ishii, and Yi (2001). Hummels et al. constructed measures of

fragmentation for 10 countries over 1970-1990, analyzing each country in isolation rather than

employing the type of global framework adopted in the more recent literature.2 Our work

extends both country and time coverage relative to Hummels et al., and most importantly

adds a bilateral dimension to the measurement of fragmentation over time.

Turning to results, we start by highlighting changes for the world as a whole, individual

countries, and among bilateral trade partners. For the world as a whole, the ratio of value

added to gross exports – which we term the ‘VAX ratio’ – is declining over time, falling

by roughly ten to fifteen percentage points over the four decades (depending on the exact

measure and years). Further, this decline is not uniform through time. There are three

distinct periods: the world VAX ratio falls during the 1970’s, is stable through the 1980’s,

and then falls dramatically during the 1990’s. The decline in the VAX ratio after 1990 is

roughly three times as fast as the decline prior to 1990.

Beneath these global results, there is also important variation across countries and trad-

ing partners. Both the magnitude and timing of declines in VAX ratios differ across coun-

tries. Across countries, the median decline is roughly −0.16, with an interdecile range of

(−0.24,−0.05). We show that these changes tend to be largest for fast growing countries

undergoing structural transformation, but some advanced countries (e.g., Germany) also

experience large declines. Across bilateral trading partners, the magnitude and timing of

declines in VAX ratios also differs. For example, the interdecile range of VAX declines across

U.S. export destinations is (−0.31, 0.04).

We exploit this heterogeneity in the size and timing of changes in VAX ratios at the

bilateral level to shed light on the role of trade costs in shaping fragmentation. The key

2Chen, Kondratowicz, and Yi (2005) extended this analysis using data through the late 1990’s. For
analysis of global input-output frameworks over the 1995-2005 time span, see also Wang (2011) and Erubman
et al. (2011).
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questions are: (a) do countries with low bilateral trade costs have more fragmented produc-

tion, and (b) do changes in trade costs explain changes in fragmentation? Because VAX

ratios vary through time for individual trade partners, we are able to study the role of bi-

lateral trade costs controlling for time-varying source and destination characteristics, as well

as time-invariant pair-specific attributes.

We first analyze the effect of non-policy trade barriers, including standard trade costs

proxies such as distance and common language on VAX ratios. We then turn to exploring

the role of trade agreements, focusing on the adoption of bilateral/regional trade agreements.

In both these exercises, we look not only at the response of the VAX ratio, but also at the

response to the underlying gross and value added trade flows to shed light on the mechanics

through which VAX ratios change.

We find that both non-policy and policy barriers to trade are significant determinants

of fragmentation. Among non-policy trade barriers, distance is particularly important. In

the cross-section, bilateral VAX ratios are higher for distant trading partners, meaning that

on average value added exports ‘travel further’ than gross exports. Bilateral VAX ratios are

also lower for country pairs that share a common language or colonial origin. In the time

series, distance is a strong predictor of changes in the VAX ratio. That is, declines in VAX

ratios are largest among proximate trading partners.3 While both gross and value added

trade become more sensitive to distance over time, the change for gross trade is significantly

larger than trade in value added. This suggests that fragmentation may be important in

explaining the increasing influence of distance on trade, highlighted by Disdier and Head

(2008). In contrast to distance, common language and colonial origin do not predict changes

in bilateral VAX ratios.4

Turning to policy trade barriers, we document that regional trade agreements have large

effects on bilateral value added to export ratios. In level terms, these agreements appear

to raise both gross and value added trade, however gross trade rises by substantially more.

For a typical agreement, gross trade rises by around 30% and value added trade rises by

23%, so the VAX ratio falls by 7%. Further, deep trade agreements (e.g., common mar-

kets and economic unions) are associated with larger changes in fragmentation than shallow

agreements (e.g., preferential agreements or free trade agreements). These results are in-

teresting first because they demonstrate that trade policy changes influence fragmentation.

3See also Johnson and Noguera (2011) for additional discussion and evidence of this relationship.
4That is not to say that they do not influence trade, however. Both gross and value added trade tend

to grow more slowly among countries with common languages or colonial history, indicating the declining
importance of these variables in explaining trade over time, but the effect on gross and value added trade is
symmetric which leaves the VAX ratio unchanged. On the declining importance of colonial origin on trade,
see Head, Mayer, and Reis (2010).
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They are also interesting in light of the fact that many agreements were explicitly adopted to

promote integration of production chains across borders, yet systematic evidence that they

have succeeded in this goal is scarce.5

The paper proceeds as follows. Section 1 articulates the input-output framework we use

to construct measures of trade in value added. Section 2 then discusses how we construct

the empirical counterpart to this framework from available data, with details on data and

methods in the appendix. Section 3 provides a general overview of variation in VAX ratios

through time for the world, individual countries, and bilateral trade partners. We then

explore the role of trade costs in shaping bilateral flows in detail in Section 4. Section 5

concludes.

1 Tracking Value Added in Global Supply Chains

We begin this section by laying out the global input-output framework, drawing on the

exposition in Johnson and Noguera (2012).6 We then demonstrate how to compute the

value added content of trade, and discuss the interpretation of gross versus value added

trade statistics.

1.1 A Global Input-Output Framework

To start, let there are S sectors and N countries in a given year t. Output in each sector

of each country is produced using domestic factors (capital, labor, etc.) and intermediate

inputs, which may be sourced from home or foreign suppliers. Output is tradable in all

sectors, and may used to satisfy final demand or used as an intermediate input in production

at home or abroad. Final demand itself consists of consumption, investment, and government

expenditure.

To track shipments of final and intermediate goods, we define a four-dimensional nota-

tion denoting source and destination country, as well as source and destination sectors for

shipments of intermediates. We define i to be the source country, j to be the destination

country, s to the be the source sector, and s′ to be the destination sector.

5Orefice and Rocha (2011) document that trade in parts and components increases by the same amount
as ‘final’ trade (i.e., total trade less parts and components trade) with adoption of regional trade agreements,
and that they respond similarly to increasing depth of trade agreements. Our results find a stronger role
for trade agreements in promoting fragmentation. There may be several reasons for this. First, our measure
covers all trade in intermediates, is therefore more comprehensive than parts and components trade. Second,
our framework tracks how intermediates are used in destinations. Parts and components may represent trade
in value added if they are absorbed in the destination. We discuss this issue further in Section 1.3.

6We refer the reader to that paper for an extended discussion regarding interpretation of value added
trade statistics.
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For a given year, the global input-output framework organizes these flows using market

clearing conditions. Because we observe the value of cross-border transactions in the data,

not quantities shipped, we write these market clearing conditions in value terms. Since

markets implicitly clear in quantities, this means we are evaluating the underlying quantity

flows at a common set of prices to ensure that revenue for producers equals the value of

expenditure across destinations. We write the market clearing condition as:

yit(s) =
∑
j

fijt(s) +
∑
j

∑
s′

mijt(s, s
′), (1)

where yit(s) is the value of output in sector s of country i, fijt(s) is the value of final goods

shipped from sector s in country i to country j, and mijt(s, s
′) is the value of intermediates

from sector s in country i shipped to sector s′ in country j. Gross bilateral exports, denoted

xijt(s), include goods destined for both final and intermediate use abroad: xijt(s) = fijt(s)+∑
s′ mijt(s, s

′). Then Equation (1) equivalently says that output is divided between domestic

final use, domestic intermediate use, and gross exports.

These market clearing conditions can be stacked to form a compact global input-output

system. First, we collect the total value of production in each sector in the S × 1 vector

yit. Second, we organize shipments of final goods from i to country j into S × 1 vectors fijt.

Third, we denote use of intermediate inputs from i by country j by Aijtyjt, where Aijt is an

S × S input-output matrix with elements Aijt(s, s
′) = mijt(s, s

′)/yjt(s
′). A typical element

describes the value of output from sector s in source country i used in the production of

sector s′ output by destination country j.7

Then we can rewrite the S ×N market clearing conditions from Equation (1) as:

yt = Atyt + ft, (2)

with At ≡


A11t A12t . . . A1Nt

A21t A22t · · · A2Nt

...
...

. . .
...

AN1t AN2t . . . ANNt

 , yt ≡


y1t

y2t
...

yNt

 , and ft ≡


∑

j f1jt∑
j f2jt
...∑

j fNjt

 . (3)

We refer to At as the global input-output matrix. It concisely summarizes the entire structure

of within-country, cross-country, and cross-sector intermediate goods linkages at a given point

in time.

7The vector of gross exports from i to j (i 6= j) is then xijt = fijt + Aijtyjt.

6



Rearranging (2), we can write the output vector as:

yt = (I − At)
−1ft. (4)

The matrix (I − At)
−1 is the “Leontief inverse” of the global input-output matrix. The

Leontief inverse tells us how much output from each country and sector is required to produce

a given vector of final goods, where here the vector of final goods is total world absorption of

final goods ft. The gross output required to produce ft includes the final goods themselves

plus all the intermediate goods used up in successive rounds of the production process.8

1.2 The Value Added Content of Trade

To compute the value added content of trade, we split ft into destination specific vectors

f̄jt, where f̄jt is the (SN × 1) vector of final goods absorbed in country j. Then (4) can be

re-written as:

yt =
∑
j

(I − At)
−1f̄jt with f̄jt ≡


f1jt

f2jt
...

fNjt

 . (5)

Inside the summation, (I − At)
−1f̄jt is the vector of output used directly and indirectly to

produce final goods absorbed in country j.

Then, (5) decomposes output from each source country i into the amount of output from

the source used to produce final goods absorbed in each destination. To formalize this, we

define: 
y1jt

y2jt
...

yNjt

 ≡ (I − At)
−1f̄jt, (6)

where yijt is the S × 1 vector of output from i used to produce final goods absorbed in j.

Given that we know how much output from each source is needed to produce final goods

in each destination, then we can naturally compute the value added from the source country

embedded in this output. If the ratio of value added to gross output in sector s of source

country i is rit(s) = 1−
∑

j

∑
s′ Ajit(s

′, s), then the amount of value added from sector s in

8The Leontief inverse can be expressed as a geometric series: (I − A)−1 =
∑∞

k=0 A
k. If we multiply the

k-th order term by the final demand vector – i.e. compute Akf̄jt – then we get the value of intermediates
used in the k-th step of the production process. The zero order term is the final goods themselves, the first
order term is the intermediates used to produce the final goods, the second order term is the intermediates
used to produce the intermediates, and so forth.
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country i embodied in final goods absorbed in j is: vaijt(s) = rit(s)yijt(s), where yijt(s) is

an individual element of yijt defined above. We refer to vaijt(s) as value added exports.

1.3 Measuring Fragmentation using Value Added Trade Statistics

As discussed in the introduction, changes in fragmentation through time – whether for the

world, for individual countries, for bilateral partners – can be put to use to shed light on the

driving forces and consequences of the disintegration of production. We briefly highlight how

the value added to export ratio can be linked to alternative models with fragmented produc-

tion. We also discuss how value added trade is linked to measures of trade in intermediate

goods, and some caveats regarding interpretation of our measures of bilateral fragmentation.

Models with Fragmented Production The basic accounting system outlined in Equa-

tions (1) and (2) above could be consistent with various underlying models of production,

as it simply tracks shipments of intermediates and final goods by industrial sector. Mov-

ing from Equations (2) to (4) entails making the assumption that the production process

is circular, composed of an effectively infinite number of stages, where input requirements

and the uses of output from each stage are identical. These are strong restrictions, yet they

are embedded into many standard trade models. For example, multi-sector models in which

gross output is produced using a CES composite intermediate input, which aggregates trad-

able intermediates from different sectors and sources, satisfy these restrictions.9 Therefore,

the procedure for computing the value added content of trade naturally emerges from these

models.

Models of sequential multi-stage production also generate flows of final and intermediate

that are consistent with Equations (1) and (2).10 In this type of model, there are a sequence

of production stages that must be performed in order, with intermediate output being passed

from one stage to the next. When stages are split across countries, this feature generates

gross trade that is a multiple of trade in value added. This discrepancy between gross and

value added trade flows is a key metric that summarizes how much fragmentation has taken

place.

It is worth noting, however, that multi-stage models do not necessarily feature circularity

in the production process, and therefore need not imply the inversion operation in Equation

(4). For example, in the multi-stage model of Yi (2003), stage one goods are used to produce

9See Caliendo and Parro (2010), Eaton, Kortum, Neiman, and Romalis (2011), and Levchenko and Zhang
(2011) for Ricardian models with these features. Armington type gravity models with production functions
for gross output also typically satisfy these restrictions.

10See Yi (2003, 2010), Dixit and Grossman (1982), Baldwin and Venables (2010), or Costinot, Vogel, and
Wang (2011).

8



stage two goods, which are then fed into final demand channels. As such, there is no

“intermediate goods loop” in which stage two goods are used as intermediates in stage one.

Nonetheless, that model does produce double-counting in trade statistics, even it does not

imply the exact accounting procedure in this paper.11

Trade in Intermediates Several related studies have looked at measures of intermediate

goods trade or trade in parts and components as a measure fragmentation.12 In contrast,

we measure fragmentation using value added to export ratios. This distinction is important.

While countries must trade intermediates in order to have gross trade in excess of value

added trade, trade in intermediates does not guarantee this result.

Specifically, what matters is how intermediates are used in particular destinations. If

shipments of intermediates are used to produce goods absorbed in the destination, then

these intermediate goods shipments represent trade in value added. In contrast, if the

intermediates are used to produce goods absorbed either in the source or third countries,

then these drive a wedge between gross and value added trade. In this way, our definition

of fragmentation is akin to the definition of vertical specialization introduced by Hummels,

Ishii, and Yi (2003), though not identical.13

The fact that intermediate goods trade and value added to export ratios capture different

information helps us reconcile the observation that the share of intermediate goods in trade

has not apparently risen over time, documented for example by Chen, Kondratowicz, and

Yi (2005), with our observation below that the global ratio of value added to gross trade is

falling. It also guides us in intrepreting the results in Orefice and Rocha (2011) that suggest

that trade in parts and components rises by the same amount as all other trade following

adoption of trade agreements.

Measuring Bilateral Fragmentation In empirical work below, we use the ratio of bilat-

eral value added exports to gross trade
(

vaijt
xijt

)
as a measure of fragmentation of production

between a particular exporter and importer. An important point to keep in mind is that

bilateral trade in value added is shaped by both bilateral production chains, which involve

back-and-forth shipments of intermediates and final goods between bilateral partners (e.g.,

11The multi-stage model in Yi (2010) does include an intermediate goods loop. Even here, the mapping
to our framework is not straightforward, as one needs to allocate goods, which are not all produced with
identical input use patterns, to broad sectors in order to match our data. Mapping these models to the type
of data we assemble remains a topic for future work.

12Among others, see Yeats (2001), Baldwin and Taglioni (2011), Behar and Freund (2011), and Orefice
and Rocha (2011).

13See Bems, Johnson, and Yi (2010, 2011) for further discussion regarding intermediate goods trade versus
vertical specialization.
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trade between the U.S. and Mexico), as well as multilateral production chains that involve

three or more countries (e.g., triangular trade between Japan, China, and the U.S.).

In the case of bilateral chains, interpretation of the bilateral value added to export ratio

as a measure of fragmentation is entirely straightforward. The value added to export ratio

tends to be low when goods shipped to a destination are used as intermediates to produce

final goods absorbed at home. If intermediate goods pass back-and-forth across the border

multiple times, then this tends to depress the value added to export ratio further. Moreover,

the value added to export ratio will also be low when foreign intermediates are used to

produce final goods shipped to the destination.

In the data, bilateral chains are the most important type for many country pairs. How-

ever, multilateral chains are also an important feature of the data. Here too the bilateral

value added to export ratio is informative regarding the degree of bilateral fragmentation,

though the interpretation is slightly different.

Within a triangular production chain involving countries i, j, and k, the bilateral value

added to export ratio for the ij pair will be lower when intermediates shipped from i to j are

used to produce goods that are ultimately absorbed in k. So here again the bilateral value

added to export ratio between i and j is informative regarding the extent of fragmentation

for this pair. At the same time this chain lowers value added relative to gross trade for flows

from i to j, it will raise value added to gross trade for flows from i to k. If this triangular

chain arises because it is cheap to ship inputs from i to j relative to shipping inputs directly

from i to k, this is exactly the kind of variation we want to exploit in linking fragmentation

to trade costs.

As one layers bilateral chains on top of multilateral chains, as well as extends the logic to

allow goods to cross borders many times before reaching their final destination, tracking flows

becomes increasingly complicated. Nonetheless, this intuition suggests that bilateral value

added to export ratios pick up useful information on the extent of bilateral fragmentation.

2 Empirical Procedure

To measure the value added content of trade, we need to track output yt, the global input-

output matrix At, final goods shipments fijt, and value added to output ratios rit through

time. We confront two challenges in doing so. First, sector-level production, input use, and

trade data for many countries is incomplete and split across sources. Therefore, we need

a procedure to clean and harmonize available data sources. Second, national input-output

tables do not disaggregate imported inputs and final goods across sources. Therefore, we

need to apply proportionality assumptions to construct bilateral input use and bilateral

10



final goods shipments.14 We describe how we deal with these two issues here, and relegate

additional details regarding data construction to Appendix A.

2.1 Data Sources

We take annual trade data from national accounts and commodity trade statistics, annual

production data from national accounts and industrial output sources, and data on final

and intermediate use from national accounts and input-output tables for benchmark years.

Broadly speaking, our objective is to assemble hard data where available, fill in missing

data where needed using reasonable imputation techniques, and impose internal consistency

across data sources and countries using accepted harmonization procedures.

We focus on building the global input-output framework for four composite sectors: (1)

agriculture and natural resources; (2) non-manufacturing industrial production; (3) manu-

facturing; and (4) services.15 We focus on four sectors for several reasons. First, aggregation

allows us to maximize the country and time coverage of our estimates. National accounts

GDP data for these four sectors is available for nearly all countries after 1970. Aggrega-

tion also facilitates linking data sources recorded in different sector classifications.16 Second,

only a small number of sectors are needed to generate accurate value added estimates in

practice.17 We lose relatively little information in aggregation because individual sectors

within the four composite sectors are more similar among themselves than to sectors in

other composite sectors.18

Data availability governs the set of countries that we include in the global input-output

framework. For information on input use and disaggregate final demand, we rely on na-

tional input-output tables from the OECD Input-Output Database. We use tables for 42

countries, covering the OECD plus many emerging markets (including Brazil, Russia, India,

and China). For 32 of these countries, we have benchmark years spanning the mid-1990’s

to mid-2000’s. For the remaining 10 countries (the G7 plus Australia, Denmark and the

Netherlands), we use benchmark years extending far back as the early 1970’s. All together,

these 42 countries – listed in Appendix A – account for roughly 80% of world GDP and

14Many national statistical agencies report domestic and imported use separately by sector. Even here,
these official statistics are often based on proportionality assumptions of the type we use below, not con-
structed from survey methods or administrative records.

15See Appendix A for how various sector classifications map into these sectors.
16Aggregation facilitates linking input-output tables, which are recorded using different sector definitions

across countries and time. It also facilitates linking trade data, recorded by commodity, to production and
input use data, recorded by industry.

17We document this assertion in Appendix B using data for one year in which we have access to more
disaggregated data.

18Roughly speaking, these sectors satisfy the ‘homogeneity principle’ that guides construction of sector
aggregates in input-output tables. See the appendix for further discussion.
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70-80% of world trade in the 1970-1990 period, rising to cover over 90% of GDP and 80-90%

of world trade after 1990.19 The remaining countries are aggregated into a rest of the world

composite.20

In using this input-output data, we face two challenges. First, even where benchmark

years are available, data in the input-output tables often is not consistent with national

accounts aggregates or sector-level trade data available from other sources.21 Second, bench-

mark years are infrequent, unevenly spaced, and asynchronous across countries. To construct

a time series or even conduct cross country comparisons at a single point in time, we therefore

need to extrapolate the benchmark data to non-benchmark years.

To deal with both these challenges simultaneously, we apply a procedure that imputes

input-output coefficients subject to hard data constraints. In this procedure, unknowns

include sector-level input shares for domestic and imported intermediates and sector-level

shares for domestic and imported final goods absorption. In each year, we solve for these

unknowns using a constrained least squares procedure. We solve for shares that are: (a) close

(in a least squares sense) to the observed coefficients in benchmark years (or interpolations

thereof if two or more benchmark years are available); and (b) satisfy adding up constraints

in the data. We impose that the solution must match sector-level GDPs, sector-level exports

and imports, and aggregate final demand data exactly. For details, see Appendix A.

The result of this procedure is a dataset containing gross output by sector (yit), value

added to output ratios by sector (rit), final demand for domestic and imported goods by

sector (fiit and fIit), and domestic and imported intermediate use matrices (Aiit and AIit)

for 42 countries. In our calculations, we do not use any information on these objects for

the rest-of-the-world composite. To make this work, we assume that all exports from the

42 countries in our data to the rest-of-the-world composite region are absorbed there.22 We

discuss the robustness of our results to relaxing this assumption in Appendix B.

19These tables can be supplemented using various sources to extend country and time coverage, including
national sources and other regional input-output databases. For example, we are working on extending the
data using IDE-JETRO regional input-output tables for Asia.

20Due to lack of data, we are unable to report estimates for the Czech Republic, Estonia, Russia, Slovakia,
and Slovenia separately during the 1970’s and 1980’s. These countries are included in the rest of the world
composite during this period, and we include them separately starting in the 1990’s.

21These discrepancies are partly due to differences in definitions across different data sources. For example,
exports in the input-output tables are typically recorded at a different set of prices than in the trade and
national accounts data. They also arise due to measurement error. Based on examination of OECD data
documentation, we believe measurement error is more severe in the input-output data than in the national
accounts sources. Therefore, we give priority to national accounts data in our reconciliation procedures.

22Assuming that exports to the rest-of-the-world are composed entirely of final goods is sufficient to
guarantee this assumption holds. However, this assumption can also hold if exports of intermediates to the
rest-of-the-world are only used to produce final goods absorbed there. Further, we allow imports by the 42
countries from the rest-of-the-world to be composed of both final and intermediate goods.
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2.2 Assembling the Global Input-Output Framework

To set up the global input-output framework, we need to split imported input use and final

goods imports across bilateral trading partners. That is, we need to turn AIi into bilateral

matrices Aji, and turn fIi into bilateral final goods shipments fji for all j 6= i.

To do so, we use bilateral trade data and a proportionality assumption. Specifically, we

assume that within each sector imports from each source country are split between final and

intermediate use in proportion to the overall split of imports between final and intermediate

use in the destination. Further, conditional on being allocated to intermediate use, we

assume that imported intermediates from each source are split across purchasing sectors in

proportion to overall imported intermediate use in the destination. These assumptions can

be written as:

Aji(s, s
′) = AIi(s, s

′)

 xji(s)∑
j

xji(s)

 and fji(s) = fIi(s)

 xji(s)∑
j

xji(s)

 .

To form the bilateral trade shares here and sector-level trade data used above, we combine

national accounts and bilateral trade data sources. Aggregate exports and imports, covering

all sectors, are taken from the national accounts. We split this aggregate trade across goods

and services sectors using balance of payments statistics. Then we further disaggregate

non-services trade across sectors and countries using trade shares constructed from bilateral

commodity trade data, including the NBER-UN Database for 1970-2000 and the CEPII

BACI Database for 1995-2009. As is well known, bilateral services trade data has not

been collected with the same scope and rigor as goods trade data. We therefore apply an

imputation procedure to form bilateral services trade shares. See Appendix A for details

regarding how we combine trade data sources.

3 The Evolution of Fragmentation

This section summarizes how the value added content of trade has evolved over the last four

decades. We present results for the world as a whole, for individual countries aggregated

across trading partners, and for bilateral trading partners separately. We focus on describing

stylized facts in this section, and defer formal analysis to the next section.
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3.1 Results for the World

We begin by plotting the value added to export ratio for the world as a whole in Figure 1,

computed as the sum of value added exports divided by the sum of gross exports across all

country pairs and sectors: V AXworld ≡
∑

i 6=j

∑
s vaij(s)∑

i6=j

∑
s xij(s)

. Note that one can also think about

this ratio as an export-weighted average of country-level or bilateral VAX ratios.

We plot two series in the figure: one that includes shipments to/from the rest of the

world and one that excludes them. The VAX ratio including the ROW is larger than the

VAX ratio excluding this region, partly due to our assumption that all exports to the ROW

are absorbed there. In most figures below, we plot results including these shipments. One

can view these as conservative estimates of the VAX ratio, in the sense that they are pushed

toward one by construction relative to true values. What is important to note is that the

dynamics of the VAX ratio are similar for the two series. Thus, inclusion/exclusion of the

ROW operates like a level shifter.

The world VAX ratio declines by 0.10 including the ROW and 0.13 excluding the ROW

from 1970-2009.23 These cumulative changes are distorted upward somewhat by a rise in

the world VAX ratio coincident with the collapse of world trade in 2009.24 Truncating the

sample in 2008 to exclude the trade collapse, the VAX ratio declines by 0.13 including the

ROW and by 0.16 excluding the ROW.

This decline is spread unevenly over time. We identify three stages in the evolution of the

world VAX ratio. There is a first wave of fragmentation in the 1970s, taking the ratio from

0.87 to 0.84 (including the ROW). The 1980s are the lost decade, with almost no change in

the ratio. A second wave of fragmentation starts around 1990, taking the ratio from 0.84 to

0.74 in 2008 and rebounding to 0.77 in 2009. The decline in the VAX ratio is roughly three

times as fast during the 1990-2008 period as during the pre-1990 period.25

Disaggregating these results, we plot sector-level VAX ratios in Figure 2, where these

ratios are defined as: V AXworld(s) ≡
∑

i 6=j vaij(s)∑
i 6=j xij(s)

. Strikingly, manufacturing is the only sector

in which the VAX ratio is falling over time. The ratio is increasing for agriculture and

services and stable in non-manufacturing industrial production. Linking these sector-level

results to the overall VAX ratio above, we can decompose the overall decline in the world

VAX ratio into components due to changes in VAX ratios within sectors versus changes in

23The annual series, including the ROW, is included in the final column of Table 1.
24Bems, Johnson, and Yi (2011) discuss how composition effects can drive changes in the world VAX

ratio. That paper focuses on a simulation exercise to explore these composition effects, whereas the new
data introduced here can be used in an explicit accounting exercise.

25Including the rebound in 2009, the decline is still twice as fast post-1990. This post-1990’s acceleration
is notable, if only because early work on vertical specialization such as Hummels, Ishii, and Yi (2001) focuses
on only the pre-1990 period.
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composition of trade across the three sectors. That is, the decline in the overall VAX ratio

could either be due to the declining VAX ratio within manufacturing, or composition shifts

that put a larger weight manufacturing, which has a relatively low VAX ratio.

To examine the role of each force, we decompose changes in the world VAX ratio into

within and between effects. As an accounting identity, yearly changes in world VAX ratio

can be decomposed into the yearly change in sector-level VAX ratios (within effect) and into

the yearly change in sector shares in world exports (between effect):

∆V AXt =
∑
s

∆V AXt(s)

(
ωt(s) + ωt−1(s)

2

)
︸ ︷︷ ︸

Within

+
∑
s

∆ωt(s)

(
V AXt(s) + V AXt−1(s)

2

)
︸ ︷︷ ︸

Between

,

where ωt(s) = xt(s)
xt

and we define ∆xt ≡ xt − xt−1.
The data needed to perform this decomposition are presented in Table 1. Performing this

decomposition from the start to the end of the time periods (i.e., t = 2009 and t−1 = 1970),

we find that changes in sector-level VAX ratios account for the bulk of the total change in

world VAX ratios. The exact shares are ≈ 85% including the ROW and ≈ 75% excluding the

ROW. Given increases in VAX ratios outside manufacturing, clearly this within term is itself

a product of the large decline in the VAX ratio within the manufacturing sector, combined

with the large share of manufactures in total trade (≈ 60 − 70%). The between effect is

minimal due to the stability in sectoral trade shares, also presented in Table 1. The slight

negative between effect is driven by the declining share of agriculture and natural resources,

and corresponding increase in manufactures, in total trade.

3.2 Country-Level Results

Moving down one level of aggregation from the world to individual countries, significant

cross-country heterogeneity emerges. First, the total size of declines is heterogeneous across

countries and correlated with country characteristics, such as growth in GDP per capita.

Second, the sources of declines in VAX ratios differ across countries. Third, the timing of

changes in fragmentation is heterogeneous across countries. We discuss each point in turn.

Figure 3 contains cumulative VAX ratio changes from 1970-2009 for the 37 countries

for which we have data back to 1970. These declines are reported again in the second

column of Table 2, along with declines for the remaining five countries (Czech Republic,

Estonia, Russia, Slovakia, and Slovenia) with shorter time coverage. Nearly all countries
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experience falling VAX ratios.26 Most experience declines larger than 10 percentage points,

though some large and prominent countries (e.g., Japan, the UK, Brazil, etc.) have smaller

declines. Among countries with large declines, one sees many emerging markets, but also

some important advanced economies (such as Germany).

To organize this variation across countries, we report correlations with observables in

subsequent figures. Figure 4 plots the change in VAX ratios against the initial levels of

the VAX ratio in 1970. The initial level of the VAX ratio is uncorrelated with subsequent

changes, which implies that there is that there is no tendency toward convergence in VAX

ratio across countries over time. In Figure 5, we plot the average annual change in the

VAX ratio against the average annual growth rate in real GDP per capita over the sample

period.27 The correlation is negative and statistically significant at the 1% level, with one

percentage point higher growth associated with a fall in the average annual change in the

VAX ratio of 0.008. Cumulated over four decades, this point estimate implies that a country

at the 75th percentile of the growth distribution has a decline in the VAX ratio of roughly

0.10, while a country at the 25th percentile has a decline of 0.05. Because emerging markets

on average have higher growth than advanced countries, this also reinforces the observation

above that VAX declines are larger on average for these countries.

Interestingly, the driving forces that lie behind these overall changes vary across coun-

tries. Breaking down these declines, we report total VAX ratio changes by broad sector

– manufacturing versus non-manufacturing – in Table 2. As in the world-level data, VAX

ratios within manufacturing fall markedly for most countries and rise in many countries for

non-manufacturing. These sector-level trends will mechanically lower the aggregate VAX

ratio when the export share of manufacturing is large relative to non-manufacturing. At

the same time, changes in the composition of trade are also important determinants of the

aggregate VAX ratio. Therefore, we also report the share of manufactures in exports in col-

umn five of the table. The share of manufactures in trade is rising in most (though not all)

countries, with the largest increases in emerging markets (e.g., China, Indonesia, Mexico,

etc.).28 Since the VAX ratio is lower for manufacturing than non-manufacturing, an increase

in the share of manufacturing in trade mechanically lowers the aggregate VAX ratio.

26The only country with an increase is Norway, whose VAX ratio rises due to a shift toward exporting
natural resources.

27We compute the average annual growth rate in real GDP per capita taking log differences in PPP GDP
per capita from the WDI. For Eastern European countries (Russia, Czech Republic, Slovakia, Estonia, and
Slovenia), VAX ratios are not available for the entire sample period. For others (e.g., Poland and Vietnam),
PPP GDP per capita data is not available over the whole sample period from the WDI. For these countries,
we report average VAX changes and growth rates over a truncated sample period with available data, on
average about 20 years.

28The manufacturing trade share of exports falls in some commodity exporters, such as Australia, Chile,
Norway, Russia, etc.
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To examine the role of trade composition versus sector-level changes in VAX ratios, we

also report a Between-Within decomposition of the change in each country’s VAX ratio in the

last two columns of Table 2. The decomposition here is similar to the world decomposition

above, only now defined by country:

∆V AXit =
∑
s

∆V AXit(s)

(
ωit(s) + ωi,t−1(s)

2

)
︸ ︷︷ ︸

Withini

+
∑
s

∆ωit(s)

(
V AXit(s) + V AXi,t−1(s)

2

)
︸ ︷︷ ︸

Betweeni

,

where ωit(s) = xit(s)
xit

and we define ∆xit ≡ xit − xi,t−1. To reiterate, the Between effect is

driven by changes in trade shares for a given country, while the Within effect is driven by

changes in VAX ratios within sectors in that country. Both Within and Between effects are

important in the data. To interpret the variation here, let us focus on two facts.

First, the Within term tends to be positively correlated with income growth, while the

Between term tends to be negatively correlated with income growth. These correlations are

illustrated in Figure 6. As such, the fact that growth predicts declines in the overall VAX

ratio is entirely due to the Between effect. That is, structural change in which fast growing

countries increase the share of manufacturing in their exports is the driving force behind the

overall correlation.

Second, there are many advanced countries that experience substantial declines in ag-

gregate VAX ratios despite the fact that they have already completed the structural trans-

formation process. For these countries, Within effects loom large. For example, look at

Germany, Japan, and the United States. The decline picked up by the Within Term is larger

than the overall VAX change for all these countries. These Within effects arise due to the

intensification of cross-border linkages within sectors.

All these country-level results focus on cumulative changes over the 1970-2009 period.

However, there is also important variation in the time dimension. Declines in VAX ratios

are not uniformly distributed through time, nor coincident across countries. Reflecting the

aggregate world series, VAX ratio declines for most countries are most rapid during the

1990’s. However, the exact timing of declines do not line up across countries. To illustrate

this, we plot VAX ratios over time for the four largest exporters (U.S., Germany, China,

and Japan) in Figure 7. For the big four exporters, there are notable crossing points where

country orderings are reversed. For example, China starts with the highest VAX ratio, and

ends up with a VAX ratio lower than both Japan and the U.S. Further, there are notable

accelerations/decelerations in the figure. For example, Germany’s VAX ratio decline accel-

erates post-1990, which seems to point to intensified integration of the European production

structure.
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Differences in the timing of changes in VAX ratios is even clearer looking at the emerging

market countries, and so we plot selected emerging markets in Figure 8. Thailand’s value

added to export ratio falls precipitously starting in the mid-1980’s, coincident with the be-

ginning of their export-led industrialization boom and transition out of agriculture. Poland’s

VAX ratio declines post-1990, signaling re-integration into the European production struc-

ture. Finally, Mexico’s value added to export ratio starts declining during the mid-1980’s

as well, first falling during a unilateral trade liberalization and then continuing to fall as

the process of North American integration accelerates. In contrast, Brazil stands out in the

figure as a country whose VAX ratio has had a modest decline. Whereas Mexico begins

on par with Brazil in 1970, Mexico ends up with a value added to export ratio that is 20

percentage points lower than Brazil as of the late 2000’s. These differences across countries

in both the timing and magnitude of changes provide useful identifying variation.

3.3 Bilateral Results

On top of this country-level variation, there is also variation in the magnitude of changes

in and dynamics of VAX ratios for individual countries across bilateral destinations. This

variation is particularly useful for identifying the driving forces for fragmentation, since

bilateral variation allows one to control for many country-level determinants of VAX ratios

and hone in on variation within country pairs over time. We briefly describe some of this

variation here, and then turn to exploring determinants of this bilateral variation in detail

in the next section.

In the cross-section, there is large variation in VAX ratios across trading partners at

a given point in time. For example, we illustrate value added to export ratios for United

States exports and imports in 2008 in Figure 9. This type of cross-sectional variation has

been documented elsewhere, including in Johnson and Noguera (2012), so we do not dwell on

these cross-sectional results here. We simply note that this variation is a prominent feature

of our data.

Of greater interest, changes in value added to export ratios through time differ substan-

tially across bilateral partners. For example, for the United States, the interdecile range

of VAX declines across bilateral export destinations is (−0.31, 0.04). That is, for exports

to some partners, U.S. VAX ratios are unchanged (or even rising), while they fall by 30

percentage points or more for others. This is a generic feature of the data.

To illustrate the magnitude and sources of variation, we construct a Between-Within

decomposition at the bilateral level (analogous to those above). We plot the change in the

bilateral VAX ratio between 1970 and 2009 for each pair (V AXij,2009 − V AXij,1970) against
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Within and Between components separately in Figure 11. Looking at the scale of the y-axis,

there is substantial variation in bilateral changes, though most clustered in the zero to −0.5

range. Comparing the two sub-figures, it is evident that Within sector changes in VAX ratios

account for the vast majority of the overall variation in VAX ratios at the pair level.29 That

is, trade composition plays a small role in explaining these bilateral changes.

As in the aggregate country-level time series, there is also variation in the timing of

changes in bilateral VAX ratios across trading partners. For example, we plot VAX ratios

for US exports to France and Germany in the left panel of Figure 10. Despite the similarity

between France and Germany in income levels and trade policy, the dynamics of US VAX

ratios differ sharply across the two countries. While VAX ratios are initially similar, they

diverge sharply after 1990, despite the absence of obvious changes in bilateral trade policy

or frictions. Sharp changes at the bilateral level can be seen for other trading partners

as well. For example, we plot the VAX ratios to Mexico and Canada in the right panel

of Figure 10. Here there are sharp changes occur during the period of North American

integration, starting with CUSFTA in 1989 and continuing with the adoption (and phase-in)

of NAFTA in 1994. Whereas the French/German example above suggests factors other than

bilateral trade policy may shape bilateral VAX ratios, these point directly to the role of

trade policy and regional trade agreements. We return to sorting through possible drivers

of VAX ratio changes below.

4 Trade Costs and Fragmentation

Theoretical work focuses on trade costs as an important driver of patterns of fragmentation.30

In this section, we use our bilateral data to explore how various types of bilateral trade costs

and proxies thereof are related to bilateral fragmentation over time, as measured by bilateral

VAX ratios. We also document how trade costs influence gross exports and value added

trade separately, which aids in understanding why the VAX ratio responds to trade costs.

In our analysis of trade costs, we focus on trade costs that are bilateral in nature. We

examine commonly used bilateral proxies for non-policy barriers, such as distance, language,

borders, and colonial origin. We then turn to analyzing responses to changes in trade policy,

specifically the adoption of regional trade agreements. We begin this section explaining how

29The regression line in the top panel is ∆V AXijt = 0.48 ×Within Term, with robust standard error
0.03 and R2 = 0.47. The regression line in the bottom panel is ∆V AXijt = 0.03 × Between Term, with
robust standard error 0.03 and R2 = 0.00. An alternative way to look at the data is to perform a vari-
ance decomposition of ∆V AXijt = V AXij,2009 − V AXij,1970. The components of this decomposition are:
var(∆V AXijt) = 0.037, var(Within) = 0.074, var(Between) = 0.039, and cov(Within,Between) = −0.038.

30See Yi (2003, 2010), Bridgman (2008, 2012), or Baldwin and Venables (2010).
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we use trade cost measures in a general regression framework, and then explain the details

of each empirical specification we run as we discuss the results.

4.1 Empirical Framework

Our analysis is built around three equations, one each for the bilateral VAX ratio, gross

exports, and value added exports. If we let yijt ∈ {V AXijt, xijt, vaijt} be the outcome

variable of interest, then the core specification we use can be written as:

log(yijt) = φy
it + φy

jt + βy log(τijt) + εijt

with εijt = γyij + ηyijt,
(7)

where the parameters φy denote source and destination fixed effects associated with outcome

y and τijt is a vector of time-varying bilateral trade costs (with βy being the associated row

vector of coefficients for outcome y). Further, the composite error εijt is the sum of a pair-

specific latent variable γyij and an idiosyncratic error ηyijt. In all specifications, we assume

that the idiosyncratic error ηyijt is uncorrelated with the regressors at all leads/lags. We vary

assumptions regarding the correlation of γyij with regressors depending on the context, and

we elaborate on these assumptions where appropriate below.

The meaning of the time varying costs τijt deserves additional comment here. In some

cases, we have measures of trade costs that are explicitly time varying, such as indicator

variables for membership in a regional trade agreement. In others, we have time invariant

proxies for bilateral trade costs, such as distance, for which we analyze how the influence

of that proxy changes over time. For example, we are interested in how the influence of

distance changes over time. We can model these effects by writing the trade cost as log(τijt) =

δt log(distij), where δt is a time-varying distance coefficient measuring the penalty associated

with distance in a particular year. With this interpretation, we can then accommodate all

the results below within the general specification above.

We see two complementary motivations for Equation (7). The first is a mechanical

identification argument. We are interested in narrowing our focus on analyzing the response

of bilateral trade to bilateral frictions. The fixed effects in Equation (7) help us hone in on

this dimension of the data. The source-year and destination-year fixed effects absorb all time-

varying source and destination characteristics that influence all trade partners symmetrically.

For example, a unilateral tariff liberalization that applies to all trade partners symmetrically

would be captured by the destination fixed effects. When we include a pair fixed effect in

the regression, then this absorbs all time invariant bilateral characteristics as well.31

31If we assume the pair-specific latent variable is uncorrelated with the regressors, then we compute
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The second motivation builds on the large literature on gravity regressions. Equation (7)

for gross exports is simply a reduced form gravity regression, identical to specifications that

emerge from several prominent trade models.32 Whereas many implementations of gravity

focus on a single cross-section of data, we work with panel data. We exploit the panel

structure below to estimate responses to bilateral trade agreements.33

By analogy to gravity for gross exports, one can substitute value added exports for gross

exports and reinterpret Equation (7) as ‘gravity for value added.’ While the analogy is clear,

it comes with an important caveat. Whereas the reduced form for gross exports can be

explicitly derived from structural models, there is currently no theory of fragmentation or

trade in value added that would imply that value added trade should also follow a gravity-

type equation. However, from a practical perspective, this specification does fit the data

well.

Once one accepts the specification of the regressions for gross and value added trade,

then the specification for the VAX ratio follows. Because log(V AXijt) = log(vaijt)− log(xijt)

by construction, the difference in coefficients on variable trade costs in these regressions –

βva − βx – equals the coefficient on trade costs (βvax) in the VAX ratio regression. The

three trade cost coefficients then provide a complete and integrated description of how VAX

ratios, gross trade, and value added trade are shaped by trade costs.

4.2 Non-Policy Trade Barriers

There are a large number of commonly used proxies for non-policy trade costs. For clarity,

we focus here on four of the most common: distance, language, common borders (contiguity),

and common colonial origin.34 We use data from the CEPII Gravity Dataset.35

We are interested in two aspects of how trade responds to these trade cost proxies. First,

how do VAX ratios, gross trade, and value added trade respond to bilateral frictions? Second,

standard errors clustering by country pair.
32See Anderson and van Wincoop (2003), Eaton and Kortum (2002), and Chaney (2008). For example,

the set-up in Anderson and van Wincoop (2003) implies that the time-varying exporter and importer fixed
effects can be interpreted as controls for time-varying source and destination GDP and multilateral resistance
terms.

33Building on Baier and Bergstrand (2008) and Anderson and Yotov (2011), we elaborate on the motivation
for including pair fixed effects in discussion of our results on trade agreements below.

34We see these four as representative, but can obviously extend the analysis to any desired trade cost
proxy.

35See http://www.cepii.fr/anglaisgraph/bdd/gravity.htm. We measure distances using the simple
distance between the most populated cities in the two countries. The contiguity indicator takes the value
one if the two countries share a land border. The common colonial origin indicator takes the value one if
the two countries were ever in a colonial relationship. The common language indicator takes the value one if
the two countries share a common official language. In the CEPII data, these correspond to variables ‘dist’,
‘contiguity’, ‘colony’, and ‘commlang off’.
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how have these responses changed over time?

To address these questions, we start by estimating:

log(yijt) = φy
it + φy

jt + β̃y
1t log(distij) + β̃y

2tcontigij + β̃y
3tlanguageij + β̃y

4tcolonyij + εijt, (8)

where we have substituted log(τijt) = δ1t log(distij)+ δ2tcontigij + δ3tlanguageij + δ4tcolonyij

in (7) and therefore define β̃y
kt ≡ βy

ktδkt. In doing so, we assume that εijt is uncorrelated

with the trade cost proxies and cluster standard errors by country pair. This specification

has the advantage of allowing us to recover the level of the trade cost coefficients, as well as

allowing us to look at their evolution through time. The countervailing concern, however,

is that there may be omitted bilateral pair-specific trade costs that are correlated with the

proxies included in the regression and therefore bias the results.

To allow for possible unmodeled pair-specific, time-invariant trade costs, we also estimate

(8) in long differences. This specification takes the form:

∆ log(yijt)=∆φy
it+∆φy

jt+β̆
y
1t log(distij)+β̆

y
2tcontigij+β̆

y
3tlanguageij+β̆

y
4tcolonyij+∆ηyijt, (9)

where t = {1975, 2005} and β̆y
kt ≡ ∆β̃y

kt is an estimate of the change in regression coefficients

over time. In taking differences over time, note that the pair specific latent variable γyij drops

away.

Before turning to results, there are two issues regarding the estimation sample that merit

comment. First, small trade flows tend to be associated with extreme VAX ratios (e.g.,

> 10), which muddy inference. Most of these observations appear to be due to problematic

bilateral trade data for countries (mostly emerging markets or former communist countries)

during the 1970’s and early 1980’s, where the raw data is of lower quality. To remove these

outliers, we drop bilateral flows less than one million dollars in the estimation and any

remaining flows with VAX ratios greater than ten.36 Second, our country sample includes

advanced countries and emerging markets almost exclusively. This means that one must

be careful in comparing point estimates from our sample to estimates from the literature

computed in samples with wider country coverage that include developing countries.

Regression coefficients for trade cost proxies in Equation (8) are plotted in Figure 12.

Coefficients for the VAX ratio are in the left panel, while coefficients for gross and value

36Alternative sample criteria to deal with outliers yield similar results. It is worth pointing out that we are
also implicitly dropping all observations with zero trade flows. In practice, our raw data has few exact zero
trade flow observations since we work with aggregate bilateral trade among advanced and major emerging
countries. On top of this, our procedure for constructing bilateral services trade tends to eliminate bilateral
zeros for technical reasons. Thus, some of these very small trade flows may be true zeros. Given the small
number of these flows and difficulty in determining true zeros, we have chosen not to implement an estimation
procedure that explicitly accounts for zero trade flows.
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added trade are in the right panel. Solid lines indicate point estimates, while dashed lines

denote 90% confidence intervals.

Looking first at distance, the correlation of VAX ratios and distance is generally positive.

This means that on average, gross trade travels shorter distances than trade in value added,

consistent with distance-related trade costs being an impediment to fragmentation. This is

picked up in coefficients on gross and value added trade directly in the right panel. Both

coefficients are negative, meaning that distance depresses both gross and value added trade.

However, the absolute value of the distance coefficient on gross trade is larger in all years

than the coefficient on value added trade.

Interestingly, there is also evidence that the differential effect of distance on gross and

value added trade is strengthening over time. This is evident in the left panel, where the

distance coefficient for the VAX ratio is rising over time. The point estimate rises slightly

from around 0.05 to 0.1 prior to the mid-1980’s and then rises to 0.2 by the end of the

2000’s. This gap emerges primarily due to a large increase in the absolute value of the

distance coefficient for gross trade, which increases from roughly 0.9 to 1.1, concentrated

in the 1985-1995 decade. The coefficient on value added trade also rises in absolute value

during this period, however the change is about half as large.

Looking at the other trade cost proxies, country pairs with common language and colo-

nial origin tend to have lower bilateral VAX ratios on average. These signs are intuitive,

since common language and colonial origin ought to lower trade costs, thereby promoting

fragmentation. Results for borders do not speak as clearly. Early in the sample, common

borders are associated with higher VAX ratios, but this effect goes to zero over time. Rela-

tive to the effect of distance on VAX ratios, the result that stands out here is that there are

not large changes (if any) in the effect of these trade cost proxies over time. This is of course

reflected in the coefficients on gross and value added trade. These coefficients trend over

time, with coefficients on language and colonial origin falling somewhat over time and the

coefficient on borders rising somewhat over time.37 Yet, unlike for distance, coefficients for

gross and value added trade move in lock step. Hence, there are minimal changes in terms

of how VAX ratios vary with these trade cost proxies.

This basic story can be seen clearly in estimates of the long differences specification

in (9), which are presented in Table 3. In the table, we present results for regressions of

∆ log(V AXijt), ∆ log(vaijt), ∆ log(xijt) on the trade cost proxies. Looking at the results for

the VAX ratio, we see that declines in the VAX ratio are smaller for countries that are farther

apart. As in the time series presentation of coefficients above, there is no clear relationship

between changes in the VAX ratio and common colonial origin, language, or borders.

37See Head, Mayer, and Reis (2010) on the changing importance of colonial origin over time.
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Looking at gross and value added exports separately, increases in both gross and value

added trade are smaller for countries that are far apart, but the costs of distance hit gross

trade harder. It is also worth noting that even though there is no relationship between

changes in VAX ratios and colonial origin or common language, these variables do help

predict changes in trade. Common language and colonial origin are associated with smaller

increases in both gross and value added trade, with roughly similar magnitudes. These

effects are again consistent with trends in the level of the trade cost coefficients reported in

Figure 12.

4.3 Trade Agreements

We now turn to analyzing the response of fragmentation to adoption of bilateral or regional

trade agreements (RTAs).38 We use two complementary approaches to evaluating the con-

sequences of these agreements. We start with a quasi ‘event study’, in which we illustrate

how bilateral VAX ratios change through time for country pairs as they enter preferential

bilateral or regional agreements. To pin down the effects of the agreements with greater

precision, we then turn to panel regressions for VAX ratios, gross trade, and value added

trade.

We use data on economic integration agreements assembled by Scott Baier and Jeffrey

Bergstrand, which covers the 1960-2005 period.39 There are five types of trade agreements

recorded in the Baier-Bergstrand data: (1) one-way preferential agreements, (2) two-way

preferential agreements, (3) free trade agreements, (4) customs unions, (5) common markets,

and (6) economic unions. These agreements are ordered from “shallow” to “deep,” where

deeper agreements entail larger border concessions, tighter integration of trade policies, and

more substantial coordination of economic policy.40

We define an indicator for the existence of a regional trade agreement that takes the value

one if a country pair has an agreement that is classified as a free trade agreement or stronger

(i.e., agreements 3 to 6). Further, we present some results splitting agreements by type,

defining separate indicators for preferential trade agreements (PTA) covering both one-way

38One might expect that adoption of multilateral agreements, such as WTO entry, would influence frag-
mentation as well. Unfortunately, we cannot examine this proposition given the country coverage of our
data. Since 38 of the 42 countries in our sample are WTO members during the entire sample, there is not
enough variation to confidently pin down the effects of WTO entry.

39The data is available at: http://www.nd.edu/~jbergstr/. In this draft, we use the June 2009 version
of the data. We have documented similar results using an RTA indicator from the CEPII Gravity Database,
which has data through 2006. We also extended this data to 2009 drawing on WTO accessions and regional
trade agreement notifications to the WTO. Results are not sensitive to the dates chosen.

40Agreement types 4 to 6 entail common tariff policies against outsiders. Common markets entail substan-
tial behind-the-border integration. Economic unions are associated with coordination of economic policy,
such as adoption of common monetary policy.
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and two-way preferential agreements, free trade agreements (FTA), and “deep integration

agreements” (CUCMEU) covering customs unions, common markets, and economic unions.

With this classification, an individual country pair may transit from no agreement to an

agreement, as well as transit from one type of agreement to another.41

To begin, we present a visual demonstration of how bilateral fragmentation changes

surrounding adoption of regional trade agreements. Loosely speaking, we take an event

study approach. We compare VAX ratios for the ‘treatment group’ of bilateral country pairs

that are members of an RTA during our sample to VAX ratios for a pair-specific ‘control

group’ (to be defined below) in a window surrounding adoption of the RTA.

To be concrete, let (i, j) be a pair of countries that form an RTA during the sample

period. Then we define bilateral fragmentation at time t for this pair as:

Fragt(i, j) =
vaijt + vajit
xijt + xjit

= V AXijt

(
xijt

xijt + xjit

)
+ V AXjit

(
xjit

xijt + xjit

)
.

(10)

This is simply a trade-weighted average of V AXijt and V AXjit.
42 As a dating convention,

we normalize t for each pair to count years before and after the adoption of the RTA.43

Further, let us define a set of countries C(i, j) to be used in constructing the counterfac-

tual level of fragmentation for pair (i, j). Then we define fragmentation for countries i and

j vis-a-vis these countries as:

F̃ ragt(i, j) =
∑

c∈C(i,j)

(vacjt + vajct) + (vacit + vaict)

(xcjt + xjct) + (xcit + xict)

=
∑

c∈C(i,j)

Fragt(c, j)

(
xcjt + xjct
X(c)

)
+ Fragt(c, i)

(
xcit + xict
X(c)

)
,

(11)

where X(c) ≡ xcjt + xjit + xcit + xict. This counterfactual is the analog to Equation (10)

constructed for countries i and j against the country set C(i, j) separately, and then averaged

across i and j using trade weights. There are many possible ways to define C(i, j). Here we

41For example, Argentina and Brazil have a preferential agreement prior to 1992, which switches to a free
trade agreement with the adoption of Mercosur. Similarly, many Eastern European countries have FTAs
during the 1990’s that transition to CUCMEUs as they enter the EU in 2004.

42Because source and destination are interchangeable here (i.e., Fragt(i, j) is symmetric), we have inten-
tionally changed the notation relative to the VAX ratio.

43For example, the U.S. and Mexico have t = 0 in 1994 when NAFTA is formed, t = −1 in 1993, and t = 1 in
1995. In our calculations, we include country pairs that form RTAs prior to 1970 (e.g., France and Germany),
starting the counter at t = 0 in 1970 for these pairs. Results are not sensitive to inclusion/exclusion of these
pairs, since most RTA’s are formed after 1970.
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define C(i, j) to be the set of countries with whom both i and j never form an RTA.44

For each pair, we compute Fragt(i, j) and F̃ ragt(i, j), and then take an unweighted

average of each series across all pairs. We plot the resulting ‘treatment’ and ‘control’ series

in Figure 13 in a forty year window around the date of adoption of the RTA. Most agreements

are adopted near the middle of the sample, but obviously not all agreements have all twenty

years of data on each side of the agreement. Therefore, we also plot a 90% confidence interval

around the mean in the figure, which naturally increases as we move away from the event

date as sample sizes fall.

Prior to RTA adoption, Fragt(i, j) and F̃ ragt(i, j) are quite similar across the treatment

and control groups. There is then a strong divergence between the two, coinciding with

adoption of the RTA. Fragt(i, j) drops sharply near the RTA adoption date, and then con-

tinues to fall for roughly a decade thereafter. This slow adjustment is not surprising, both

because RTAs are typically phased in and trade patterns may be slow to adjust. Suffice it

to say, the sharp divergence in fragmentation between the ‘treatment’ and ‘control’ groups

here is strong prima facie evidence that trade agreements influence fragmentation.

To formalize these results and control more formally for confounding factors, we turn to

panel regressions. Specifically, the core regression takes the form:

log(yijt) = φy
0 + φy

it + φy
jt + βyTradeAgreementijt + γyij + ηyijt, (12)

where TradeAgreementijt takes the value one if i and j are both in a particular trade

agreement at time t. In some specifications, we add a pair-specific linear trend (δyijt) as well.

In this estimation, we treat the latent variable γyij as a fixed effect, which may be correlated

with the trade agreement indicator. The motivation for doing so is that we are concerned

about the possible endogenous adoption of trade agreements. As discussed by Baier and

Bergstrand (2007), the pair fixed effect accounts for endogenous adoption of agreements

based on characteristics of the bilateral pair that are not time varying (e.g., geography).45

The estimate of βy is then an estimate of how outcomes vary within country pair before and

after adoption of the trade agreement, controlling for time-varying source and destination

effects. We also report results for specifications below that include a pair-specific linear

trend, which further removes the concern that RTA adoption depends on pair-specific trends

44For example, say i is Spain and j is Germany. Spain enters the EU in 1986, and we want to look at how
fragmentation in bilateral trade between Spain and Germany changes around that time. We compare this
change to fragmentation in trade for Spain and Germany with countries that neither Spain nor Germany
ever form an RTA (e.g., the United States, Japan, etc.).

45See also Magee (2008) and Anderson and Yotov (2011). In addition, pair fixed effects obviously absorb
pair-specific unobserved trade costs. They have therefore been used in related work not focused on RTAs,
such as Glick and Rose (2002), Baldwin and Taglioni (2007), and Head, Mayer, and Reis (2010).
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in trade or fragmentation.

In Table 4 and Table 5, we report estimation results for panel regressions with data at 5

year intervals from 1970 to 2005. We use data at five year intervals due to concerns about

serial correlation in shocks and possibly sluggish adjustment of trade to shocks or policy

changes.46 Table 4 includes results from running Equation (12) in levels, while Table 5

includes results from running Equation (12) in first differences.

We turn first to estimation results for the VAX ratio in Panel A of Table 4 and Table 5.47

We find that adoption of trade agreements typically lowers VAX ratios among countries

in those agreements. For RTAs, we find that the VAX ratio falls by roughly 7% following

adoption of an agreement. Comparing columns 1 and 2, we see that this magnitude is robust

to controlling for a pair-specific linear trend. In columns 3 and 4, we split out the effects of

different agreements. We find that there is no effect on the VAX ratio of signing either a

one-way or two-way preferential agreement (both of which do not induce the RTA indicator

to switch on). In contrast, both adoption of an FTA or CUCMEU lower the VAX ratio.

Further, “deeper” agreements are associated with larger declines in the VAX ratio than

shallow agreements. Following adoption of a CUCMEU, the VAX ratio declines between

10-15% in the levels regresion, whereas adoption of a FTA is associated with a drop of

6-7%.48

The response of gross and value added trade flows to RTA adoption are reported in Panels

B and C of Table 4 and Table 5. Consistent with the changes in VAX ratios, we find that

gross exports rise more following the adoption of RTAs than do value added exports, and

more for “deep” rather than “shallow” agreements.49 That said, both value added and gross

exports rise following adoption of trade agreements in level terms. This is sensible, since

RTAs lower trade costs for both final goods, as well as intermediate inputs (some of which

are absorbed in the destination). The key is that there appears to be a differential effect on

final versus intermediate trade that results in increased cross-border fragmentation.

In the specifications thus far, the RTA indicators measure the average treatment effect

comparing all pre-agreement observations to all post-agreement observations for each pair.

There are a number of reasons to believe that this may bias downwards the estimated effect of

46Baier and Bergstrand (2007) and Anderson and Yotov (2011) also use data at four or five year intervals.
The main problem with using the data at five year intervals is that many trade agreements are signed in
intervening years, so we lose some precision in dating agreements. We have checked that our results go
through in specifications using annual data and the exact timing of agreements.

47The estimation sample here is the same as described in Section 4.2.
48The effects are slightly smaller in the first differences specification, but the ordering of effects by agree-

ment strength holds there as well.
49Magee (2008) and Roy (2010) have also documented larger responses of trade to deep versus shallow

trade agreements.
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trade agreements. For one, trade agreements are phased in, so there may be a relatively small

initial impact of the agreement that grows over time. Moreover, even once trade barriers

come down, it may take some time for trade flows to respond to those changes. Finally,

in the data, countries that adopt FTAs often adopt strong agreements (such as common

markets) at a later date. So the depth of liberalization evolves over time within pairs. The

adjustment dynamics observed in the ‘event study’ diagrams suggest these issues may be

worth examining more carefully.

To illustrate the dynamics surrounding adoption of the trade agreements, we adopt a

non-parametric approach.50 We define separate indicator variables for five year intervals

following adoption of an RTA: RTA one is the first year, RTA two is the 5th year, RTA

three is the tenth year, and RTA four/more takes the value one for years 15 onward. Each

coefficient then estimates the average difference in the VAX ratio in a particular year after

the adoption of the RTA from the average VAX ratio during the pre-RTA period.

We report the coefficients on these phased-in RTA indicators in Table 6.51 Consistent

with the dynamics in Figure 13, the impact of RTA adoption appears to grow over time.

Upon adoption of the RTA, VAX ratios fall by 5-7% and then continue to fall over the

duration of the agreement. In the first-differenced specifications, the total effect of the RTA

levels off at around 10-12% decline in the VAX ratio. Value added and gross exports follow

similar adjustment dynamics, with value added exports rising between 25-35% and gross

exports rising between 35-45% in the long run.

5 Conclusion

Theorists and policymakers alike are devoting attention to analyzing cross-border production

fragmentation. Consistent with this attention, we have shown that the rise in production

fragmentation over time is pervasive. We highlight, however, that this rise is unevenly

distributed across sectors, time, countries, and trade partners. Fragmentation has increased

most in the past two decades, increased most within manufacturing, increased most for coun-

tries undergoing structural transformation toward manufacturing, and increased most among

trade partners that are physically proximate or have adopted bilateral trade agreements.

The fact that fragmentation has increased unevenly suggests two paths for future work.

On the one hand, one can take changes in fragmentation for granted and explore what they

50Our approach is similar to Head, Mayer, and Reis (2010), who use this non-parametric procedure to
explore trade dynamics following decolonization.

51All columns in this table include exporter-year and importer-year fixed effects. Columns 1 and 2 contain
a pair fixed effect, while column 2 also contains a pair-specific linear trend. Columns 3 and 4 are regressions
in first differenced data, where column 4 includes a pair fixed effect to absorb pair-specific linear trends.
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imply for analysis of international trade and macroeconomic data. For example, how does

the rise in fragmentation influence the mapping between observed changes in trade and the

associated production or welfare gains? Or, how has the rise of production fragmentation

changed how shocks are transmitted across borders? On the other hand, one can explore

the determinants of fragmentation themselves within the context of quantitative models.

For example, how important are trade frictions relative to country-specific determinants

of fragmentation? Or, how might fragmentation patterns evolve under alternative policy

scenarios? We plan to exploit the rich historical variation in fragmentation in parameterizing

quantitative frameworks to address these questions.
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Table 1: World VAX Ratio, by Sector and Aggregate

Agriculture Non-Manufacturing Manufacturing Services

Year VAX Ratio Trade Share VAX Ratio Trade Share VAX Ratio Trade Share VAX Ratio Trade Share Agg. VAX Ratio

1970 1.22 0.09 1.12 0.07 0.65 0.64 1.33 0.21 0.87
1971 1.23 0.08 1.12 0.07 0.65 0.63 1.33 0.21 0.87
1972 1.23 0.09 1.13 0.07 0.64 0.64 1.35 0.21 0.87
1973 1.22 0.09 1.12 0.07 0.64 0.64 1.34 0.20 0.87
1974 1.19 0.08 1.01 0.12 0.62 0.62 1.35 0.18 0.85
1975 1.20 0.08 1.01 0.12 0.62 0.61 1.37 0.19 0.85
1976 1.18 0.08 1.01 0.12 0.62 0.61 1.36 0.19 0.85
1977 1.19 0.07 1.01 0.12 0.61 0.61 1.36 0.19 0.85
1978 1.18 0.07 1.03 0.11 0.62 0.63 1.38 0.19 0.85
1979 1.18 0.07 1.01 0.12 0.61 0.62 1.38 0.19 0.84
1980 1.14 0.06 0.98 0.15 0.60 0.61 1.38 0.18 0.83
1981 1.15 0.06 0.97 0.15 0.59 0.60 1.39 0.19 0.83
1982 1.17 0.06 0.97 0.14 0.59 0.61 1.40 0.20 0.84
1983 1.16 0.06 0.99 0.12 0.60 0.63 1.42 0.19 0.84
1984 1.17 0.06 0.96 0.13 0.60 0.63 1.44 0.19 0.83
1985 1.19 0.06 0.97 0.11 0.60 0.64 1.45 0.19 0.83
1986 1.24 0.05 1.06 0.08 0.60 0.67 1.48 0.20 0.84
1987 1.24 0.05 1.09 0.07 0.60 0.68 1.48 0.20 0.84
1988 1.24 0.05 1.13 0.06 0.60 0.69 1.51 0.20 0.84
1989 1.27 0.05 1.10 0.07 0.59 0.69 1.50 0.20 0.84
1990 1.34 0.04 1.06 0.07 0.59 0.68 1.48 0.21 0.84
1991 1.31 0.04 1.09 0.07 0.55 0.67 1.53 0.21 0.83
1992 1.29 0.04 0.95 0.08 0.54 0.66 1.51 0.22 0.82
1993 1.32 0.04 1.06 0.07 0.54 0.67 1.51 0.22 0.82
1994 1.32 0.04 1.15 0.06 0.54 0.69 1.53 0.21 0.82
1995 1.30 0.04 1.16 0.06 0.53 0.70 1.55 0.21 0.80
1996 1.31 0.04 1.13 0.06 0.52 0.69 1.54 0.21 0.80
1997 1.31 0.04 1.12 0.06 0.52 0.69 1.55 0.21 0.80
1998 1.40 0.03 1.26 0.05 0.51 0.71 1.54 0.21 0.79
1999 1.38 0.03 1.19 0.05 0.50 0.71 1.55 0.21 0.79
2000 1.40 0.03 1.07 0.07 0.49 0.70 1.55 0.20 0.77
2001 1.53 0.02 1.13 0.06 0.49 0.70 1.54 0.21 0.77
2002 1.53 0.02 1.15 0.06 0.49 0.70 1.55 0.21 0.78
2003 1.54 0.02 1.12 0.07 0.48 0.70 1.56 0.21 0.77
2004 1.62 0.02 1.11 0.07 0.48 0.70 1.53 0.21 0.76
2005 1.59 0.02 1.06 0.09 0.47 0.69 1.52 0.20 0.76
2006 1.57 0.02 1.06 0.09 0.46 0.69 1.53 0.20 0.75
2007 1.56 0.02 1.07 0.09 0.46 0.69 1.51 0.20 0.75
2008 1.47 0.02 1.00 0.11 0.45 0.67 1.50 0.20 0.74
2009 1.43 0.02 1.07 0.09 0.46 0.67 1.49 0.22 0.77

Note: Data includes trade with the rest-of-the-world. The Aggregate VAX Ratio column is an export share
weighted average of the sector-level VAX Ratios, so can be constructed using columns 2 through 9.
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Table 2: Country VAX Ratios, by Sector and Aggregate

VAX Changes Decomposition

Country Abbrev. Years Aggregate Non-Manuf. Manuf. ∆ Manuf. Share Within Between

Argentina ARG 1970-2009 -0.10 0.46 -0.35 0.16 0.01 -0.11
Australia AUS 1970-2009 -0.05 0.00 -0.23 -0.07 -0.10 0.04
Austria AUT 1970-2009 -0.17 0.06 -0.26 0.03 -0.15 -0.03
Belgium BEL 1970-2009 -0.15 0.01 -0.29 -0.07 -0.21 0.06
Brazil BRA 1970-2009 -0.07 0.45 -0.39 0.24 -0.06 -0.01
Canada CAN 1970-2009 -0.12 -0.24 -0.12 -0.04 -0.14 0.02
Chile CHL 1970-2009 -0.12 -0.43 -0.14 -0.10 -0.24 0.12
China CHN 1970-2009 -0.18 2.00 -0.23 0.34 0.22 -0.41
Czech Republic CZE 1993-2009 -0.06 0.37 -0.03 0.12 0.05 -0.12
Denmark DNK 1970-2009 -0.06 -0.08 -0.10 -0.05 -0.09 0.03
Estonia EST 1993-2009 -0.03 0.19 -0.11 0.05 0.00 -0.03
Finland FIN 1970-2009 -0.11 -0.54 -0.12 -0.11 -0.22 0.11
France FRA 1970-2009 -0.14 0.35 -0.22 0.07 -0.05 -0.08
Germany DEU 1970-2009 -0.17 -0.13 -0.23 -0.03 -0.22 0.05
Greece GRC 1970-2009 -0.08 -0.05 -0.13 0.01 -0.08 0.00
Hungary HUN 1970-2009 -0.29 -0.14 -0.25 0.08 -0.25 -0.04
India IND 1970-2009 -0.17 -0.07 -0.10 0.08 -0.09 -0.08
Indonesia IDN 1970-2009 -0.08 0.26 0.11 0.45 0.14 -0.22
Ireland IRL 1970-2009 -0.25 -0.57 -0.08 -0.08 -0.16 -0.08
Israel ISR 1970-2009 -0.06 0.42 -0.35 0.34 0.07 -0.13
Italy ITA 1970-2009 -0.11 0.46 -0.18 0.07 -0.03 -0.08
Japan JPN 1970-2009 -0.04 -0.38 -0.07 -0.05 -0.13 0.09
Korea KOR 1970-2009 -0.20 0.37 -0.01 0.20 0.08 -0.28
Mexico MEX 1970-2009 -0.23 0.77 -0.20 0.43 0.15 -0.38
Netherlands NLD 1970-2009 -0.13 0.13 -0.22 0.01 -0.12 -0.02
New Zealand NZL 1970-2009 -0.02 -0.06 -0.06 -0.03 -0.05 0.03
Norway NOR 1970-2009 0.07 -0.05 -0.09 -0.22 -0.06 0.12
Poland POL 1970-2009 -0.14 0.90 -0.26 0.19 0.10 -0.24
Portugal PRT 1970-2009 -0.16 -0.20 -0.10 0.03 -0.13 -0.03
Romania ROM 1970-2009 -0.22 0.38 -0.37 0.04 -0.25 0.03
Russia RUS 1990-2009 -0.04 0.00 -0.15 -0.07 -0.07 0.03
Slovak Republic SVK 1993-2009 -0.11 0.90 -0.07 0.17 0.10 -0.21
Slovenia SVN 1993-2009 -0.07 -0.15 -0.08 -0.02 -0.09 0.02
South Africa ZAF 1970-2009 -0.07 0.42 -0.21 0.17 0.08 -0.15
Spain ESP 1970-2009 -0.16 0.24 -0.34 0.18 -0.07 -0.09
Sweden SWE 1970-2009 -0.15 -0.26 -0.23 -0.09 -0.25 0.10
Switzerland CHE 1970-2009 -0.05 -0.48 -0.09 -0.10 -0.18 0.13
Thailand THA 1970-2009 -0.24 0.55 -0.01 0.46 0.16 -0.40
Turkey TUR 1970-2009 -0.20 0.80 -0.56 0.58 0.09 -0.29
United Kingdom GBR 1970-2009 -0.04 -0.07 -0.18 -0.12 -0.15 0.11
United States USA 1970-2009 -0.11 0.13 -0.26 0.00 -0.12 0.01
Vietnam VNM 1970-2009 -0.28 0.15 -0.19 0.40 -0.05 -0.23

Note: VAX changes are cumulative changes in value added to export ratios over the period recorded in
column 3. ∆ Manuf. Share is the change in the manufacturing share of total exports over the period.
The Between and Within columns decompose the overall VAX change into between-sector and within-sector
components. See the text for the exact definition.
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Table 3: Long Difference Regressions with Source and Destination Fixed Effects

Panel A: Change in log of VAX Ratio

(A1) (A2) (A3) (A4) (A5)

Log Distance 0.096*** 0.091*** 0.096*** 0.095*** 0.090***
(0.011) (0.013) (0.011) (0.011) (0.013)

Contiguity -0.039 -0.034
(0.034) (0.036)

Colonial Origin 0.007 0.021
(0.032) (0.037)

Common Language -0.018 -0.018
(0.025) (0.031)

R2 0.47 0.47 0.47 0.47 0.47
Obs. 1180 1180 1180 1180 1180

Panel B: Change in log of Value Added Exports

(B1) (B2) (B3) (B4) (B5)

Log Distance -0.090*** -0.112*** -0.088*** -0.113*** -0.110***
(0.029) (0.032) (0.028) (0.029) (0.031)

Contiguity -0.171 -0.053
(0.106) (0.110)

Colonial Origin -0.444*** -0.337***
(0.102) (0.120)

Common Language -0.282*** -0.179**
(0.073) (0.090)

R2 0.66 0.66 0.67 0.66 0.67
Obs. 1180 1180 1180 1180 1180

Panel C: Change in log of Gross Exports

(C1) (C2) (C3) (C4) (C5)

Log Distance -0.186*** -0.203*** -0.184*** -0.207*** -0.200***
(0.036) (0.041) (0.035) (0.036) (0.040)

Contiguity -0.132 -0.019
(0.126) (0.130)

Colonial Origin -0.451*** -0.358**
(0.127) (0.149)

Common Language -0.264*** -0.161
(0.090) (0.111)

R2 0.61 0.61 0.61 0.61 0.61
Obs. 1180 1180 1180 1180 1180

Note: Changes in the logs of bilateral VAX ratios, value added exports, and gross
exports between 2005 and 1975 (e.g., log(yij,2005) − log(yij,1975) are regressed on
trade cost proxies and exporter and importer fixed effects. Robust standard errors
are in parentheses. Significance levels: * p < .1 , ** p < .05, *** p < .01. Sample
excludes pairs with bilateral exports smaller than $1 million or VAX ratios larger
than ten in 1975.
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Table 4: Trade Agreement Panel Regressions in Levels

Panel A: log of VAX Ratio

(A1) (A2) (A3) (A4)

RTA -0.068*** -0.067***
(0.011) (0.013)

PTA -0.005 -0.007
(0.010) (0.012)

FTA -0.057*** -0.068***
(0.011) (0.014)

CUCMEU -0.144*** -0.097***
(0.014) (0.018)

R2 0.76 0.86 0.76 0.86

Panel B: log of Value Added Exports

(B1) (B2) (B3) (B4)

RTA 0.257*** 0.223***
(0.021) (0.024)

PTA 0.020 0.005
(0.024) (0.024)

FTA 0.236*** 0.219***
(0.023) (0.026)

CUCMEU 0.419*** 0.318***
(0.032) (0.036)

R2 0.97 0.99 0.97 0.99

Panel C: log of Gross Exports

(C1) (C2) (C3) (C4)

RTA 0.325*** 0.290***
(0.029) (0.034)

PTA 0.025 0.011
(0.030) (0.033)

FTA 0.293*** 0.287***
(0.032) (0.037)

CUCMEU 0.563*** 0.415***
(0.042) (0.050)

R2 0.96 0.98 0.96 0.98

Pair Linear Trend X X
Obs. 11184 11184 11184 11184

Note: All regressions include exporter-year, importer-year, and pair
fixed effects. Robust standard errors are in parentheses. Significance
levels: * p < .1 , ** p < .05, *** p < .01. Sample excludes pair-year
observations with bilateral exports smaller than $1 million or VAX
ratios larger than ten.
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Table 5: Trade Agreement Panel Regressions in First Differences

Panel A: log of VAX Ratio

(A1) (A2) (A3) (A4)

RTA -0.049*** -0.049***
(0.013) (0.013)

PTA 0.003 0.005
(0.012) (0.013)

FTA -0.047*** -0.047***
(0.014) (0.014)

CUCMEU -0.072*** -0.054***
(0.016) (0.018)

R2 0.22 0.32 0.22 0.32

Panel B: log of Value Added Exports

(B1) (B2) (B3) (B4)

RTA 0.168*** 0.163***
(0.021) (0.023)

PTA -0.001 -0.008
(0.027) (0.028)

FTA 0.161*** 0.158***
(0.024) (0.026)

CUCMEU 0.262*** 0.231***
(0.032) (0.036)

R2 0.62 0.67 0.62 0.67

Panel C: log of Gross Exports

(C1) (C2) (C3) (C4)

RTA 0.217*** 0.212***
(0.031) (0.033)

PTA -0.004 -0.012
(0.036) (0.038)

FTA 0.208*** 0.205***
(0.035) (0.036)

CUCMEU 0.334*** 0.285***
(0.044) (0.050)

R2 0.47 0.53 0.47 0.53

Pair Fixed Effects X X
Obs. 9362 9362 9362 9362

Note: All regressions include exporter-year and importer-year fixed ef-
fects. Robust standard errors are in parentheses. Significance levels:
* p < .1 , ** p < .05, *** p < .01. Sample excludes pair-year obser-
vations with bilateral exports smaller than $1 million or VAX ratios
larger than ten.
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Table 6: Trade Agreement Panel Regressions with Phase In

Panel A: log of VAX Ratio

In Levels In First Differences

(A1) (A2) (A3) (A4)

RTA one -0.056*** -0.067*** -0.056*** -0.060***
(0.011) (0.013) (0.014) (0.014)

RTA two -0.088*** -0.103*** -0.082*** -0.089***
(0.013) (0.016) (0.019) (0.022)

RTA three -0.129*** -0.117*** -0.098*** -0.098***
(0.015) (0.019) (0.024) (0.028)

RTA four/more -0.167*** -0.143*** -0.115*** -0.113***
(0.017) (0.024) (0.028) (0.034)

R2 0.76 0.86 0.22 0.32

Panel B: log of Value Added Exports

(B1) (B2) (B3) (B4)

RTA one 0.202*** 0.209*** 0.183*** 0.189***
(0.022) (0.024) (0.022) (0.026)

RTA two 0.310*** 0.315*** 0.266*** 0.277***
(0.026) (0.032) (0.032) (0.042)

RTA three 0.410*** 0.331*** 0.280*** 0.268***
(0.032) (0.039) (0.041) (0.056)

RTA four/more 0.360*** 0.324*** 0.260*** 0.249***
(0.036) (0.048) (0.050) (0.067)

R2 0.97 0.99 0.62 0.67

Panel C: log of Gross Exports

(C1) (C2) (C3) (C4)

RTA one 0.258*** 0.276*** 0.239*** 0.249***
(0.030) (0.034) (0.032) (0.037)

RTA two 0.398*** 0.417*** 0.348*** 0.367***
(0.036) (0.045) (0.046) (0.058)

RTA three 0.539*** 0.448*** 0.378*** 0.366***
(0.043) (0.054) (0.059) (0.077)

RTA four/more 0.527*** 0.467*** 0.375*** 0.362***
(0.048) (0.067) (0.072) (0.092)

R2 0.96 0.98 0.47 0.53
Obs. 11184 11184 9362 9362

Note: All regressions include exporter-year and importer-year fixed effects.
Columns 1 and 2 contain pair fixed effects. Columns 2 and 4 control for
linear pair trends. Robust standard errors are in parentheses. Significance
levels: * p < .1 , ** p < .05, *** p < .01. Sample excludes pair-year
observations with bilateral exports smaller than $1 million or VAX ratios
larger than ten.
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Figure 1: World VAX Ratio between 1970 and 2009

Figure 2: World VAX Ratio between 1970 and 2009, by Sector
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Figure 3: Aggregate VAX Ratio Changes between 1970 and 2009, by Country

Note: Czech Republic, Estonia, Russia, Slovakia, and Slovenia are excluded due to
missing data in 1970.

Figure 4: Aggregate VAX Ratio Changes between 1970 and 2009 versus Initial 1970 levels
of VAX Ratios, by Country

Note: Czech Republic, Estonia, Russia, Slovakia, and Slovenia are excluded due to
missing data in 1970.
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Figure 5: Average Annual VAX Change versus Average Annual Real GDP Per Capita
Growth, by Country

Note: Countries with vertical labels have less than 40 years of data.

Figure 6: Between and Within Decomposition of VAX Changes versus Average Annual Real
GDP Per Capita Growth, by Country

Note: Countries with vertical labels have less than 40 years of data.
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Figure 7: Aggregate Value Added to Export Ratios for China, Germany, Japan, and United
States

Figure 8: Aggregate Value Added to Export Ratios for Selected Emerging Markets: Brazil,
Mexico, Poland, and Thailand
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Figure 9: Value Added to Trade Ratios across Bilateral Partners for the United States in
2008

Figure 10: Bilateral Value Added to Export Ratios for the United States for Selected Coun-
tries
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Figure 11: Between and Within Decomposition of Bilateral VAX Changes for Country Pairs
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Figure 12: Panel Regressions with Time-Varying Country Fixed Effects
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Note: See (8) for regression specification. Solid lines indicate time-varying coefficients on trade cost
proxies, and dashed lines indicate 90% confidence intervals. Standard errors are clustered by country
pair.
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Figure 13: Bilateral Fragmentation Before and After Regional Trade Agreements
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Appendix A

This appendix describes the data sources and procedures that we use to construct the input-
output framework.

A.1 Production and National Accounts

To measure macroeconomic aggregates and sector-level production over time, we use the
United Nations National Accounts Main Aggregates Database and the World Bank’s World
Development Indicators.52 For all countries other than China, we take aggregate GDP and
the expenditure side breakdown of GDP (consumption, investment, government spending,
exports, and imports) from the UN data. We use data from the WDI for China.53 We also
take sector-level GDP data from these sources for the four composite sectors, and we include
the sector definitions in Table A2. Finally, from the WDI, we also extract goods and services
trade shares in total exports and total imports. These are based on Balance of Payments
statistics, and we use these shares to split exports and imports from the expenditure-side
GDP data into goods versus services.

A.2 Trade Data

We combine commodity trade statistics and the trade aggregates in the national accounts to
generate a database of bilateral trade flows that is consistent in level terms with the national
accounts. We discuss three issues in production of this data. First, we discuss bilateral
commodity trade data sources and correspondences to industry data. Second, we discuss
how we harmonize these with national accounts data. Third, we discuss how we deal with
missing bilateral services trade data.

For bilateral goods trade, we draw on the NBER-UN Database for 1970-2000 and the
CEPII BACI Database for 1995-2009.54 The country coverage of the trade data is nearly
universal. We collapse the data to include the 42 countries and one composite rest-of-the-
world region, including all remaining countries.

This data is reported on a commodity-basis, but can be translated from commodities to
industries (e.g., ISIC-based industries) using existing correspondences. To convert the UN-
NBER data from SITC Revision 2 to ISIC Revision 2, we use a correspondence developed by
Marc Muendler.55 To convert the BACI data from six-digit Harmonized System categories
to ISIC Revision 3, we use correspondences from the United Nations and the CEPII.56 We
then map ISIC sectors into our four composite sectors.

Using these correspondences, we are able to match upwards of 95% of trade to industries
in most country years. The match quality for the post-1995 BACI data is nearly perfect. For

52See http://unstats.un.org/unsd/snaama and http://databank.worldbank.org.
53Comparing the WDI to the UN data, values for most countries are nearly identical. China is an exception.

Upon examination of other sources (e.g., Chinese national accounts), the WDI data appears more reliable.
54See http://cid.econ.ucdavis.edu and http://www.cepii.fr/anglaisgraph/bdd/baci.htm.
55See http://econ.ucsd.edu/muendler/html/resource.html. Other correspondences yield similar re-

sults.
56Priority is given to the official UN correspondence, available at http://unstats.un.org/unsd/cr/

registry/regdnld.asp. We use the correspondence from the CEPII for remaining unmatched categories.
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most countries, the match quality is also quite good using the NBER-UN data. However,
this historical data is of lower quality overall.57 Further, there are some matching problems
in this data for particular countries in specific years. These are due to problems in the raw
source data, not in the correspondences. In the NBER-UN data, there are often fictional
aggregate categories ending in ’X’ (e.g., 04XX) that include trade that could not be disag-
gregated. Where possible, we map directly from higher levels of aggregation (e.g., SITC 2
digit codes) to composite sectors. In some cases, there is trade in remaining unallocated
SITC 1 digit residual categories, and we split this data across composite sectors using the
world-level allocation shares for matched categories to composite sectors within that SITC
1-digit classification.

Having formed a complete bilateral goods trade dataset, we need to match this to ag-
gregate exports and imports in the national accounts. We take bilateral trade shares within
each composite sector from the bilateral goods trade data, and combine them with the levels
of goods exports and imports reported in the national accounts to form bilateral trade flows.
This procedure yields two conflicting estimates for each bilateral trade flow, one ‘exporter
report’ from multiplying the trade share times reported multilateral exports in a given source
country and a corresponding ‘importer report’ from multiplying the trade share times re-
ported multilateral imports in a given destination. To reconcile the flows, we average the
flows to form a single bilateral flow and then add or subtract the residual for each country
(e.g., the exporter report minus the reconciled trade flow) from trade flows with the rest of
the world. This operation preserves overall reported exports and imports (and hence the
trade balance) for each reporting country.

Next, we turn to constructing bilateral services trade flows using multilateral data on
services trade and goods bilateral trade shares. The objective is for estimated bilateral
services trade flows to follow closely goods bilateral trade flows while satisfying adding up
constraints. Note that one cannot just apply the bilateral goods import shares to aggregate
imports of services, as it is not guaranteed that the exporting countries produce enough
services to export those volumes. To obtain a consistent dataset, we thus run an optimization
program that finds the bilateral services flows that minimize the weighted squared distance
from flows created with average bilateral goods exports for each bilateral pair, subject to the
constraint that the sum of the bilateral flows be equal to multilateral exports and imports.

A.3 Input-Output Tables

We start with the 1995 and 2011 editions of the OECD Input-Output Database.58 We
extract domestic and imported input-output matrices, as well as sector-level data on gross
production, value added, domestic and imported final demand (encompassing household and
government final consumption expenditure and gross capital formation), and multilateral
exports and imports. Benchmark tables are available for various benchmark years, listed
in Table A1. The original data covers 35 sectors for years before 1990 and 48 sectors for
years after 1995. However, not all countries report data at this level of disaggregation, and

57For example, Russia is missing import data for 1992-1995, and we impute import shares for these years
using data for 1991 and 1996.

58See http://www.oecd.org/sti/inputoutput/.
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therefore the raw data contain rows and columns filled with zeros.59 Aggregation to the four
composite sectors for our main calculation resolves these problems. We provide the mapping
between OECD sectors and our four composite sectors in Table A2.

In the OECD input-output tables, there are other accounting variables that we do not
explicitly provide for in our framework, such as statistical discrepancies, other adjustments,
non-comparable imports, and net taxes. In general, these tend to be small or exactly zero.60

To eliminate these entries, we distribute them across across the variables in our framework
by minimizing the weighted squared distance between adjusted values and the raw uncleaned
data, subject to the constraint that input-output accounting identities hold. The algorithm
is very similar to the one used for the main estimation described below, so we omit details
here. In practice, the results of the full harmonization procedure are not very sensitive to
how we resolve these data issues. Finally, values in the input-output tables are reported in
national currency. We convert these to U.S. dollars using end-of-year exchange rates from
the IMF’s International Financial Statistics (AE series) and OECDStat.

Because the input-output and national accounts are taken from separate sources, they
are not internally consistent, even in given years in which they are all directly observed.
On top of this, benchmark input-output tables are available only for selected benchmark
years, which differ across countries. To track changes through time, we would need (at the
very least) data for all countries in a series of benchmark years. To track changes at higher
frequencies between benchmark years, or to extrapolate recent benchmark years into the past
where no benchmarks are available, we need to combine the benchmarks with information
we can measure at higher frequencies over longer time spans.

In doing so, we give priority to matching the national accounts and commodity trade data
discussed above, which are available in all years and likely measured with less error. We then
adjust the input-output benchmarks to be consistent with these data using a constrained
least squares procedure. The objective is to minimize the weighted squared distance between
the estimates and the data for years in which we have input-output and final demand data
and interpolations of that data for years in which we do not, subject to a set of accounting
identities. We pause here to spell out this procedure.

To start, for each country i and year t, we collect sector-level value added in a 1 × 4
vector vat

i, multilateral sector-level exports and imports in 4 × 1 vectors xti and mt
i, and

define aggregate final demand as scalar f t
i .

61 These data are available for all countries and
years in the database.

Now let I tDi and I tIi be 4 × 4 matrices of domestic and imported inputs, with elements
I tDi(s, r) and I tIi(s, r) representing domestic and imported inputs used in sector r supplied
by sector s, let f t

Di and f t
Ii be 4 × 1 vectors of domestic and imported final demand, and

let yti be a 4 × 1 vector of sector-level output. Define bti as a 44 × 1 vector containing the
vectorized unknown elements of I tDi, I

t
Ii, c

t
Di, c

t
Ii and yti , and let ι be a 4× 1 vector of ones.

Omitting country and year indices, for each country and year we solve the following

59For example, some countries include pharmaceuticals within chemical products rather than reporting
them separately.

60Some entries are exactly zero due to how data is reported from national authorities to the OECD.
61We construct xt

i and mt
i by multiplying exports and imports in the national accounts by sector trade

shares defined above.
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program:

min
b

(b− β)′W−1(b− β)

subject to

y′ = ι′II + ι′ID + va

y = fD + IDι+ x

m = fI + IIι

f = ι′fI + ι′fD

b ≥ 0,

where βt
i is a 44 × 1 vector containing initial values used in the computation, and W t

i is a
44× 44 weighting matrix with diagonal equal to βt

i .
Initial values are chosen based on combining the input-output and national accounts

data. We set the initial values for input-output coefficients to those in the OECD input-
output tables for benchmark years, and linear interpolations between benchmark years. For
years outside the range of years bracketed by benchmarks, we set the initial values equal to
the closest benchmark year.62 We construct sector output by dividing sector value added
by sector value added to output ratios from input-output tables for years in which we have
them, linear interpolations for years between benchmark years, and nearest benchmark years
for years outside the range of benchmarks. Following a similar procedure, we construct sector
final demand by multiplying aggregate final demand by sector shares in final demand from
input-output tables.

The solution to this program provides annual domestic and imported intermediate input
use and final demand values for the 42 countries between 1970 and 2009. We emphasize
that trade and macro data are given priority here, so we match GDP, GDP expenditure
categories (including the trade balance), sector-level GDP, and sector-level trade exactly.
All the adjustment is borne by input-output coefficients and sector-level demand shares.
Upon inspection, these adjustments are reasonably small and generally plausible.

The remaining step in constructing the global input-output framework is to disaggregate
input and final goods sourcing across bilateral partners in each year. That is, to take the
imported input use matrix AIi and imported final demand vector cIi for each country and
disaggregate them across trade partners. To so so, we apply the proportionality assumptions
discussed in the main text.

62This is likely a conservative assumption, as it effectively minimizes the amount of change in input-output
tables over time.
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Table A1: OECD Input-Output Database Coverage

Country Code early 70s mid 70s early 80s mid 80s early 90s mid 90s early 00s mid 00s

Argentina ARG . . . . . 1997 . .
Australia AUS 1968 1974 . 1986 1989 1994/95 2001/02 2004/05
Austria AUT . . . . . 1995 2000 2005
Belgium BEL . . . . . 1995 2000 2005
Brazil BRA . . . . . 1995 2000 2005
Canada CAN 1971 1976 1981 1986 1990 1995 2000 2005
Chile CHL . . . . . 1996 . 2003
China CHN . . . . . 1995 2000 2005
Czech Republic CZE . . . . . . 2000 2005
Denmark DNK 1972 1977 1980 1985 1990 1995 2000 2005
Estonia EST . . . . . 1997 2000 2005
Finland FIN . . . . . 1995 2000 2005
France FRA 1972 1977 1980 1985 1990 1995 2000 2005
Germany DEU . . 1978 1986 1988, 1990 1995 2000 2005
Greece GRC . . . . . 1995 2000 2005
Hungary HUN . . . . . 1998 2000 2005
India IND . . . . . 1993/94 1998/99 2003/04
Indonesia IDN . . . . . 1995 2000 2005
Ireland IRL . . . . . 1998 2000 2005
Israel ISR . . . . . 1995 . 2004
Italy ITA . . . 1985 . 1995 2000 2005
Japan JPN 1970 1975 1980 1985 1990 1995 2000 2005
Korea KOR . . . . . . 2000 2005
Mexico MEX . . . . . . . 2003
Netherlands NLD 1972 1977 1981 1986 . 1995 2000 2005
New Zealand NZL . . . . . 1995/96 2002/03 .
Norway NOR . . . . . 1995 2000 2005
Poland POL . . . . . 1995 2000 2005
Portugal PRT . . . . . 1995 2000 2005
Romania ROU . . . . . . 2000 2005
Russia RUS . . . . . 1995 2000 .
Slovak Republic SVK . . . . . 1995 2000 2005
Slovenia SVN . . . . . 1996 2000 2005
South Africa ZAF . . . . . 1993 2000 2005
Spain ESP . . . . . 1995 2000 2005
Sweden SWE . . . . . 1995 2000 2005
Switzerland CHE . . . . . . 2001 .
Thailand THA . . . . . . . 2005
Turkey TUR . . . . . 1996 1998 2002
United Kingdom GBR 1968 . 1979 1984 1990 1995 2000 2005
United States USA 1972 1977 1982 1985 1990 1995 2000 2005
Vietnam VNM . . . . . . 2000 .

Table A2: Sector Aggregation and Definitions

Sector Name ISIC Rev. 2 ISIC Rev. 3.1 1995 OECD codes 2011 OECD codes

1 Agriculture, hunting, forestry and fishing 1 A,B 1 1
2 Non-manufacturing industrial production 2,4,5 C,E,F 2,25-26 2,3,26-30
3 Manufactures 3 D 3-24,35 4-25
4 Services 6 to 9 G to Q 27-34 31-48
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Appendix B

In this appendix, we benchmark our results and explore their robustness to variation in as-
sumptions. First, we compare our value added to export ratios against alternatives computed
from different data sources. Second, using the GTAP data, we examine how aggregation and
assumptions regarding the rest-of-the-world influence the results.

B.1 Benchmarking Value Added to Export Ratios

In Johnson and Noguera (forthcoming), we used data from the GTAP 7.1 Database for 2004
to parameterize the global input-output framework and compute bilateral value added to
export ratios. This data is different that the data used in this paper in several dimensions.
At the most basic level, the raw data sources used and the harmonization procedures applied
to the data are different.63 One major difference is that GTAP data is available at the 57
sector level of disaggregation, as opposed to our four sectors. Moreover, GTAP data is
available for many more countries, with direct data on 94 separate countries plus imputed
data for 19 composite regions.

To assess our data and procedures, we compare the VAX ratio estimates for 2004 in this
paper to those in Johnson and Noguera (forthcoming). We start by comparing aggregate
value added to export ratios for the 41 countries included in both data sets in Figure B1.64

The data are evidently clustered tightly around the 45◦ line. The raw correlation between
the two measures is .93, and a regression line through the data returns a slope of nearly
exactly one. Thus, the multilateral VAX ratio lines up well to the data reported in Johnson
and Noguera (forthcoming). Further, aggregating across countries, the VAX ratio for trade
among these 41 countries is nearly identical across the two measures (exactly 0.732 in this
paper versus 0.736 using the GTAP data).

Moving down to the sector level, we plot VAX ratios for non-manufacturing and manufac-
turing sectors in Figure B2. Here again the positive correlation between the two alternative
measures is strong. The match is noisier at the sector level than in the aggregate, which
is to be expected.65 Further, for manufacturing, we see that on average the value added to
export ratios in this paper tend to be somewhat lower than those reported in Johnson and
Noguera (forthcoming). For non-manufacturing, average levels are similar. Notwithstanding
these average differences, cross-country patterns are similar. Further, these level differences

63In terms of raw data, a major difference is that GTAP collects input-output tables contributed from
researchers in individual countries, often constructed directly from national sources. In contrast, we rely on
data compiled and processed by the OECD. The differences in harmonization procedures between our data
and GTAP are too numerous to list individually here. As an example, one substantive difference is that
GTAP distinguishes between prices paid by purchasers versus prices received by suppliers at each iteration
of the production process. For example, taxes, tariffs, and transport cost margins drive a wedge between
producer and purchaser prices. We do not make this distinction in our data.

64Whereas we have separate data for Israel, GTAP includes Israel in a composite region. Therefore, we
drop Israel from all the analysis below.

65The raw data is noisier at the sector level than in the aggregate. Further, if errors are concentrated
in relatively small sectors, then they will tend to have little influence on aggregates. Finally, because we
match aggregate GDP and exports exactly, the model framework necessarily implies that if the value added
to export ratio is overestimated for one sector it must be underestimated for another. Thus, by construction
errors tend to average out with aggregation.
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aggregate away because the share of manufactures in trade in our data (taken from the
national accounts) is slightly lower than in the GTAP data.

Moving further down to the bilateral level, we plot bilateral value added to export ratios
for the largest four exporters in Figure B3. The data matches up well for these four countries,
within reasonable tolerances. Looking at all pairs with exports greater than $1 million and
VAX ratios less than 10 (the core sample used in our regression results), the raw correlation
is 0.84 and a regression with no constant returns a slope coefficient of 1.03, with standard
error of 0.01 and R2 = 0.94. Thus, our bilateral results also match up well to our previous
work.

This discussion implies that our data matches stylized facts that we have documented
previously using cross-sectional GTAP data. This good match is remarkable for several
reasons. First, given differences in sector detail across the two data sets, these results
demonstrate that sector aggregation appears to be relatively unimportant. Second, given
that the GTAP data contains detailed information for individual countries that we group
into a rest-of-the-world composite, these results also suggest that this data simplification
does not distort results. We return to discussion of these two issues directly below.

In addition to these cross-sectional comparisons, we can also compare our data to existing
results on changes in the value added content of trade through time. Hummels, Ishii, and
Yi (2001) and Chen, Kondratowicz, and Yi (2005) compute the domestic content of exports
using benchmark tables from the OECD for one country at a time. These calculations differ
from ours in that they use the raw OECD data, and do not aggregate or harmonize the data
with other data sources as we do. Moreover, they use a different – though related – formula
to compute domestic content, which applies to a special case of our general framework.66

Lastly, they present data for merchandise trade in their published work, which we compare
to our statistics for total trade.

We plot a comparison of our VAX ratios to the domestic content of exports over time in
Figure B4 and Figure B5.67 Figure B4 plots all benchmark years for each country in a single
figure, and therefore depicts how well the data matches level differences across countries
simultaneously with changes over time. Figure B5 plots benchmark years for each country
separately over time. Our VAX ratios match the cross-country variation in domestic content
well, which is the dominant source of variation in Figure B4. Our VAX ratios also match
the time series dynamics of domestic content for most countries, though levels are different
for some countries. Where there are divergences, these are generated almost entirely by
differences in the underlying data we use versus that used by Hummels et al. and Chen
et al., not differences in formulas used in computing VAX ratios versus domestic content.68

Further, some of these divergences may be explained by the fact that Hummels et al. and
Chen et al. construct domestic content ratios for merchandise trade only, whereas we include
all trade.

66See Johnson and Noguera (forthcoming) for further discussion.
67The data on domestic content comes from Table 2 in Chen, Kondratowicz, and Yi (2005).
68We can compute the Hummels-Ishii-Yi measure of domestic content using our data and compare it to the

aggregate VAX ratio presented in the figures. We find these are very similar. Results available on request.

53



B.2 Sector Aggregation and Trade with the Rest-of-the-World

In computing VAX ratios in this paper, we aggregate sectors into four broad composite
sectors and assume that all exports from the 42 countries in our framework to the rest-of-
the-world are absorbed there (i.e., not used to produce imports from the rest of the world).
The similarity of the VAX ratios in this paper to those using GTAP data, presented above,
suggest that we do not lose much information in making these two simplifications.

To reinforce this point, we now demonstrate the consequences of these two assumptions in
the GTAP data directly. This fixes the underlying data, and varies aggregation and rest-of-
the-world assumptions only. Specifically, we aggregate the GTAP data from 57 to 4 sectors
for 41 countries (as above) and a rest-of-the-world composite.69 We then compute value
added trade first using the input-output information for the rest-of-the-world contained in
the GTAP data. We plot the resulting VAX ratios by country in the left panel of Figure B6,
against VAX ratios computed using all 57 sectors. We then discard input-output information
for the rest-of-the-world, and recompute VAX ratios assuming that all exports to the rest
of the world are absorbed there. We then plot these VAX ratios by country against the 4
sector results in the right panel of Figure B6.

As is evident in the figure, the numerical values of the VAX ratios and country-rankings
are not very sensitive to varying the level of aggregation or assumptions regarding the rest
of the world.70 Similar results hold for sector-level and bilateral VAX ratios.71 These results
may seem initially surprising, but are an outcome of a basic fact in the data. In building sec-
tors in input-output data, national accountants are guided in aggregation by the “principle
of homogeneity.” The principle requires that each composite industry’s output is produced
using a unique set of inputs, roughly speaking. In our data, sectors within our composite
sectors are more similar among themselves than they are to other sectors.72 Further, extend-
ing this idea from sectors to countries, aggregation among countries with similar production
and trade structures will also tend to minimize the loss of information in aggregation. Com-
bined with the fact the countries included separately in our framework account for the bulk
of world trade and GDP, it is then not so surprising that the results are fairly robust to
changes in assumptions regarding the rest-of-the-world.

69GTAP sectors 1 to 14 are included in agriculture and natural resources, sectors 15 to 18 and 43 to 46 are
included in non-manufacturing industrial production, sectors 19 to 42 are included in manufacturing, and
sectors 47 to 57 are included in services.

70One point to note is that assuming all trade with the rest-of-the-world is absorbed there tends to push
VAX ratios for the 41 countries down, which is related to the observation in figures above that our VAX
estimates in this paper appear slightly lower in several figures than VAX estimates in Johnson and Noguera
(forthcoming).

71We have omitted these results here for brevity, but they are available on request.
72For example, if one looks at manufacturing as a whole, value added to output ratios are relatively similar

across sectors, as opposed to comparing manufacturing versus services. So this implies a minimal disaggre-
gation of the aggregate economy requires splitting the data into manufacturing versus non-manufacturing.
Further, within composite sectors, sub-sectors are also similar in the structure of their sectoral input linkages
as well as economic openness.
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Figure B1: Comparison of Value Added to Export Ratios in 2004, by Country

Note: Black line denotes the 45◦ line.

Figure B2: Comparison of Value Added to Export Ratios in 2004, by Country and Composite
Sector

Note: Black line denotes the 45◦ line.
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Figure B3: Comparison of Bilateral Value Added to Export Ratios in 2004 for China, Ger-
many, Japan, and United States

Note: Black line denotes the 45◦ line.
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Figure B4: Comparison of Value Added to Export Ratios Over Time

Note: Black line denotes the 45◦ line. The measure of Domestic Content is taken
from Chen, Kondratowicz, and Yi (2005). Country and benchmark year for each
data point are indicated by country abbreviation and last two digits of benchmark
year.
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Figure B5: Comparison of Value Added to Export Ratios Over Time, by Country

Note: Black line denotes the 45◦ line. The measure of Domestic Content is taken
from Chen, Kondratowicz, and Yi (2005). Marker label DC denotes domestic con-
tent, while marker label VAX denotes the value added to export ratio in this paper.

Figure B6: Comparison of Value Added to Export Ratios in 2004 Computed using GTAP
Data under Alternative Assumptions

Note: Black line denotes the 45◦ line.
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