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Abstract

Following the spread of global value chains new statistical tools, the Inter-
Country Input-Output tables, and new analytical frameworks have been recently
developed to provide an adequate representation of supply and demand linkages be-
tween economies. Previous contributions have significantly improved the investiga-
tion into the value-added composition of gross trade flows and its relationship with
final demand. However, several important questions have not yet been addressed
since bilateral exporter-importer relations and the sectoral dimension of trade flows
have not been properly taken into account so far. This paper proposes new method-
ologies for value-added accounting of trade flows at bilateral and sectoral level that
can be used to investigate several empirical questions, including the assessment of
the share of trade related to global value chains. We argue that different empirical
issues require distinct methodological approaches and measures. In this way, we
can bring together a large part of the related literature under one comprehensive
framework; we also show the conceptual drawbacks that affect some of the other
contributions which do not fully fit into this framework.
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1 Introduction

The international fragmentation of production processes has challenged the capa-
bility of standard trade statistics to truly represent supply and demand linkages
between economies. In general, bilateral exports differ from the portion of a coun-
try’s GDP related to the production of goods and services shipped to a certain
outlet market. On the one hand, exports also embed imported intermediate inputs
and on the other, the directly importing country often differs from the ultimate
destination where goods are absorbed by final demand. Whenever production is
organized in sequential processing stages in different countries, trade statistics re-
peatedly double-count the same value-added. The diffusion of global value chains
(GVC) has therefore deepened the divergence between gross flows, as recorded by
traditional trade statistics, and the data on production and final demand as ac-
counted for in statistics based on value-added (above all GDP). In this new con-
text, we need to reconsider how to track production-demand linkages and evaluate
the impact of trade policies; we also need to assess countries’ participation in the
international sharing of production. To this end, proper tools are needed in order
to address a number of new empirical questions such as: What part of a country’s
exports can be ascribed to the value-added produced at home or abroad? How can
we allocate it across the different bilateral and sectoral trade flows? Which markets
absorb these productions as final demand? How important is GVC-oriented trade
for a country’s exports and imports? To what extent is a country’s production
involved in the commercial exchange between two other economies? How can it be
affected by a restrictive trade policy imposed by a given country on a given sector
vis-à-vis one or more partners? These represent only a subset of all the relevant
questions that the spread of GVC has posed.

In order to address these issues new databases have been developed. In
particular, the Inter-Country Input-Output (ICIO) tables, like the WIOD or the
OECD-WTO TiVA, combine national input-output tables with detailed trade data
to map cross-country and cross-sector interconnections (Timmer et al. 2015, OECD-
WTO, 2014). Moreover, new analytic methodologies have been proposed to explore
these data, like those developed by Hummels et al. (2001), Johnson and Noguera
(2012) and Koopman at al. (2014). These seminal contributions have significantly
improved the investigation of production-demand linkages and the knowledge of the
value-added composition of gross trade flows when productions are unbundled across
different countries and industries.1 Nevertheless, relevant questions still remain

1Another strand of the literature has focused on the length of production chains and on how
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unanswered or, in some cases, are only partially addressed by the methodologies
mentioned above. In general, bilateral exporter-importer relations and the sectoral
dimensions of trade flows are overlooked in these works. This impairs a deep analysis
of the direct and indirect trade linkages between countries and sectors.

The primary aim of this paper is to fill this gap by proposing new method-
ologies for value-added accounting of trade flows at bilateral and sectoral level.
The measures we propose can be used to properly address some relevant empirical
questions, such as those mentioned above. Moreover, by exploring more detailed
dimensions of trade flows, we can also provide a more correct representation of
certain phenomena also at the aggregate level (e.g. country, region, world).

There are several reasons why the bilateral and sectoral dimensions matter.
First, firms trade with bilateral partners, even when participating in more complex
multi-country production networks and trade policies are also usually implemented
at the bilateral and sectoral level. Moreover, when studying the implications of
GVC, it is relevant to consider the position of a country (or a sector) within the
production chain and identify its direct upstream and downstream trade partners.
This may be relevant in order to geographically map the production networks and
analyze the international propagation of macroeconomic shocks, such as exchange
rates’ variations and inflation spillovers (Patel et al. 2016, Auer et al. 2017, De
Soyres et al. 2018). Deepening the knowledge of these mechanisms also provides
useful insights into interpreting the short-term dynamics of trade flows. Moreover,
macroeconomic shocks and trade policies may produce heterogeneous effects on the
different trade components, depending on the extent to which they are involved in
GVCs (Ruta, 2017; Hofmann et al., 2018; Cook and Patel, 2018).

Through our decomposition of trade flows, we provide a novel measure of
share of trade components that are related to GVCs which consistently refines the
vertical specialization index proposed by Hummels et al. (2001). This can be
important, among other things, to assess how the evolution of GVCs influence the
long term dynamics of trade (Borin et al. 2017, De Vries et al. 2017).

Another issue that can be explored with the measures proposed in this paper
regards how countries’ participation in GVCs affects bilateral trade balances, an
aspect that influences trade relations (Nagengast and Stehrer, 2016). In general,
the detailed breakdowns of bilateral/sectoral exports we present find a broad scope
for empirical investigations into global production networks both at macro and

countries and sectors are specialized in the different stages of the production process (Fally, 2012;
Antras et al., 2012; Antras and Chor 2013; Wang et al. 2016).
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micro level.

The aspects that we discuss are also dealt with in other contributions, some
of which have been developed in parallel with this work (Wang et al., 2013; Los et
al., 2016; Nagengast and Stehrer, 2016; Johnson, 2018; Miroudot and Ye, 2018).
The presence of different concurring methodologies has raised doubts about the
appropriate way to measure certain phenomena. In fact, we claim that there is no
unique correct methodology to address all possible empirical questions related to
the value-added accounting of trade. For instance, we show that we should resort to
different approaches to provide proper answers to the questions mentioned above.

A key issue in the value-added accounting of trade regards the definition
of ‘double counted’ components, i.e. the items that are recorded several times
in a given gross trade flow, due to the back-and-forth shipments that occur in
a cross-national production process (Koopman et al. 2014). We claim that the
definition of double counting may change according to the specific phenomenon
under investigation. This gives rise to alternative perspectives and approaches. We
argue that each one is conceptually suited to addressing different types of empirical
issues. We also show how some of the methodologies proposed in other contributions
fit into this framework.

Indeed, one of the contributions of this work is to reconcile a large part of the
existing literature under one comprehensive framework, pointing out the relations
between a specific approach and the questions that it is best suited to address.

Although there are infinite possible accounting decompositions and several
different approaches, this does not mean that all of them are conceptually correct or
economically meaningful. Each method finds its theoretical justification in the fact
that it measures a certain phenomenon properly and/or it addresses an economically
relevant question. In the final part of this work we discuss a series of shortcomings
and limitations that affect some of the techniques that have been proposed in the
literature. We show how this leads to imprecise or incorrect evaluations as compared
to those presented in this paper and in other contributions that do not entirely
square with the proposed framework (e.g. Los et al. 2016; Johnson 2018; Miroudot
and Ye, 2018).

The rest of the paper is organized as follows. Section Two reviews the main
methods that have been proposed in the literature to measure the origin and the
final destination of the value-added embedded in trade flows; we clarify how we
can improve on the existing measures by focusing on bilateral and sectoral rela-
tionships; we then discuss a number of key methodological issues and point out
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how different approaches can be adopted to address different questions. Section
Three presents two novel breakdowns of the domestic and foreign GDP in exports
by bilateral partner and shows how to include different sectoral dimensions in these
decompositions and derive new indicators of GVC-related trade. Section Four illus-
trates alternative perspectives for the value-added accounting of trade at bilateral
and sectoral-bilateral level. Section Five examines the relationship between our
methodologies and other accounting frameworks proposed in the literature in more
detail and discusses some critical aspects of the latter. Section Six concludes.

2 Trade in value-added: seminal contributions
and methodological issues

In this work we consider a standard Inter-Country Input-Output (ICIO) model
with G countries and N sectors. Appendix A gives an exhaustive definition of the
notation and, for this reason, here we only mention that Esr is the N×1 vector of
exports of country s to country r, Xs is the N×1 vector of gross output produced
by country s, A is the GN×GN global matrix of input coefficients, B is the global
Leontief inverse matrix for the entire inter-country model and Vs is the 1×N vector
that incorporates the value-added shares embedded in each unit of gross output
produced by country s.

It would seem useful to start by reviewing what we know about trade-
production-demand nexuses from the existing input-output literature. When pos-
sible, we consider a formulation of these measures suitable for bilateral trade flows,
so that we can easily compare them with with the methodologies proposed in the
following sections. However, there are measures that can be applied only at multi-
lateral level (e.g. for the total exports of a country).

In their seminal contribution, Hummels et al. (2001) propose to split gross
exports between a share of domestically produced items and share of imported
inputs embedded in exports, where the latter takes into account both the direct and
indirect production linkages within the domestic market. Hummels et al. (2001)
define the share of import content in exports as the ‘Vertical Specialization Index’
(VS) which can also be computed for bilateral exports between s and r. In an ICIO
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framework the VSsr indicator can be expressed as:2

VSsr = uN

G∑
t 6=s

Ats(I−Ass)−1Esr/uN Esr, (1)

where uN is the 1×N unit row vector and (I − Ass)−1 represents the domestic
inverse Leontief matrix.

Although the VS indicator provides valuable information for several empir-
ical applications,3 there are relevant aspects that are not taken into account. In
particular, imported inputs in exports are considered as a single category, with-
out distinguishing between the part that originated abroad and the part that was
originally produced by s itself and then re-imported.

Indeed, by exploiting Inter-Country Input-Output tables, gross exports can
be broken down according to the country that initially produced each component.
Koopman et al. (2008) use the global Leontief inverse matrix to trace back the total
gross output produced by each country j to deliver one unit of country s exports
(Bjs), and the related value-added shares (Vj). The part that originated in country
s is referred to as the ‘domestic content of exports’ (DCsr), whereas the remaining
part is called the ‘foreign content of exports’ (FCsr, Koopman et al. 2014):

uN Esr = VsBssEsr︸ ︷︷ ︸
domestic

content (DCsr)

+
G∑

t 6=s

VtBtsEsr︸ ︷︷ ︸
foreign

content (FCsr)

. (2)

In the same way as gross exports are decomposed by country of origin in (2),
they can be classified according to the country of ultimate absorption in final de-
mand. Esr consists of final goods (Ysr) and intermediate inputs for the production
of gross output in country r (Xr):

Esr = Ysr + AsrXr, (3)

where Ysr indicates the N×1 vector of final goods completed in s and consumed
2Hummels et al. (2001) measures can be computed without resorting to an Inter-Country Input-

Output database since they were developed for national Input-Output tables that distinguish only
between imported and domestic inputs.

3In particular, later in the paper we show that the VS indicator is a good measure of the
participation of a country in the downstream phases of international production chains. Moreover,
the complementary part of the VS share of exports is one of the possible measures of domestic
value-added embedded in exports (see also Johnson, 2018, on the same point).
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in r. The intermediate inputs imported by country r (Xr) can be linked with the
country of final completion and the market of ultimate demand. According to basic
I-O accounting relations (see equation A.2 in the Appendix), all the remaining (and
potentially infinite) stages of production are accounted for by the Leontief inverse
matrix B:

Esr = Ysr + Asr

G∑
k

G∑
l

BrkYkl, (4)

where k and l might be the exporting country s itself, and the generic Yij indicates
the final goods completed in country i and finally sold in country j.

Relationships in (2) and in (4) add relevant information to traditional gross
trade statistics (i.e. the very origin and the ultimate destination of exports). Nev-
ertheless, it is still ‘gross accounting’, in the sense that these measures include the
items that cross country s’s borders several times along the production process.
Only by isolating these double counted items, we can measure the ‘net’ production
(value-added) embedded in exports, akin countries’ GDP.

Johnson and Noguera (2012) contribute to filling this gap by proposing a way
to measure the share of a country’s GDP that is absorbed abroad. In particular, in
a global input-output framework the ‘net’ value-added produced by s and absorbed
abroad (the so-called ‘value-added export’, VAXs) can be computed as follows:

VAXs = Vs

G∑
k

G∑
l 6=s

BskYkl. (5)

On the one hand, this measure is comparable to value-added statistics, like
GDP, and it is useful to link the ‘net’ production with the specific market of final
absorption; on the other hand, the VAXs is only a fraction of the country s’s
GDP embedded in its exports since it does not consider the portion that is later
re-imported and absorbed at home; moreover, this approach does not allow the
trade linkages through which the value produced in s reaches the market of final
destination l to be traced. The latter aspect could be relevant in many cases,
including the analyses of international supply networks and evaluation of trade
policies.

Koopman et al. (2014) propose a method to single out the entire domestic
and foreign value-added embedded in the aggregate exports of country s, as well as
the double counted items originally produced at home and abroad. In particular,
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they highlight that some trade flows are purely double-counted, such as when inter-
mediate inputs cross a country’s borders several times during the different stages
of production. The complete decomposition proposed by Koopman et al. (2014)
is reported in Appendix B whereas Figure 1 shows a simplified scheme of their
breakdown of aggregate exports.

Gross Exports (Es∗)

Domestic Content
(DCs∗)

Domestic
Value Added
(DVAs∗)

Value Added
Exports
(VAXs∗)

Reflection
(REFs∗)

Domestic
Double Counted

(DDCs∗)

Foreign Content
(FCs∗)

Foreign Value
Added

(FVAs∗)

Foreign Double
Counted
(FDCs∗)

Figure 1: A basic scheme of the Koopman et al. (2014) decomposition of total exports

Notably, Koopman et al. (2014) combine the measures of the content of
exports (i.e. (2)) with the index of ‘Value Added Exports’ proposed by Johnson
and Noguera (2012). In particular, the latter is a subcomponent of the domestic
value-added embedded in gross exports, the remaining part being the value-added
that is finally absorbed by the exporting country itself (labelled ‘Reflection’ by
Koopman et al., 2014).

The Koopman et al. (2014) breakdown applies only to aggregate exports,
whereas investigating on the value-added content of trade at the bilateral level
(and/or sectoral level) is crucial in many cases. For instance, this method has lim-
ited scope of application in the assessment of trade policies and in many analyses of
international production linkages. Moreover, some of the components of Koopman
et al. (2014) breakdown are imprecisely defined, as extensively discussed in Section
5.2.

Our main contribution is to provide an exhaustive and rigorous value-added
decomposition of exports at the aggregate, bilateral and sectoral level. To this aim,
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we need to address some specific issues that arise when considering disaggregated
shipments, instead of aggregate exports. Our claim is that there is no such thing as
a unique method to account value-added in disaggregated trade flows, and different
measures, with regard to a common framework, have to be considered in order to
address different empirical questions.

A key matter in the definition of these different measures regards the double
counted items. First it is important to define the perimeter according to which
something is double counted. For instance, the boundaries may be defined at the
level of the county, or at the level of a specific bilateral relation, or at the level
of a single exporting sector within a bilateral flow. Different logic can be adopted
to address different issues. For instance Koopman et al. (2014) take a ‘country
level perspective’4 for the accounting of the domestic value-added components in
order to address this question: ‘what part of a country’s GDP is embedded in its
own exports?’5 This country level perspective also has to be considered in the
decomposition of bilateral flows when we aim to obtain a measure of ‘net’ trade
that can be added up to exporter’s GDP in total exports.

Additional perspectives can be considered to address other issues. For in-
stance, if we want to evaluate how an exogenous variation of the imports of a
country (or of single sector) affect the value-added produced in another country, we
should only consider only the items that are re-exported within the same bilateral
relationship (or sectoral-bilateral relationship) as double counted.6 This is what we
call a ‘pure bilateral’ (or sectoral-bilateral) perspective.

The second point specifically regards the decomposition of bilateral exports
that uses a country level perspective. In this case, when a certain portion of value-
added crosses the border of the same country more than once, it has to be assigned
to a particular gross bilateral trade flow whereas it is recorded as double counted
in the others. The question is the following: in which case should we consider it
as ‘domestic value-added’ and in which ‘double counted’? Nagengast and Stehrer
(2016) propose two alternative approaches: a first one takes the perspective of the
country where the value-added originates (the source-based approach), a second
one that of the country that ultimately absorbs it in final demand (the sink-based
approach).

4This means that exporting country’s frontiers - as a whole - constitute the perimeter that
matters in order to decide whether or not a certain item has to be classified as double-counted.

5It is worth noting that the accounting of the foreign content in exports in Koopman et al.
(2014) follows a different logic. This issue is discussed in more detail in Section 5.1.

6See also Johnson (2018) on this point.
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An illustrative example can help clarify this point. In the production-trade-
demand scheme depicted in Figure 2 the 1 USD of value-added originally produced
in A is first exported to B as intermediate inputs, processed there, then shipped
back to A and used to produce final goods for re-export to C. In this case, the
value-added generated in the very first stage of production in A is counted twice
in its aggregate gross exports (the first time in the bilateral exports toward B, the
second time in the shipments to C).

C
VA=0 Y=3

B
VA=1

A
VA=1+1=2

3 1
2

Figure 2: Value-added and double counting in bilateral trade flows

According to the source-based approach, the original 1 USD of production of
country A would be considered as ‘domestic value-added’ in A’s exports to B (and
‘double counted’ in its shipments to C); vice versa, using the sink-based approach
it would be considered as ‘domestic value-added’ in A’s exports to C (and ‘double
counted’ in its shipments to B).

In short we can say that the source-based method accounts for the value-
added the first time it leaves the country of origin, whereas the sink-based approach
considers it the last time it crosses the national borders. Again the choice between
the two frameworks depends on the particular empirical issue we want to address.
For instance if one is interested in investigating the trade linkages through which the
value-added reaches a certain market of final destination, the sink-based approach
is probably more appropriate. On the contrary, the source-based method traces the
very first border crossed by the product and is more suited to investigations into
the origin of the value-added.

Even if different approaches are adopted, every decomposition of trade flows
should meet two basic requirements: i) accuracy (i.e. each component should iden-
tify correctly what it is supposed to measure); ii) internal consistency (i.e. each
component should be consistent with the specific approach adopted). Our first
contribution is to provide both a source-based and a sink-based decomposition of
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bilateral exports - in a country level perspective - that meet these requirements.
Since the double counted terms are based on a country level perspective, for both
decompositions it holds true that the sum of the domestic value-added in exports
across all the bilateral flows yields to the total GDP embedded in exports. We show
how the definitions of ‘value-added’ and ‘double counted’ terms vary when moving
from a country level perspective to a pure bilateral one.7 Then, we focus on sectors:
first we add a sectoral dimension to the source and sink decompositions based on
a country level perspective; we then propose an ad hoc decomposition that use a
sectoral-bilateral perspective to define double counted items.

By focusing on bilateral trade flows we can follow the pattern of value-added
in exports along the different phases of the value chain. However, the input-output
framework potentially allows for infinite rounds of production. Hence, we face
a trade-off between adding details on the international production linkages and
providing an analytically tractable and conceptually intelligible framework. Our
compromise is to track the direct importing country, then - if the value-added is
not absorbed there - we consider the additional destinations of re-export from the
direct importers.

In summary, our strategy is to decompose gross bilateral trade flows by
identifying the following actors: i) the country of origin of value-added; ii) the
direct importers; iii) the (eventual) second destination of re-export; iv) the country
of completion of final products; v) the final destination market.

3 The decomposition of bilateral gross exports in
a country level perspective

The country level perspective adopted in this section is suited to measuring the GDP
of a country that is embedded in its own total exports (or in the total exports of
any other country). In this framework value-added indicators measured at bilateral
and/or sectoral level can be added up to the total GDP exported by a country. This
property holds both for the source-based decomposition and the sink-based one.

In the source-based approach the value-added is recorded as close as possi-
ble to the moment it is produced; then, it is designed to examine the production
linkages and the country/sector participation to different types of production pro-

7In this way we can also point out the relationship with the methods proposed by Johnson
(2018) and Los et al. (2016) based on hypothetical extraction.
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cesses. Conversely, in the sink-based approach the value-added is recorded as close
as possible to the moment it is ultimately absorbed, and this makes it more suited
to studying the relationship between production and final demand. Then, among
other things, the source-based decomposition is the proper one when we aim to
study the features of the production processes in which export flows are involved.
For instance, by drawing on this breakdown of gross trade, we derive a set of in-
dicators of GVC-related trade that consistently extend the ‘Vertical Specialization’
index (VS) proposed by Hummels et al. (2001). On the contrary, the sink-based
approach should be adopted to study the value-added composition of final goods’
exports or examine the role of a country’s final demand in activating productions
and trade flows, such as, for instance, in an analysis of bilateral trade balances
(Borin and Mancini, 2016a, 2016b; Nagengast and Stehrer, 2016).

Operationally, we develop the two breakdowns of bilateral trade flows start-
ing from the common basic scheme of Koopman et al. (2014), depicted in 1. This
means that the gross exports from country s to country r (Esr) are decomposed
according to the country of origin (e.g. the domestic content DCsr and the foreign
content FCsr), further distinguishing between the components of ‘net’ production
(e.g. the domestic value-added DVAsr and the foreign value-added FVAsr) and
the double counted items (domestic, DDCsr, and foreign, FDCsr). Then, further
details are added to take the final market dimension into account.

It is also worth mentioning that we apply the same notion of double counting
both for the domestic value-added and for the value-added originated abroad, i.e.
they are both defined according to the (exporting) country perspective. In this way
by summing the foreign value-added terms across the different bilateral destinations
(r) we obtain the total value-added (i.e. GDP) produced by a given country t and
exported by country s. This notion differs from the definition of foreign value-added
and foreign double counted most commonly used in the literature (Koopman et al.,
2014; Wang et al., 2013; Nagengast and Stehrer, 2016; Miroudot and Ye, 2018). We
discuss this issue in more detail in Section 5.1.

3.1 Source-based breakdown

In the source-based breakdown of bilateral exports, the value produced in a country
is accounted for as ‘value-added’ the first time it crosses the exporter’s national
borders. For instance, in the basic production process depicted in Figure 3, the
value produced in ‘phase 1’ is accounted for as ‘value-added’ in the first shipment
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from s, whereas in the last shipment it is considered as ‘double counted’. Indeed,
in the decomposition of ‘shipment 2’ from s, only the value produced by s and r in
‘phase 2’ is accounted for as ‘value-added’. In other words, starting from ‘shipment
2’, we should go back up the production chain to ‘shipment 1’ (i.e. up to the point
in which country r imports intermediate inputs from country s). In general the
distinction between ‘value-added’ and ‘double counted’ can be made by splitting
the production chain in phases, each one delimited by an export flow of country s:
what is generated within that particular production phase is accounted for as ‘vale
added’ in exports, what comes from further upstream production stages is ‘double
counted’.

Production 
stage 1 

Country s 

Production 
stage 2 

Country r 

Production 
stage 3 

Country s 

Final  
demand 
Country r 

Production phase 1 Production phase 2 

1st shipment 
from s  

2nd shipment 
from s  

Figure 3: Breakdown of production phases

How can we implement this partition of the production process in a general
ICIO framework?

In the decomposition of gross exports of equation (2) the Leontief inverse
matrix B takes into account all the backward production linkages that precede a
certain export flow, and this leads to the double counting issue. We propose to
single out the value-added components by modifying the matrix B in such a way
that we can slice down the production process along the outward boundaries of the
exporting country s. In order to figure out how to implement this operationally, it
might be useful to consider the representation of the global Leontief inverse as a
sum of infinite series of the gross output generated in all the upstream stages of the
production process:

B = I + A + A2 + A3 + . . . + An n→∞. (6)

We can split the production process along country s’s borders by cutting
out its intermediate export linkages in any stage of the above series. Algebraically,
we set to zero the coefficients of matrix A that identify the direct requirement of
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intermediate inputs from country s (i.e. Asj = 0 ∀ j 6= s):

A/s =



A11 A12 · · · A1s · · · A1G

... ... . . . ... ... ...
0 0 · · · Ass · · · 0
... ... ... ... . . . ...

AG1 AG2 · · · AGs · · · AGG


. (7)

Then, the corresponding inverse Leontief matrix is:

B/s = (I−A/s)−1. (8)

In Appendix B we show how B/s is related to the original global Leontief
inverse matrix. In particular, we can see that the following relation holds:

Bis = B/s
is + B/s

is

∑
j 6=s

AsjBjs, (9)

where i could be either s or a different country.

The relation in equation (9) can be used to refine the bilateral version of
the decomposition in equation (2) so that we can single out the ‘value-added’ and
‘double counted’ terms within each component:

uN Esr =

domestic
content (DCsr)︷ ︸︸ ︷

VsB/s
ssEsr︸ ︷︷ ︸

domestic value
added

(DVAsourcesr)

+ VsB/s
ss

∑
j 6=s

AsjBjsEsr︸ ︷︷ ︸
domestic double

counted
(DDCsourcesr)

+

foreign
content (FCsr)︷ ︸︸ ︷

G∑
t6=s

VtB/s
tsEsr︸ ︷︷ ︸

foreign value
added

(FVAsourcesr)

+
G∑

t 6=s

VtB/s
ts

∑
j 6=s

AsjBjsEsr︸ ︷︷ ︸
foreign double

counted
(FDCsourcesr)

.

(10)

Equation (10) reports a source-based breakdown of bilateral exports accord-
ing to the main items identified by Koopman et al. (2014) for aggregate flows (see
Figure 1). The double counted items are measured by isolating portion of country
s exports to r that have been already exported by s in a previous stage of the
production process.8

8Part of the intermediate goods exported by country s (
∑G

j 6=s AsjXj) are later re-imported by
s itself and enter again its exports, generating in this sense a double-counted item in a source based
framework. In particular here we are interested in the intermediate goods shipped abroad that
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As regards the domestic components, it is worth noting that the B/s
ss cor-

responds to the so called local Leontief matrix (I −Ass)−1 (see equation (D.7) in
Appendix B). This means that the domestic value-added in exports in the source-
based approach is obtained by isolating all the domestic stages of production needed
to produce the exported goods, while ignoring the domestic content of imported in-
puts:

DVAsourcesr = Vs(I−Ass)−1Esr. (11)

Notably, this measure of domestic value-added in exports corresponds to the
complement to the ‘import content of exports’ proposed by Hummels et al. (2001)
(i.e. the numerator of the ‘Vertical Specialization’ index VSsr of equation (1),
see proof in Appendix C). It also corresponds to the measure of domestic value-
added proposed by Johnson (2018), but only in the two-country world considered
by the author. In a more general framework with several countries and sectors,
the approach suggested by Johnson (2018) seems different from the country-level
source-based one presented here. We discuss this point more extensively in Section
4.1, where we propose an alternative decomposition of gross exports that generalizes
to a n-country context the approach suggested by Johnson (2018).

In addition to the breakdown of the value-added by country of origin, the
literature has also considered the relationship with the market of final absorption
(Johnson and Noguera, 2012, Koopman et al., 2014). In a bilateral context we can
dig deeper into the forward production linkages and into the connections with final
demand. Since infinite rounds of production could occur before an intermediate
product reaches the final demand, we stress that our choice is to identify the direct
importer, the (potential) second destination of re-export, the country of completion
of final products and the ultimate destination market. As a first step, we can split
bilateral exports Esr into final goods (Ysr) and intermediate inputs required by the
production of gross output of country r (Xr):

Esr = Ysr + AsrXr. (12)

In country r, in turn, the intermediate inputs imported from s undergo one
or more processing phases to produce final products for domestic consumption or

re-enter in the exports from s to r, following any possible production pattern (
∑G

j 6=s AsjX(→Esr)
j ).

This can be computed as:
∑G

j 6=s AsjBjsEsr.
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goods for re-export (both intermediate and final):

AsrXr = Asr(I−Arr)−1Yrr + Asr(I−Arr)−1Er∗. (13)

Then, (re)exports from country r can be split into intermediate goods and
final products:

Er∗ =
G∑

j 6=r

Yrj +
G∑

j 6=r

ArjXj . (14)

At this point, we can link the intermediate inputs imported by country j with
the country of final completion and the market of ultimate demand. According to
basic I-O accounting relations(see equation A.2 in appendix), all the remaining (and
potentially infinite) stages of production are accounted for by the Leontief inverse
matrix B:

G∑
j 6=r

ArjXj =
G∑

j 6=r

Arj

G∑
k

G∑
l

BjkYkl. (15)

By combing equations (11) to (15), we can obtain a comprehensive source-
based decomposition of domestic value-added in bilateral exports:

DVAsourcesr = Vs(I−Ass)−1

Ysr + Asr(I−Arr)−1Yrr + Asr(I−Arr)−1
G∑

j 6=r

Yrj

+ Asr(I−Arr)−1
G∑

j 6=r

Arj

G∑
k

G∑
l

BjkYkl

 (16)

FVAsourcesr =
G∑

t6=s

VtB/s
ts

Ysr + Asr(I−Arr)−1Yrr + Asr(I−Arr)−1
G∑

j 6=r

Yrj

+ Asr(I−Arr)−1
G∑

j 6=r

Arj

G∑
k

G∑
l

BjkYkl

 . (17)

It is worth recalling that the two subscripts on final demand matrix Y refer
to the country of final completion and the market of final absorption.9 We can then
consider specific subportions of the final demand matrix, for instance, to distinguish
between the domestic value-added ultimately absorbed in the country of origin s

9For instance Ykl identify the vector of goods finalized in k and sold in l.
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(i.e. the ‘reflection’ terms in Koompan et al., 2014 terminology) or in a foreign
market (i.e. the ‘value-added exports’, or VAXsr, in Johnson and Noguera, 2012
nomenclature):10

REFsourcesr = Vs(I−Ass)−1

Asr(I−Arr)−1Yrs + Asr(I−Arr)−1
G∑

j 6=r

Arj

G∑
k

BjkYks


(18)

VAXsourcesr = Vs(I−Ass)−1

Ysr + Asr(I−Arr)−1Yrr + Asr(I−Arr)−1
G∑

j 6=r,s

Yrj

+ Asr(I−Arr)−1
G∑

j 6=r

Arj

G∑
k

G∑
l 6=s

BjkYkl

 . (19)

The first two terms of equation (19) represent the value-added generated in
s and absorbed directly by the importer country r without any further re-export
(i.e. the ‘directly absorbed value-added in exports’, or DAVAXsr):11

DAVAXsr = Vs(I−Ass)−1Ysr + Vs(I−Ass)−1Asr(I−Arr)−1Yrr (20)

Measuring Global Value Chains related trade

The DAVAX is a measure of what is produced entirely at home and consumed
abroad (Vs(I−Ass)−1Ysr), and of the intermediate inputs that are (entirely) pro-
duced at home and used by the importing country to produce the final goods for
its internal market (Vs(I − Ass)−1Asr(I − Arr)−1Yrr). In this sense it identifies
the ‘traditional’ type of trade/production as opposed to the international shipments
that take place under the global sharing of production (‘GVC-related trade’). In

10We present some specific classification of the value-added embedded in bilateral trade flows
(e.g. according to whether it originates at home or abroad, or according to whether it is finally
absorbed domestically or in another country). In fact, through the selection of some particular
subcomponent from equations (16) and (17), it is possible to isolate any specific country of
origin (s and t) and market of final absorption (r, j and l); in addition, we could also identify the
countries of re-export (j) and those where final products are completed (s, r and k).

11This indicator can be computed only in a source-based approach and differs from the sum
of the first two terms in the Koopman et al. (2014) decomposition, even when summing across
all the bilateral destinations. Indeed, although Koopman et al. (2014) refer to these terms as
‘exports absorbed by direct importers’. In Section 5.2 we show that these subcomponents are not
correctly identified in their decomposition.
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other words the ‘GVC-related trade’ includes all the traded items that cross at
least two international borders, i.e. that are re-exported at least once before being
absorbed in final demand. This can be considered as a sufficient condition for an
exported good to be part of an international production network.

In a bilateral trade flow the ‘GVC-related trade’ can be measured simply
by excluding from country s’s gross exports the domestic value-added absorbed
directly by its importer (DAV AXsr):

GVCXsr = uN Esr −DAVAXsr. (21)

Therefore, the GVC share in bilateral exports is

GVCsr = GVCXsr

uN Esr
, (22)

which can be computed for the exporting country s as a whole:

GVCs =
∑G

r 6=s GVCXsr

uN Es∗
, (23)

or even at world level:

GVCworld =
∑G

s

∑G
r 6=s GVCXsr∑G
s (uN Es∗)

. (24)

The GVC-related trade indicator proposed here above is not the first mea-
sure based on ICIO tables that has been developed to gauge the relevance of GVCs
in international shipments. Following the seminal article of Hummels et al. (2001),
various measures of the integration of a country (or a region) in international pro-
duction networks have been proposed (Johnson and Noguera, 2012; Rahman and
Zhao, 2013; Los et al., 2018). The ‘vertical specialization’ index (VS) of Hummels
et al. (2001) is probably one of the first and most popular of these measures. How-
ever, as pointed out by the authors themselves, this is only a partial measure of
participation in global value chains, since it only considers the backward linkages
(i.e. it measures the import content of a country’s exports, see equation (1)). In
order to take forward linkages into account, Hummels et al. (2001) also suggest
considering the exports of intermediate products that later are further processed
and re-exported (they label it VS1). However, they do not propose a precise for-
mulation of this measure, since it can be implemented only in a fully-fledged ICIO
framework that was not available at the time of wroting.
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By exploiting the bilateral source-based decomposition presented here above,
we can provide a precise measure of the share of exports related to ‘forward’ supply
linkages (GVCforward or VS1 in Hummels et al., 2001 nomenclature), which can
be computed as the difference between DVAsource and DAVAX. Then, the overall
GVC indicator of equation (22) can be decomposed in a ‘backward’ component,
corresponding to the VS Index (see proof in Appendix C) and ‘forward’ component,
which can be considered the first correct implementation of the VS1 indicator
suggested by Hummels et al. (2001):

GVCsr = GVCbackwardsr︸ ︷︷ ︸
VSsr

+ GVCforwardsr︸ ︷︷ ︸
VS1sr

(25)

where

GVCbackwardsr =
Vs(I−Ass)−1

G∑
j 6=s

AsjBjsEsr +
G∑

t6=s
VtBtsEsr

uN Esr
(26)

and

GVCforwardsr =
Vs(I−Ass)−1Asr(I−Arr)−1(

G∑
j 6=r

Yrj +
G∑

j 6=r
Arj

G∑
k

G∑
l 6=s

BjkYkl)

uN Esr
. (27)

As for the overall indicator of ‘GVC-related trade’, its subcomponents can
also be computed for the total exports of a country s (or even at world level).

Notably, GVCforwards differs from the version of the VS1s Index pro-
posed by Koopman et al. (2014), since they compute it by aggregating the content
of country’s production embedded in other countries’ exports (i.e. Vs

∑
r 6=s BsrEr∗).

While the GVCforward index is a portion of country s’s exports (like VS), this
does not necessarily hold true for the measure proposed by Koopman et al. (2014).
Suppose, for instance, that a certain intermediate component exported by coun-
try s’s later undergoes other processing phases in different countries; the original
component will be double-counted several times in the summation of country s’
content in other countries exports. The discrepancy between the original value of
goods exported by s and the related amount that enters in Koopman et al. (2014)
indicator increases with the relative ‘upstreamness’ of country s’s productions. This
is a feature that refers to the relative positioning of a country in GVCs and that
has been specifically addressed in the literature through proper tools.12 Moreover,
this positioning does not directly influence the VS indicator which is commonly

12Indicators of relative upstreamness/downstreamness in GVCs has been proposed by Fally,
2012; Antras et al., 2012; Antras and Chor 2013; Wang et al. 2016.
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used as the ‘backward’-participation counterpart of the VS1 indicator proposed by
Koopman et al. (2014).13 Conversely, the GVCforward of equation (27) measures
the share of country’s exports related to forward GVC linkages in a way that is
consistent with how the GVCbackward (i.e. VS) measures the portion that is
related to backward GVC connections.

Finally, other studies have measured the ‘forward’ GVC participation of a
country by considering the components of exports that are later re-exported by
the direct importer, as we propose here (see, among others, Rahman and Zhao,
2013; Cappariello and Felettigh, 2014; Ahmed et al., 2017; Altomonte et al. 2018).
However, these contributions rely on the decomposition of gross exports of Koopman
et al. (2014) or, alternatively, on that of Wang et al. (2013). The problem, discussed
in more detail in Section 5.2, is that these methodologies do not properly allocate
countries’ exports between the share that is directly absorbed by the importers and
the one that is re-exported abroad. The resulting measures of GVC participation
are also imprecise.

3.2 Sink-based breakdown

While the source-based approach discussed above is most suited to examining the
production linkages, the sink-based approach is the most appropriate one when the
focus is on final demand and how it is the related to the total value-added produced
in a country. The reason is that in the sink-based decomposition a given item is
accounted for as ‘value-added’ the last time it leaves national borders, and, in the
case of multiple crossing, it is considered ‘double counted’ in prior shipments. Re-
considering, for instance, the illustrative example of Figure 3, the whole value-added
generated in phase 1 and 2 is accounted for as such in the last shipment from country
s (i.e. in shipment 2), whereas the value of shipment 1 is entirely attributed to the
double counted term. Then, in order to single out the ‘value-added’ components in
a sink-based framework, it is necessary to isolate the portion of ultimate shipments
within a certain bilateral trade flow. These ‘ultimate exports’ (E(

/s−→Y∗)
sr ) are made

up of final goods (Ysr) and of intermediate goods that do not re-enter country s’s

exports, before reaching the ultimate destination (AsrX(
/s−→Y∗)

j ). Since the latter
are commensurate with final goods as concerns the exporting country s, the overall

13The VSs Index does not vary with the number of borders crossed by a certain item before
being imported by country s. In other words, the relative ‘downstreamness’ of country s does not
influence the VSs indicator in the same way as its relative ‘upstreamness’ influences the VS1s

indicator in the formulation of Koopman et al. (2014).
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value-added can be computed by pre-multiplying the vector of ‘ultimate exports’ by
the VB matrix. In other words, once the part of ‘ultimate exports’ is singled out,
the value-added in exports can be computed in the same way as how the VBY ma-
trix is used to measure the total value-added in final demand (see Appendix A). In
particular, the global Leontief inverse matrix B takes into account all the upstream
production stages, as required by the sink-based approach. Conceptually, assuming
that we can split the bilateral exports between ultimate shipments (E(

/s−→Y∗)
sr ) and

exports of intermediates that later on will be re-exported by s itself (E(→Es∗)
sr ), the

essential value-added breakdown of bilateral exports in a sink-based framework can
be expressed as follows:

uN Esr =

domestic
content (DCsr)︷ ︸︸ ︷

VsBssE(
/s−→Y∗)

sr︸ ︷︷ ︸
domestic value

added (DVAsinksr)

+ VsBssE(→Es∗)
sr︸ ︷︷ ︸

domestic double
counted (DDCsinksr)

+

foreign
content (FCsr)︷ ︸︸ ︷

G∑
t 6=s

VtBtsE(
/s−→Y∗)

sr︸ ︷︷ ︸
foreign value

added (FVAsinksr)

+
G∑

t6=s

VtBtsE(→Es∗)
sr︸ ︷︷ ︸

foreign double
counted (FDCsinksr)

.

(28)

In order to make the breakdown in equation (28) operational, we have to
identify the ‘ultimate shipping’. We then proceed by disentangling the bilateral flow
Esr, as we did for the source-based approach to identify the downstream linkages
with final demand. By making use of relations in equations (12)-(14), we can express
the bilateral exports as follows:

Esr = Ysr + Asr(I−Arr)−1Yrr + Asr(I−Arr)−1
G∑

j 6=r

Yrj + Asr(I−Arr)−1
G∑

j 6=r

ArjXj .

(29)

The first three terms in the right-hand side of equation (29) are clearly part
of the ‘ultimate shipment’ of country s, since the value-added reaches the final
demand without any re-shipment from s. At this point, we need to define the part
of country j output that passes through country s’ export borders (X(→Es∗)

j ) and

the part that reaches the final demand without any re-shipment from s (X(
/s−→Y∗)

j ).
The problem is very similar to the one we faced in the source-based decomposition,
when we singled out the portion of exports that crossed country s’ export border
for the first time. Also in this case, the problem can be solved algebraically by
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recurring to the modified version of the Leontief inverse matrix that excludes the
intermediate export linkages from country s (B/s). In this way, we can take into
account all the possible patterns through which country j’s output reaches the final
demand, with the exception of those that involve a re-export from s. It is worth
noting that in this case country s’s exports of final good also have to be excluded.

In order to derive the required splitting of country j’s output, we can re-
express the general relationship of production and trade in our global I-O setting
(see A.1 in Appendix A) by separating the export flows from country s as follows:

X = A/sX + AsX + Y/s + Ys (30)

where As = (A − A/s), Y/s is the final demand matrix Y with the block matrix
corresponding to exports of final goods from s equal to 0 (but including domestic
final demand Yss), and Ys is simply equal to (Y − Y/s). Given that the sum of
AsX and Ys is a GN×N matrix with the total exports from country s in the
corresponding block submatrix and zeros elsewhere (Es), we can re-arrange (30) as
follows:

X = B/sY/s + B/sEs (31)

where B/s ≡ (I −A/s)−1 is the Leontief inverse matrix derived from the new input
coefficient matrix A/s, which excludes the input requirement of other economies
from country s.14

By applying the new accounting relationship in (31), country j’s gross pro-
duction can be decomposed as:

Xj =
G∑

k 6=s

G∑
l

B/s
jkYkl + B/s

jsYss︸ ︷︷ ︸
X(

/s−→Y∗)
j

+ B/s
jsEs∗︸ ︷︷ ︸

X(→Es∗)
j

. (32)

The decomposition in equation (32) allows us to identify the part of country
j’s production that is not part of country s’s exports before reaching the ulti-

14Note that the domestic input coefficient matrix Ass is part of the A/s matrix in which only the
other Ast submatrices, with t 6= s, have all the elements equal to zero. This allows us to include
the goods that undergo a final processing stage in country s and are ultimately used there in the
domestic value-added of exports.
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mate destination(X(
/s−→Y∗)

j ), whereas the remaining component identifies the double
counted terms (X(→Es∗)

j ). By combining equations (28), (29) and (32) we can ex-
press the main terms of the sink-based breakdown of bilateral exports (i.e. the
domestic value-added, DVAsr, the foreign value-added, FVAsr, the domestic dou-
ble counted, DDCsr, and the foreign double counted, FDCsr)

DVAsinksr = VsBss

Ysr + Asr(I−Arr)−1Yrr + Asr(I−Arr)−1
G∑

j 6=r

Yrj

+ Asr(I−Arr)−1
G∑

j 6=r

Arj

 G∑
k 6=s

G∑
l

B/s
jkYkl + B/s

jsYss


(33)

FVAsinksr =
G∑

t6=s

VtBts

Ysr + Asr(I−Arr)−1Yrr + Asr(I−Arr)−1
G∑

j 6=r

Yrj

+ Asr(I−Arr)−1
G∑

j 6=r

Arj

 G∑
k 6=s

G∑
l

B/s
jkYkl + B/s

jsYss

 (34)

DDCsinksr = VsBssAsr(I−Arr)−1
G∑

j 6=r

ArjB/s
jsEs∗ (35)

FDCsinksr =
G∑

t6=s

VtBtsAsr(I−Arr)−1
G∑

j 6=r

ArjB/s
jsEs∗. (36)

As in the case of the source-based decomposition, equations (33) and (34)
can be used to isolate the value-added in exports for one or more of the highlighted
actors (i.e. the exporter, the importer, the origin of the value-added, the market
of re-export, the country of final completion and that of ultimate absorption). For
instance, also in this case we can distinguish between domestic value-added that is
finally absorbed at home (REFsr) or abroad (VAXsr):
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REFsinksr = VsBss

[
Asr(I−Arr)−1Yrs

+ Asr(I−Arr)−1
G∑

j 6=r

Arj

 G∑
k 6=s

G∑
l

B/s
jkYks + B/s

jsYss


(37)

VAXsinksr = VsBss

Ysr + Asr(I−Arr)−1Yrr + Asr(I−Arr)−1
G∑

j 6=r,s

Yrj

+ Asr(I−Arr)−1
G∑

j 6=r

Arj

G∑
k 6=s

G∑
l 6=s

B/s
jkYkl

 . (38)

A subcomponent of the VAXsinksr that may be economically interesting is
the domestic value-added that is finally absorbed by the importer country r itself:

VAXIMsr = VsBss

Ysr + Asr(I−Arr)−1Yrr + Asr(I−Arr)−1
G∑

j 6=r

Arj

G∑
k 6=s

B/s
jkYkr

 .

(39)

The VAXIMsr includes the value-added that is produced in s and absorbed
in r and that enters also in the bilateral exports between the two country. The
measure can be used for instance in the analysis of bilateral trade balances to
assess how reciprocal final demands contribute to activate bilateral exports and
productions in the two countries.15 It can be easily shown that the DAVAXsr

measure developed within the source based approach is a subcomponent of the
VAXIMsr as it includes only the value-added produced in s and directly absorbed
in r, without any possible re-export (and re-import) by r.16

The source based measures and the sink based ones can be used in differ-
ent contexts to address different issues. Nevertheless, it is important to reaffirm

15The VAXIMsr indicator, as any other measure based on a country-level perspective can
be summed across bilateral importing partners to get an aggregate indicator for the exporting
country s. Then, the VAXIMsr can be particularly useful, for instance, when we are interested
in decomposing the overall trade balance of a country by its bilateral positions. When the analysis
focuses exclusively on a given bilateral relation it might be more appropriate to resort to the
approach presented in Section 4.1.

16Neither the VAXIMsr, nor the DAVAXsr correspond to what Koopman et al. (2014)
define as the ‘exports absorbed by direct importers’. Indeed, as we show in Section 5, these
subcomponents are not correctly identified in Koopman et al. (2014) decomposition.
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that i) at bilateral level, the domestic and foreign contents are the same in the two
breakdowns;17 ii) the ‘value-added’ and ‘double counted’ terms of the two decom-
positions differ only at bilateral level and when summing across the destinations
of a given exporter we obtain exactly the same results (i.e. see Appendix C for a
formal proof).18 This property does not apply to other value-added decompositions
of trade that have been presented in the literature and, as far as the value-added
originated abroad is concened, this feature stems from the specific notions of ‘foreign
value-added’ and ‘foreign double counted’ we adopted.19

3.3 Sectoral breakdown

The bilateral decompositions presented above can be easily extended to consider
the sectoral dimension.20 It is worth recalling that here we do not change the
perimeter according to which double counting is defined which is represented by
the exporter’s borders as a whole. Thus, an item that is first exported by a certain
sector and then re-exported by a different sector is accounted for as ‘value-added’
on one occasion and as ‘double counted’ on another.21 By keeping this country
level perspective, we preserve the additivity of value-added components (i.e. the
sum across all sectors and all bilateral partners yields to the total GDP embedded
in a country’s exports).22

Here we focus on three different sectoral breakdowns: i) by sector of origin
of the value-added, either domestic or foreign, ii) by sector of exports (the only one
considered in the work of Wang et al., 2013) and iii) by sector of final absorption.

To get a decomposition by sectors of origin, it is necessary to substitute in
all the indicators of Sections 3.1 and 3.2 the 1×N vector Vj (j = s, t) with its

17In both the decompositions the domestic content of exports (i.e. the sum of the domestic
value-added and the domestic double counted) corresponds to the ones defined by Koopman et
al. (2008)

18More specifically all the following equivalences hold true:
∑G

r 6=s DVAsourcesr =∑G
r 6=s DVAsinksr,

∑G
r 6=s FVAsourcesr =

∑G
r 6=s FVAsinksr,

∑G
r 6=s VAXsourcesr =∑G

r 6=s VAXsinksr

∑G
r 6=s REFsourcesr =

∑G
r 6=s REFsinksr.

19See Section 5.1 for more detailed discussion on this issue.
20See also Borin and Mancini (2016) on this point.
21Depending on the choice between the source and the sink based decomposition, the ‘value-

added’ is attributed to a certain export flow or to another.
22In Section 4 we present a decomposition based on a pure sectoral-bilateral perspective which

means that a certain item is considered as double counted only when it is exported multiple times
to the same partner within the same sector. In this framework, the additivity property does not
hold, but these alternative measures may be very useful when addressing some specific issues such
as trade policy analysis.
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diagonalized form V̂j (i.e. the N×N diagonal matrix with the direct value-added
coefficients along the principal diagonal and zeros elsewhere):

V̂j ≡


vj,1 0 · · · 0
0 vj,2 · · · 0
... ... . . . ...
0 0 · · · vj,N

 .

Similarly, the decomposition by sectors of exports is obtained by substituting
vectors VjBjs and VjB/s

ts in equations (10) and (28) (and the following ones) with
their N×N diagonalized forms, V̂jBjs and V̂jBjs:

V̂jBjs ≡



∑N
n vj,nbjs,n1 0 · · · 0

0
∑N

n vj,nbjs,n2 · · · 0
... ... . . . ...
0 0 · · ·

∑N
n vj,nbjs,nN

 .

Finally the decomposition by sectors of final absorption is obtained by replac-
ing the vector of final demand with its diagonalized form. For instance, for goods
completed in country k and absorbed in country l, the N×N diagonal matrix of
final demand is as follows:

Ŷkl ≡


ykl,1 0 · · · 0

0 ykl,2 · · · 0
... ... . . . ...
0 0 · · · ykl,N .



Depending on the specific empirical application, it will be possible to choose
the most suited bilateral sectoral decomposition. For instance, if the focus is on the
origin of production, the natural choice is to extend a source-based decomposition
with a breakdown by sector of origin.

The different sectoral breakdown can also be combined. For instance, in
order to measure simultaneously the value-added embedded in a bilateral trade
flow in a specific sector of origin destined for a particular sector of absorption, we
can use V̂j and Ŷkl at the same time.
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4 Decompositions of bilateral trade based on dif-
ferent perspectives

4.1 Bilateral level perspective

The country level perspective considered so far ensures that each component of
domestic - or foreign - value-added corresponds to mutually exclusive portions of
the GDP produced by a country and embedded in its own - or in another country’s
- exports. This approach can be useful when addressing several different empirical
questions and we also showed that it is at the bottom of some key indicators of
GVC participation (see Section 3.1). However, there are other potential issues that
requires an accounting framework based on a different perspective. For instance,
this occurs when we want to measure the GDP of a country which, at any point
in time, passes through a certain bilateral trade flow. Suppose, for example, that
there is a deterioration in the trade relationships between country s and country r;
in this case we might be interested in measuring the total value-added that crosses
this specific bilateral border, regardless of whether the same components are also
part of the exports of s (or r) to other countries or not(i.e. they are double counted
items in a country level perspective).

In order to address this problem, we need an accounting method for value-
added in bilateral exports that exclude from gross trade figures only the items that
are double counted in the very same bilateral flow. In other words, the specific
bilateral relation represents the new perimeter to define double counted flows in
gross exports.

By proceeding as for the derivation of the source-based decomposition (see
Section 3.1), we can modify the input coefficient matrix A to split the produc-
tion process along the new perimeter and single out the ‘value-added’ and ‘double
counted’ items. While in the country level perspective we set to zero the coefficients
that identify the direct requirement of intermediate inputs from country s to all the
other countries, here we only set to zero the bilateral coefficient matrix Asr:

A�sr =



A11 · · · A1s · · · A1r · · · A1G

... ... ... ... ... ... ...
As1 · · · Ass · · · 0 · · · AsG

... ... ... ... ... ... ...
AG1 · · · AGs · · · AGr · · · AGG


. (40)
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Then, the corresponding inverse Leontief matrix can be defined as:

B�sr = (I−A�sr )−1 (41)

The submatrix B��sr
is measures the gross output produced by i to deliver one

unit of production to s, with the exclusion of the production linkages that pass
through the bilateral flow s-r; in this way all the production stages that antecede
the export from s to r are taken into account. It is also easy to show that the
following relationship holds true:

B�sr
is = B�sr

is + B�sr
is AsrBrs. (42)

By analogy with the derivation of the source-based decomposition in (10),
we can express the complete decomposition of bilateral exports based on a pure
bilateral perspective:

uN Esr =

domestic
content (DCsr)︷ ︸︸ ︷

VsB�sr
ss Esr︸ ︷︷ ︸

bilateral
perspective

DVA∗sr

+ VsB�sr
ss AsrBrsEsr︸ ︷︷ ︸
bilateral

perspective
DDC∗sr

+

foreign
content (FCsr)︷ ︸︸ ︷

G∑
t 6=s

VtB�sr
ts Esr︸ ︷︷ ︸

bilateral
perspective

FVA∗sr

+
G∑

t6=s

VtB�sr
ts AsrBrsEsr︸ ︷︷ ︸
bilateral

perspective
FDC∗sr

(43)

The measures of ‘domestic value-added’ and ‘foreign value-added’ in (43)
correspond to those proposed by Johnson (2018) in a two-country context; the
same measure of ‘domestic value-added’ in bilateral exports is also obtained by Los
et al. (2016) by using a hypothetical extraction procedure (see Table 2 in Appendix
E for a classification of the main measures proposed in the literature according to
the framework proposed in this paper).

The components in equation (43) are uniquely defined for a certain bilateral
flow s-r, due to the fact that the perimeter for the definition of double counted items
is the bilateral relationship itself. It might be also interesting to consider how they
are related to the terms in the bilateral decompositions based on a country level per-
spective presented in Section 3. First, since the breakdown in equation (43) hinges
on a less restrictive notion of ‘double counting’ as compared to the country level
perspective, both the sink and source measures of domestic and foreign value-added
are part of the corresponding terms derived in the bilateral perspective decomposi-
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tion (i.e. DVAsourcesr ⊂ DVA∗sr, FVAsourcesr ⊂ FVA∗sr; DVAsinksr ⊂ DVA∗sr,
FVAsinksr ⊂ FVA∗sr ). We can then break down the double counted terms of the
decompositions based on a country level perspective in order to single out the sub-
component that are classified differently according to the perspective adopted. For
instance, if we consider the domestic double-counted component (DDCsr), we can
re-express the original indicators as follows:

DDCsourcesr = VsB/s
ss

∑
j 6=s,r

AsjB�sr
js Esr︸ ︷︷ ︸

DVA∗(DDCsource)
sr

+DDC∗sr (44)

DDCsinksr = VsBssAsrB�s
rs

G∑
i 6=s,r

Ysi + AsiB�sr
is

G∑
l 6=r

Ysl + Asi

G∑
k 6=s

G∑
l

B�sr
ik Ykl


︸ ︷︷ ︸

DVA∗(DDCsink)
sr

+DDC∗sr,

(45)
where DVA∗(DDCsource)

sr and DVA∗(DDCsink)
sr are the components that are classified

as ‘double counted’ respectively in the source and sink decompositions based on a
country-level perspective, but are classified as ‘domestic value-added’ in a purely
bilateral perspective. How these components should be considered depends on the
specific economic issue under investigation. It is also worth noting that the following
relationship holds true:

DVA∗sr = DVAsourcesr + DVA∗(DDCsource)
sr = DVAsinksr + DVA∗(DDCsink)

sr . (46)

Clearly the derivation of equations (44)-(46) can also be applied to single
out the differences between the foreign value added in a bilateral level perspec-
tive (FVA∗sr) and those defined in a country level perspective (FVAsourcesr and
FVAsinksr).

By following the same scheme in Section 3.1, equation (43) can be further
developed to consider all the forward production linkages, as well as the countries of
completion and the markets of final absorption. We can also extend the breakdown
to take into account the sectors of original production of the value-added and those
of ultimate absorption (see Section 3.3). Conversely, the decomposition by sector
of export is not univocal even in the bilateral level perspective and will change
depending on whether a source-based or a sink-based approach is used. However,
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in this context we do not consider this type of breakdown particularly meaningful
from an economic point of view. In fact it is more useful to analyze the case in
which a specific exporting sector, within a bilateral relationship, is the focus of the
analysis.

4.2 Sectoral-bilateral level perspective

An issue that seems particularly relevant to empirical analysis is to measure the
value-added of a country that enters in the exports between two countries in a
specific sector. For instance, trade policies are often applied by the importing
country on the basis of a particular exporting partner and sector (or product) of
export. In order to assess how this type of policy affects the GDP produced in a
particular country we need an accounting framework for the value-added in which
the single sectoral-bilateral flow is the new perimeter used to define the value-added
accounting of exports.

By proceeding in the same way as the other decompositions, we can define
a modified version of the input requirement matrix in which all the coefficients
corresponding to the intermediate exports from s to r in (exporting) sector n are
set to zero:

A��sr,n =



a11,11 · · · a1r,11 · · · a1r,1n · · · a1r,1N · · · a1G,1N

... ... ... ... ... ... ... ... ...
as1,11 · · · asr,11 · · · asr,1n · · · asr,1N · · · asG,1N

... ... ... ... ... ... ... ... ...
as1,n1 · · · 0 · · · 0 · · · 0 · · · asG,nN

... ... ... ... ... ... ... ... ...
aG1,N1 · · · aGr,N1 · · · aGr,Nn · · · aGr,NN · · · aGG,NN


. (47)

The corresponding inverse Leontief matrix is defined as:

B��sr,n = (I−A��sr,n )−1. (48)

As in previous cases we can obtain a breakdown of exports from a sectoral-
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bilateral perspective:

esr,n =

domestic
content (DCsr)︷ ︸︸ ︷

VsB��sr,n
ss Esr,n︸ ︷︷ ︸

sectoral-bilateral
perspective

DVA§sr

+ VsB��sr,n
ss AsrBrsEsr,n︸ ︷︷ ︸
sectoral-bilateral

perspective
DDC§sr

+

foreign
content (FCsr)︷ ︸︸ ︷

G∑
t6=s

VtB��sr,n
ts Esr,n︸ ︷︷ ︸

bilateral
perspective

FVA§sr

+
G∑

t6=s

VtB��sr,n
ts AsrBrsEsr,n︸ ︷︷ ︸
bilateral

perspective
FDC§sr

,

(49)
where Esr,n is a N×1 vector with the scalar corresponding to the gross exports from
s to r in position n (i.e. esr,n) and zeros elsewhere.

Here the definition of double counted items is even less restrictive than in
the bilateral perspective case, which means that the DVA∗sr and the FVA∗sr are
smaller than the sum of the value-added terms in equation (49) across the different
exporting sectors. Notably, this sum does not have an economically meaningful
interpretation, due to double counted items.

Finally, we can also consider the forward production-demand linkages up to
the market of final destination and also a breakdown by sector of origin/destination
as described in section 3.3.

5 Comparison with other methodologies

In previous sections we point out how some of the measures we propose relate to
other contributions in the literature. For instance, we show that the VS indicator
proposed by Hummels et al. (2001) and the VAX index by Johnson and Noguera
(2012) correspond to specific subcomponents of the country-perspective breakdowns
in Section 3. Similarly, we recall that the decomposition based on a bilateral-
perspective of Section 4.1 shares the same rationale as the measure of domestic
value-added proposed by Los et al. (2016) and the breakdown of bilateral exports
developed by Johnson (2018) in a two-country framework.

In this section we discuss in more detail the relationship with other measures
of value-added in gross exports proposed in the literature. Table 1 in Appendix E
summarizes the different measures proposed in this paper, whereas Table 2 classifies
the other contributions according to the different perspectives and approach they
adopt. Although these measures can be attributed to one specific case of the general
scheme we propose, in most of the cases there is not a perfect correspondence
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with the methodologies presented in this paper. The reason for this is that some
contributions present specific conceptual drawbacks which we will discuss in detail
further on in the section.

5.1 The breakdown of the foreign content of exports

We begin with discussing in more detail the relationship with other methodologies
by considering the breakdown of the foreign content of exports since our approach
differs from most of the other contributions in that respect. In the next para-
graph we deal with other aspects that are more specific to each alternative measure
proposed in the literature.

As already mentioned, the breakdowns proposed in Section 3 use a notion
of ‘foreign double counted’ (FDC) that shares the same rationale as the ‘domestic
double counted’: we only include the items that cross the same (i.e. the exporter’s)
border more than once in the FDC. In other words, we use a ‘country level perspec-
tive’ both for the accounting of domestic and foreign content of exports.

Other methodologies, which also use a country level perspective for the do-
mestic component, take a different approach for the foreign content of exports:23 a
certain item is considered as value-added only the first (or the last) time it crosses
a foreign border, whereas all the other times it crosses any foreign border it is clas-
sified as double counted. We can label this approach a ‘world level perspective’,
since all trade flows - not only the exports of a single country - are considered in
order to single out the items that are exported multiple times. In other words, with
the ‘country level perspective’ a certain item is accounted for as FVA only once in
the total exports of a country, whereas the ‘country level perspective’ requires it to
be accounted for as FVA only once in total world exports.

In order to better appreciate the difference between the two approaches, it
seems useful to re-express the decompositions of the foreign content of export ac-
cording to a ‘world level perspective’. The distinction between the source-based
approach and the sink-based one applies also in this case. The source-based ap-
proach requires a certain item to be recorded as ‘foreign value-added’ the first time
it is re-exported by a country that is not the country of origin and it is the one
followed by Miroudot and Ye (2018). Here we also consider the country of final
completion and the market of final destination:

23The following contributions fit into this category: Koopman et al. (2014), Wang et al. (2013),
Nagengast and Sterher (2016), Miroudot and Ye (2018).
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FVAsourceW P
sr =

G∑
t 6=s

Vt(I−Att)−1Ats(I−Ass)−1
[
Ysr + Asr(I−Arr)−1Yrr

+ Asr(I−Arr)−1
G∑

j 6=r

Yrj + Asr(I−Arr)−1
G∑

j 6=r

Arj

G∑
k

G∑
l

BjkYkl


(50)

FDCsourceW P
sr =

G∑
t6=s

Vt(I−Att)−1

 G∑
j 6=t,s

AtjBjsEsr + Ats(I−Ass)
G∑

t6=s

AstBtsEsr

 .

(51)

The foreign content of exports can also be decomposed using a sink-based
approach, while maintaining a ‘world level perspective’. In this case a given item
is accounted for as ‘foreign value-added’ the last time it is exported by a country
that is not the country of the origin. This logic is also followed by Koopman et
al. (2014), however, this part of their decomposition is affected by some specific
drawbacks that we will discuss in more detail in the following paragraph. The
value-added and double-counted components of the foreign content of exports in a
world-perspective/sink-based approach can be expressed as follows:

FVAsinkW P
sr =

G∑
t6=s

VtBtsYsr +
G∑

t 6=s

VtBtsAsr(I−Arr)−1Yrr

+ VrBrsAsr(I−Arr)−1
[

G∑
j 6=r

Yrj +
G∑

j 6=r

Arj(I−Ajj)−1Yjj

]
(52)

FDCsinkW P
sr =

G∑
t6=s,r

VtBtsAsr(I−Arr)−1Er∗

+ VrBrsAsr(I−Arr)−1
G∑

j 6=r

Arj(I−Ajj)−1Ej∗ (53)

If we consider an exporter s and we sum across the bilateral destinations
r the FVA and FDC indicators in equations (50)-(53) we obtain different values
for the FVA and the FDC. Indeed, whenever the first re-exporting country does
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not coincide with the last one, the source-based indicators of foreign content and
the sink-based ones differ when computed at the level of the exporting country.
However, both approaches record a given item as FVA only once in world trade
flows. This means that when aggregating at the world level the components in
equations (50)-(53) (i.e. summing across all the exporters and the importers) we
obtain exactly the same measures of FVA and FDC.

Conversely the source and sink decompositions of the foreign content of ex-
ports based on a ‘country level perspective’ are completely consistent with each
other when we sum across all destination markets (i.e. considering equations (17)
and (34),

G∑
r 6=s

FVAsinksr =
G∑

r 6=s
FVAsourcesr). Thus the country level approach

leads to a unique measure of FVA (and FDC) at the country level.

The decompositions based on a ‘world level perspective’ can be used to ad-
dress important questions regarding the breakdown of total world trade. For in-
stance, we can measure the share of world GDP that enters in the exports of some
other country. However, these measures seem particularly unsatisfactory when an-
alyzing the exports of a given country. Indeed, in the breakdown of a country’s
exports, this distinction between FVA and FDC turns out to be totally arbitrary.
Consider the following example: China imports intermediates directly from Ger-
many and indirectly from France; according to a world-perspective source-based
approach, the German VA is considered as FVA in Chinese exports, whereas the
French VA is classified as FDC, even if the two components contribute in a very
similar way to the value embedded in Chinese exports.24

From the perspective of the exporting country, we are usually interested in
measuring the share of exports that can be traced back to the domestic and foreign
GDP, irrespective of the number of upstream or downstream production stages
that separate the exporter from the country of origin and/or the market of final
destination. Indeed the ‘foreign value-added’ indicators based on a ‘country level
perspective’ addresses the following questions: which part of a country’s exports
can be traced back to another country’s GDP? Alternatively, what is the portion
of a country’s GDP that is embedded into the exports of a certain other country
or of a certain bilateral flow? These questions might be particularly relevant from
a policy point of view, for instance when discussing the impact of a trade policy on
third countries’ productions.

In principle, the FVA calculated according to the world level perspective can
24Likewise the sink-based classification produces arbitrary allocations too.
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be used to address the following question: ‘what part of country s’s GDP enters
other countries’ exports?’. In particular it can be computed through equation (50)
(or in (52)) by tracking a specific country of origin of the value-added t in the
exports of all the other exporting countries s 6= t toward all the bilateral partners r.
However, the same question can be addressed directly in the country-level source-
based framework by subtracting the component of direct absorption from the total
DVA of the exporting country itself (i.e. ∑G

r 6=s DVAsourcesr −
∑G

r 6=s DAVAXsr,
see equations (16) and (20)). Notably, this is the numerator of the GVCforward

indicator of equation (27) computed for the total exports of a country (i.e. summed
across bilateral importers).

Finally, it is worth noting that at world level all the FVA components are
also recorded as DVA in the flows of other countries, meaning that they are already
double counted GDP in exports. Claiming that a certain item should be recorded
as FVA only once in world trade flows in order to avoid double counting of the same
production in trade is therefore questionable.

5.2 Critical aspects in other methodologies

Different approaches and perspectives can be used in the value-added accounting of
gross exports, the choice depending on the specific phenomenon under investigation.
However, it does not mean that any alternative accounting decomposition can be
considered completely correct or sound from an economic point of view. First
of all, each component should measure precisely what it is supposed to measure.
Then, since each approach is suited to gauging a certain phenomenon properly,
every decomposition of trade flows should maintain an internal consistency (i.e.
each component should be consistent with the specific approach adopted). Falling
short of one of these requirements leads to inaccurate measures and/or impairs the
possibility to answer a particular question accurately.

Here we discuss some critical aspects of other accounting frameworks based
on a ‘country level perspective’, by comparing them with the decompositions pre-
sented in Section 3. We first consider Koopman et al. (2014) and then extend the
analyses to other contributions. To make the discussion clearer in equation (D.2)
in Appendix D, we re-write our bilateral breakdown so that the components match
directly those proposed in Koopman et al. (2014) (see equation (D.1) in Appendix
D).25 Notably, for the domestic content we consider our bilateral sink-based de-

25Equation (D.2) is derived by extending in a very intuitive way our bilateral sink-based de-
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composition presented in Section 3.2, since the original expressions proposed by
Koopman et al. (2014) resemble this approach more closely.26 By the same to-
ken, in equation (D.2) the decomposition of the foreign content of exports follows
the sink-based-world-level perspective of equations (52) and (53) so that the whole
decomposition is conceptually consistent with Koopman et al. (2014).

Despite the algebraic consistency between the two classifications, there are
few discrepancies due to two main criticisms that affect the breakdown by Koompan
et al. (2014):27 i) their classification does not properly allocate the domestic value-
added in exports between the part eventually absorbed by direct importers and the
part absorbed in third markets;28 ii) a portion of the foreign content of exports
is erroneously classified as ‘double counted’ whereas it should be allocated to the
‘foreign value-added’.

The first issue arises from the fact that the bilateral dimension of trade flows
is generally overlooked in Koopman et al, (2014). More specifically they calculate
the ‘domestic value-added in intermediate exports absorbed by direct importers’
as: Vs

∑G
r 6=s BsrYrr; they also claim that the ‘domestic value-added in intermediate

goods re-exported to third countries’ is given by: Vs
∑G

r 6=s

∑G
t6=s,r BsrYrt. In fact,

both the expressions refer to the domestic value-added absorbed in any foreign
market; the difference between the two components is that, in the first case, final
goods are completed and consumed in the same country whereas in the latter goods
are completed in a foreign country and absorbed in a different one. The problem
is that the global inverse Leontief matrix Bsr employed by Koopman et al. (2014)
does not trace a bilateral exporter-importer linkage.

The mismeasurement in Koopman et al. (2014) can be gauged more precisely
by considering the decomposition of bilateral exports in equation (D.2). Koopman
et al. (2014) allocate the second term of their decomposition to the bilateral im-
porters’ final demand; in actual fact, only sub-items 2a and 2b of equation (D.2)
can be defined as such (while sub-item 2c is not). Conversely, part of the third

composition presented in Section 3.2. The original Koopman et al. (2014) components can be
obtained as a simple summation over the importing countries r of the corresponding items of
equation (D.2) (e.g. the second term in Koopman et al. (2014) is equal to the sum across the r

destinations, Es∗ =
∑G

r 6=s Esr, of 2a+2b+2c).
26The terms in Koopman et al. (2014) can also be retrieved from the source-based decomposition

of Section 3.1, since the two bilateral breakdowns yield to the same results when considering the
aggregate exports of a country (see Borin and Mancini, 2017).

27The differences between our results and those in Koopman et al. (2014) emerge by comparing
the definitions of the items reported below equation (D.2) with those originally assigned by
Koopman et al., (2014) and quoted below equation (D.1).

28See also Nagengast and Sterher (2016) on the same point.
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term (3c) should also be classified as ‘direct importers’ final absorption’, instead of
third countries’ one.

Measuring the value-added absorbed, directly and indirectly, by the import-
ing country could be relevant in various empirical issues, including an analysis of
bilateral trade balances (Nagengast and Steherer, 2016), evaluation of trade policies
(Cappariello et al. 2018) and assessment of countries’ involvement in global value
chains (see Section 3.3). To this end, the breakdowns of gross bilateral exports
presented in Section 3 single out - among other components - the total domes-
tic value-added absorbed by bilateral importers (VAXIM), and the part that is
directly absorbed by the importing country, without any other processing stage
abroad or at home (DAVAX). The latter is at the basis of the GVC indicators
proposed in Section 3.3. These measures cannot be obtained neither from the de-
composition by Koopman et al. (2014), nor from similar breakdowns of bilateral
exports proposed in the literature (e.g. Wang et al., 2013), as discussed in the final
part of this section.

The second critical aspect of Koopman et al.’s methodology regards the incor-
rect classification of part of the foreign value-added in exports. The problem is that
they classify the whole foreign content of country s’ exports that the importing coun-
try r re-exports abroad as ‘foreign double counted’ (i.e. ∑G

t6=s

∑G
r 6=s VtBtsAsr(I −

Arr)−1Er∗). In doing so, Koopman et al. (2014) fail to record as ‘foreign value-
added’ the items, originally generated in the importing country r, that r itself re-
exports to the market of final destination. The following example can better clarify
this point: the US produces components that are processed in Mexico, before being
sent back to the US and exported to the final market. Koopman et al. (2014) clas-
sify the US content in Mexican exports as ‘foreign double counted’, even if in the
very last shipment from the US these components are not part of the ‘foreign value-
added’, since they are included in the domestic content. The sink-based-world-level
perspective adopted by Koopman et al. (2014) for the foreign content of exports
envisages that a given item is classified as ‘foreign value-added’ only once in global
trade flows (i.e. the last time it is exported by a country other than the country of
origin). However, in Koopman at al. (2014) some items can be classified as ‘foreign
double counted’ even if they are never recorded as ‘foreign value-added’. The terms
9a and 9b in equation (D.2) quantify the amount that is misallocated which leads
to a systematic underestimation of the ‘foreign value-added’.

This criticism applies also to other decompositions that adopt the same
breakdown of the foreign content of exports. In particular this mismeasurement
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is also in the decomposition of bilateral exports proposed by Wang et al. (2013).
Another critical issue of this methodology is that it uses different approaches (sink
and source) at the same time to single out the different components, then it suffers
from internal inconsistency. This makes the different items not fully comparable
with each other and, in turn, could lead to inaccurate evaluations when comparing
the value-added structure of two (or more) distinct trade flows, as in the analysis
of bilateral trade balances.

Moreover, since a particular approach is appropriate to addressing a specific
issue, the decomposition proposed by Wang et al. (2013) is unsuited to measuring
some phenomena, or, in other cases, it does not provide the most precise measure
available. For instance, it is not possible to compute the DAVAX indicator or the
measures of GVC related trade in Section 3.3.29

Despite having first introduced the concepts of source-based and sink-based
approaches, not even Nagengast and Sterher (2016) propose fully fledged break-
downs according to these different logics. On a more general level, Nagengast and
Sterher (2016) focus on the value-added components that are produced and ab-
sorbed by the two bilateral partners in order to evaluate how these items contribute
to bilateral trade balances since this is the aim of their analysis. For the remain-
ing part of their decompositions, they do not employ a specific strategy to single
out value-added and double-counted terms. Instead, they just distinguish between
items that belong to the ‘domestic content of exports’ and items that are part of the
‘foreign content of exports’, by using expressions that resemble those in equation
(2).30 Nagengast and Sterher (2016) label these terms ‘value-added’ as well, instead
of ‘content’, which can lead to a misinterpretation of the results. For instance, their
definitions of the domestic value-added finally absorbed at home and in third coun-
tries produce an overestimation of the domestic value-added in exports, since double
counted components are also included.31

Neither methodology proposed by Nagengast and Sterher (2016) can be used
29Wang et al. (2013) do not identify the domestic value-added absorbed by the bilateral importer

as i- the DVA in exports of final goods is measured using a sink-based accounting (i.e. VsBssYsr);
ii- it does not single out the intermediate goods absorbed by the bilateral importer without
additional processing stages abroad. Indeed in a revised version of their work, Wang et al. (2018),
the authors themselves acknowledge this limitation and refer to our source-based decomposition,
presented here in section 3.1, to measure GVC-related trade.

30These components are computed in exactly the same way in the source-based breakdown and
sink-based one.

31For example in Nagengast and Sterher (2016) the domestic value-added absorbed in third
countries is calculated as VsBssAsrBrr

∑
j 6=s,r Yrj . The simultaneous application of the Bss

Leontief inverse matrix and the Brr one, lead to a double counting of the same value-added.
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to break up the whole domestic and foreign value-added exported by a country
across the different bilateral flows. However, this probably goes beyond the scope
of their analysis, which focuses on the value-added components that are produced
and absorbed by two bilateral partners. Since an important aspect in their study
is the role of final demand in generating bilateral trade balances, a sink-based
approach seems the most suited to this aim. As mentioned, the proper measure of
this component is given by the VAXIM of equation (39), which differs from the
measure proposed by Nagengast and Sterher (2016). In fact they only classify as
‘domestic value-added absorbed by direct importers’ what is embedded in goods
that do not leave this country again, assigning the remainder to the double counted
component. In this way, they do not take into account what we have classified
in the 2b and 3c components in equation (D.2), underestimating the domestic
value-added absorbed by direct importers.

6 Concluding remarks

The diffusion of international production networks over the last three decades calls
for new tools in order to evaluate supply and demand relationships between coun-
tries which can no longer be adequately gauged by gross trade flows. For this
reason, inter-country input-output tables and new methodologies that exploit these
data have been developed to measure trade in value-added terms and countries’
participation in GVCs. These tools have been extensively used in a large number
of applications. However, on the one hand, several empirical issues have been not
properly addressed so far; on the other hand, the emergence of different method-
ologies for the value-added accounting of trade flows has raised doubts as to the
correct way of measuring the phenomena.

In this paper we propose a general scheme for breaking down bilateral and
sectoral exports flows according to the source and the destination of their value-
added content. This framework can be differentiated according to alternative ap-
proaches and perspectives that are instrumental to addressing different empirical is-
sues. These different approaches are reflected in distinct ways to distinguish between
‘value-added’ and ‘double-counted’ terms in gross trade flows. Operationally, this
differentiation is obtained by changing the definition of the sectoral-geographical
perimeters according to which the items that cross these boundaries more than
once are classified as ‘double counted’. In particular, we consider three alternative
cases: in the first one, the boundaries are defined at the level of the exporting
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county, in the second one, at the level of a specific bilateral trade relation and in
the third one, at the level of a single exporting sector within a bilateral flow. We
argue that each one is conceptually suited to addressing a different class of empirical
issues. For instance, the country-level approach is the proper one when allocating
a country’s GDP across the different trade flows, whereas the bilateral perspective
is best suited to evaluating the extent to which the GDP of a country is involved
in the commercial interchange between two economies.

We show how the main methodologies proposed in other contributions fit into
this framework. Then, on the one hand, we reconcile a large part of the existing
literature under a unique comprehensive scheme; on the other hand, we show the
main shortcomings and limitations that affect some of the techniques that have
been proposed in the literature.

In general, the detailed breakdowns of bilateral/sectoral exports we present
find a broad scope for empirical investigations on global production networks both
at macro and micro level. Indeed, there is a fast expanding empirical literature that
uses tools similar to those proposed in this paper. Our contribution to this literature
is twofold: i) we extend the set of possible measures, including a new indicator of
GVC-related trade, in order to address a wider range of empirical issues; ii) we
improve the accuracy of some of the existing measures. These improvements are
likely to become increasingly relevant from a quantitative point of view since the
inter-country input-output data will become more and more detailed, eventually
relaxing some of the simplifying assumptions that characterize current databases
(de Gortari, 2018).

Finally, an aspect that is currently debated in the literature is how to mea-
sure the impact of trade policies on countries’ productions by taking all international
supply linkages into account. The ‘sectoral-bilateral’ perspective of value-added ac-
counting proposed in this paper offers a promising conceptual framework to address
this issue, since it provides a precise measurement of the GDP of a country that
is exposed to a trade policy implemented by any economy for a given sector and
a given trade partner. In this sense, this may represent a good starting point for
the development of a more refined measurement of the spillovers of trade policies
in global value chains using ICIO data.
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A Appendix: notation and basic I-O relations

This appendix simply recalls our notation, which is broadly the same as Koopman
et al. (2014), together with some basic accounting relationships.

We consider the general case of G countries producing N goods that are
internationally traded both as intermediate inputs and as final good. Thus, Xs =
(xs

1 xs
2 · · · xs

N)′ is the N × 1 vector of the gross output of country s and Ys is the
N×1 vector of final goods, which is equal to the final demand for goods produced in
s in each country of destination r: ∑G

r Ysr. To produce one unit of gross output of
good i a country uses a certain amount a of intermediate good j produced at home
or imported from other countries. Thus each unit of gross output can be either
consumed as a final good or used as an intermediate good at home or abroad:

Xs =
G∑
r

(AsrXr + Ysr)

where Asr is the N×N matrix of coefficients for intermediate inputs produced in s

and processed further in r:

Asr =


asr,11 asr,12 · · · asr,1N

asr,21 asr,22 · · · asr,2N

... ... . . . ...
asr,N1 asr,N2 · · · asr,NN .



Using the block matrix notation, the general setting of production and trade
with G countries and N goods can be expressed as follows:


X1

X2
...

XG


(NG×1)

=


A11 A12 · · · A1G

A21 A22 · · · A2G

... ... . . . ...
AG1 AG2 · · · AGG


(NG×NG)


X1

X2
...

XG


(NG×1)

+


Y11 Y12 · · · Y1G

Y21 Y22 · · · Y2G

... ... . . . ...
YG1 YG2 · · · YGG


(NG×G)


1
1
...
1


(G×1)

(A.1)

from which it is straightforward to derive the following relationship between gross
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output and final demand:


X1

X2
...

XG

 =


I−A11 −A12 · · · −A1G

−A21 I−A22 · · · −A2G

... ... . . . ...
−AG1 −AG2 · · · I−AGG



−1 

∑G
r Y1r∑G
r Y2r

...∑G
r Y1G



=


B11 B12 · · · B1N

B21 B22 · · · B2N

... ... . . . ...
BG1 BG2 · · · BGG





∑G
r Y1r∑G
r Y2r

...∑G
r Y1G

 (A.2)

where Bsr denotes the N×N block of the Leontief inverse matrix in a global IO
setting. It indicates how much of country’s s gross output of a certain good is
required to produce one unit of country r’s final production.

The direct value-added share in each unit of gross output produced by coun-
try s is equal to one minus the sum of the direct intermediate input share of all the
domestic and foreign suppliers:

Vs = uN (I−
G∑
r

Ars) (A.3)

where uN is the 1×N unit row vector. Thus the G×GN direct domestic value-added
matrix for all countries can be defined as:

V =


V1 0 · · · 0
0 V2 · · · 0
... ... . . . ...
0 0 · · · VG


while the overall G×GN value-added share matrix is obtained by multiplying the
V matrix by the Leontief inverse B:

VB =


V1B11 V1B12 · · · V1B1G

V2B21 V2B22 · · · V2B2G

... ... . . . ...
VGBG1 VGBG2 · · · VGBGG



Since the value-added shares of different countries in final goods have to sum
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to one the following property holds:

G∑
t

VtBtr = uN (A.4)

Defining the GN×G final demand matrix as:

Y =


Y11 Y12 · · · Y1G

Y21 Y22 · · · Y2G

... ... . . . ...
YG1 YG2 · · · YGG


we can derive the G×G value-added matrix by pairs of source-absorption countries:

VA ≡ VBY =

=


V1

∑G
r B1rYr1 V1

∑G
r B1rYr2 · · · V1

∑G
r B1rYrG

V2
∑G

r B2rYr2 V2
∑G

r B2rYr2 · · · V2
∑G

r B2rYrG

... ... . . . ...
VG

∑G
r BGrYrG VG

∑G
r BGrYrG · · · VG

∑G
r BGrYrG

 (A.5)
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B Appendix: useful equivalences in ICIO models

The following two equivalences are often used in ICIO modeling to put different
objects in relation to each other.

Considering the following property of inverse matrix B:

B(I−A) = (I−A)B = I

it is easily shown that the generic block diagonal element Bss may be expressed as
follows:

Bss =
G∑

t 6=s

BstAts(I−Ass)−1 + (I−Ass)−1 =

= (I−Ass)−1 + (I−Ass)−1
G∑

t 6=s

AstBts (B.1)

while the generic off-diagonal block element Brs corresponds to:

Brs =
G∑

t6=s

BrtAts(I−Ass)−1 =

= (I−Arr)−1
G∑

t6=r

ArtBts (B.2)

In deriving our bilateral decompositions we introduce a modified version of
the Leontief inverse matrix, B/s. Here we show some key relationships between the
elements of this matrix and those of the ‘traditional’ Leontief inverse matrix (B)
and the input requirement matrix (A).

First, we recall that B/s is obtained by setting equal to 0 the coefficients that
identify the requirement of inputs from country s in the A matrix (excepting only
the domestic input requirement matrix Ass). Thus the modified matrix of input
requirements can be expressed as follows:

A/s = A−As (B.3)

where As is the GN×GN matrix with the coefficients of intermediate inputs im-
ported from s in the corresponding sub-matrices and zero elsewhere. Since B/s is
the inverse of (I−A/s), the following relationships hold:

(I−A/s)B/s = B/s(I−A/s) = I (B.4)
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Substituting (B.3) into (B.4) we get:

(I−A)B/s + AsB/s = B/s(I−A) + B/sAs = I (B.5)

and multiplying both sides of (B.5) by B ≡ (I−A)−1 we obtain the following
equivalence:

B = B/s + BAsB/s = B/s + BAsB/s (B.6)

Then we focus on the off-diagonal block element Bsr that identifies the gross
output generated in s necessary to produce one unit of r final good. According to
equation (B.6) this sub-matrix can be expressed as follows:

Bsr = B/s
sr + Bss

∑
t6=s

AstB/s
tr (B.7)

where B/s
sr is equal to 0 for each r 6= s, since it corresponds to a summation of infinite

terms all equal to the null matrix. Therefore if we single out the B/s
rr element from

the final summation of the right-hand side of equation (B.7) we get:

Bsr = BssAsrB/s
rr + Bss

∑
t6=s,r

AstB/s
tr (B.8)

Then applying to the elements of matrix B/s the properties of B sub-matrices
illustrated in (B.1) and (B.2):

B/s
rr = (I−Arr)−1 + (I−Arr)−1 ∑

j 6=r

ArjB/s
jr (B.9)

B/s
tr = (I−Att)−1

G∑
j 6=t

AtjB/s
jr (B.10)
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C Appendix: proofs

Equivalence between the domestic value-added source-based and the
complement of the ‘import content of exports’ in Hummels et al. (2001)

This equivalence can be proved by showing that the numerator of the VSsr in-
dicator in equation (1) is equal to the complement of the domestic value-added
(DVAsourcesr) in the source-based decomposition of bilateral exports of equation
(10). It means that

uN

∑
j 6=s

Ajs(1−Ass)−1Esr (C.1)

should be equal to

VsB/s
ss

∑
j 6=s

AsjBjsEsr +
∑
t6=s

VtB/s
tsEsr +

∑
t 6=s

VtB/s
ts

∑
j 6=s

AsjBjsEsr (C.2)

Since uN = ∑
t VtBtj (see (A.4)), we can rewrite the expression in (C.1) as:

VsBsj

∑
j 6=s

Ajs(1−Ass)−1Esr +
∑
t6=s

VtBtj

∑
j 6=s

Ajs(1−Ass)−1Esr (C.3)

While, from equation (9) it follows that the expression in (C.2) is equal to:

Vs(I−Ass)−1 ∑
j 6=s

AsjBjsEsr +
∑
t6=s

VtBtsEsr (C.4)

From equivalence in (B.1) we know that:

VsBsj

∑
j 6=s

Ajs(1−Ass)−1Esr = Vs(I−Ass)−1 ∑
j 6=s

AsjBjsEsr (C.5)

while, from (B.2)

∑
t6=s

VtBtj

∑
j 6=s

Ajs(1−Ass)−1Esr =
∑
t6=s

VtBtsEsr (C.6)
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Then, it is proved that the expression in (C.1) is equal to that in (C.2)
Q.E.D.

Equivalence between the source-based value-added in exports and the
sink-based one for aggregate exports of a country

The domestic (foreign) value-added in the aggregate exports of country s can be
obtained by summing across the bilateral importers r the expressions in equation
(16) (equation (17)), for the source based approach, and in equation (33) (equation
(34)), for the sink based one. Simplifying the expressions by abstaining from keeping
trace of the country of re-export, the total value-added originated in a given country
j and exported by country s can be expressed as follows:

VAsourcej
s = VjB/s

js

G∑
r 6=s

Ysr + VjB/s
js

G∑
r 6=s

Asr

G∑
k

G∑
l

BjkYkl (C.7)

VAsinkj
s = VjBjs

G∑
r 6=s

Ysr + VjBjs

G∑
r 6=s

AsrB/s
rsYss + VjBjs

G∑
r 6=s

Asr

G∑
k 6=s

G∑
l

B/s
rkYkl (C.8)

.

From equation (B.6) it follows that Bjs = B/s
js + B/s

js

∑G
r 6=s AsrBrs; then

equation (C.8) can be re-expressed as:

VAsinkj
s = VjB/s

js

G∑
r 6=s

Ysr + VjB/s
js

G∑
r 6=s

AsrBrs

G∑
l 6=s

Ysl + VjBjs

G∑
r 6=s

AsrB/s
rsYss

+ VjBjs

G∑
r 6=s

Asr

G∑
k 6=s

G∑
l

B/s
rkYkl, (C.9)

where we used the equivalence ∑G
l 6=s Ysl ≡

∑G
l 6=s Ysr.

Since Bjs
∑G

r 6=s AsrB/s
rk = B/s

js

∑G
r 6=s AsrBrk, we can re-write equation (C.9)

as:

VAsinkj
s = VjB/s

js

G∑
r 6=s

Ysr + VjB/s
js

G∑
r 6=s

Asr

G∑
k

G∑
l

BjkYkl (C.10)
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which is equal to the value-added originated in j and exported by s accourding to
the source based approach of equation (C.7), Q.E.D.
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D Appendix: comparison with Koopman et al.
2014 and other related contributions

The Koompan et al. (2014) decomposition of total exports of country s (uNEs∗) is
summarized by the following accounting relationship:

uN Es∗ =

Vs

G∑
r 6=s

BssYsr + Vs

G∑
r 6=s

BsrYrr + Vs

G∑
r 6=s

G∑
t6=s,r

BsrYrt


+

Vs

G∑
r 6=s

BsrYrs + Vs

G∑
r 6=s

BsrArs(I−Ass)−1Yss


+ Vs

G∑
r 6=s

BsrArs(I−Ass)−1Es∗

+


G∑

t6=s

G∑
r 6=s

VtBtsYsr +
G∑

t6=s

G∑
r 6=s

VtBtsAsr(I−Arr)−1Yrr


+

G∑
t6=s

G∑
r 6=s

VtBtsAsr(I−Arr)−1Er∗ (D.1)

KWW defines the nine items in equation (D.1) as follows:

1. Vs
∑G

r 6=s BssYsr: domestic value-added in direct final goods exports;

2. Vs
∑G

r 6=s BsrYrr: domestic value-added in intermediate exports absorbed by
direct importers;

3. Vs
∑G

r 6=s

∑G
t6=s,r BsrYrt: domestic value-added in intermediate goods re-exported

to third countries;

4. Vs
∑G

r 6=s BsrYrs: domestic value-added in intermediate exports reimported as
final goods;

5. Vs
∑G

r 6=s BsrArs(I−Ass)−1Yss: domestic value-added in intermediate inputs
reimported as intermediate goods and finally absorbed at home;

6. Vs
∑G

r 6=s BsrArs(I − Ass)−1Es∗: double-counted intermediate exports origi-
nally produced at home;

7. ∑G
t6=s

∑G
r 6=s VtBtsYsr: foreign value-added in exports of final goods;
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8. ∑G
t6=s

∑G
r 6=s VtBtsAsr(I −Arr)−1Yrr: foreign value-added in exports of inter-

mediate goods;

9. ∑G
t6=s

∑G
r 6=s VtBtsAsr(I−Arr)−1Er∗: double-counted intermediate exports orig-

inally produced abroad.

Sink-based breakdown of bilateral exports

A full sink-based decomposition of bilateral exports from country s to country r

can be expressed by the following accounting relationship:

uN Esr =
1

VsBssYsr

+ VsBssAsr(I−Arr)−1
[ 2a

Yrr +

2b
G∑

j 6=r

ArjB/s
jrYrr +

2c
G∑

j 6=r

Arj

G∑
k 6=s,r

B/s
jkYkk

]

+ VsBssAsr(I−Arr)−1
[ 3a

G∑
j 6=r,s

Yrj +

3b
G∑

j 6=r

Arj

G∑
l 6=s,r

B/s
jrYrl

+

3c
G∑

j 6=r

Arj

G∑
k 6=s,r

B/s
jkYkr +

3d
G∑

j 6=r

Arj

G∑
k 6=s,r,l

G∑
l 6=s,r

B/s
jkYkl

]

+ VsBssAsr(I−Arr)−1
[ 4a

Yrs +

4b
G∑

j 6=r

ArjB/s
jrYrs +

4c
G∑

j 6=r

Arj

G∑
k 6=s,r

B/s
jkYks

]

+

5

VsBssAsr(I−Arr)−1
G∑

j 6=r

ArjB/s
jsYss

+

6

VsBssAsr(I−Arr)−1
G∑

j 6=r

ArjB/s
jsEs∗

+

7
G∑

t6=s

VtBtsYsr +

8
G∑

t 6=s

VtBtsAsr(I−Arr)−1Yrr

+ VrBrsAsr(I−Arr)−1
[ 9a

G∑
j 6=r

Yrj +

9b
G∑

j 6=r

Arj(I−Ajj)−1Yjj

]

+

9c
G∑

t6=s,r

VtBtsAsr(I−Arr)−1Er∗
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+

9d

VrBrsAsr(I−Arr)−1
G∑

j 6=r

Arj(I−Ajj)−1Ej∗ (D.2)

We can define the items that form the bilateral decomposition of gross ex-
ports as follows:

1 domestic value-added (VA) in direct final good exports;

2a domestic VA in intermediate exports absorbed by direct importers as local
final goods;

2b domestic VA in intermediate exports absorbed by direct importers as local
final goods only after additional processing stages abroad;

2c domestic VA in intermediate exports absorbed by third countries as local final
goods;

3a domestic VA in intermediate exports absorbed by third countries as final goods
from direct bilateral importers;

3b domestic VA in intermediate exports absorbed by third countries as final goods
from direct bilateral importers only after further processing stages abroad;

3c domestic VA in intermediate exports absorbed by direct importers as final
goods from third countries;

3d domestic VA in intermediate exports absorbed by third countries as final goods
from other third countries;

4a domestic VA in intermediate exports absorbed at home as final goods of the
bilateral importers;

4b domestic VA in intermediate exports absorbed at home as final goods of the
bilateral importers after additional processing stages abroad;

4c domestic VA in intermediate exports absorbed at home as final goods of a
third country;

5 domestic VA in intermediate exports absorbed at home as domestic final
goods;

6 double-counted intermediate exports originally produced at home;
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7 foreign VA in exports of final goods;

8 foreign VA in exports of intermediate goods directly absorbed by the import-
ing country r;

9a and 9b foreign VA in exports of intermediate goods re-exported by r directly to the
country of final absorption.

9c and 9d double-counted intermediate exports originally produced abroad.

The enumeration of the items recalls the original Koopman et al. 2014
components, which can be obtained as a simple summation over the importing
countries r of the corresponding items in our bilateral decomposition (e.g. the
second term in KWW is equal to the sum across the r destinations, Es∗ = ∑G

r 6=s Esr,
of 2a+2b+2c).

We can then provide formal proof of this equivalence for each item in equation
(D.2).

It is straightforward to recognize this correspondence for the first item (i.e.
the domestic value-added in direct final good exports) and for the last five items,
which identify the foreign content of gross exports. For the items 1, 7 and 8 the
original KWW components can be obtained as a simple sum over the importing
countries r of the corresponding items in our bilateral decomposition. For the
last three terms of equation (D.2) it is sufficient to re-aggregate the components
that have been separated in equation (??) and to sum across destinations. For
the remaining components a few more steps are needed to prove the equivalence
between the two expressions.

Plugging (B.9) and (B.10) into (B.8) we obtain the following expression for
Bsr:

Bsr = BssAsr(I−Arr)−1 + BssAsr(I−Arr)−1 ∑
j 6=r

ArjB/s
jr

+ Bss

∑
t6=s,r

Ast(I−Att)−1
G∑

j 6=t

AtjB/s
jr (D.3)

Finally we can sum across the G−1 foreign countries (i.e. ∑G
r 6=s) to show that

the remaining items in the accounting of bilateral trade flows in equation (D.2) can
be mapped into the corresponding components of the original KWW decomposition
of aggregate exports. For instance, pre-multiplying by matrix Vs, post-multiplying

55



by Yrr and summing across r both sides of equation (D.3) we exactly retrieve the
second component of the KWW decomposition:

Vs

∑
r 6=s

BsrYrr = Vs

∑
r 6=s

BssAsr(I−Arr)−1Yrr

+ Vs

∑
r 6=s

BssAsr(I−Arr)−1 ∑
j 6=r

ArjB/s
jrYrr

+ Vs

∑
r 6=s

Bss

∑
t6=s,r

Ast(I−Att)−1
G∑

j 6=t

AtjB/s
jrYrr

(D.4)

where the left-hand side of equation (D.4) corresponds to the sum across all direct
importers (r) of the components 2a, 2b and 2c in equation (D.2):

∑
r 6=s

(2a + 2b + 2c) = Vs

∑
r 6=s

BssAsr(I−Arr)−1Yrr

+ Vs

∑
r 6=s

BssAsr(I−Arr)−1
G∑

j 6=r

ArjB/s
jrYrr

+ Vs

∑
r 6=s

BssAsr(I−Arr)−1
G∑

j 6=r

Arj

G∑
k 6=s,r

B/s
jkYkk

(D.5)

The first two terms on the left-hand side are clearly identical, and the equiv-
alence between the last items is readily verified by replacing the subscript k with r

and the subscript r with t in the last term of equation (D.5). However, it should
be noticed that for this last term the single addends in the summation across the r

foreign countries differ between the two equations. This is because this portion of
domestic value-added produced in s for final use in r gets to the final destination
markets by passing through one or more third countries; that is, it is not part of
the bilateral exports from s to r.

Starting from the definition of the Brs matrix in equation (D.3) and following
the same procedure employed for the second item of the KWW decomposition, it is
easy to prove that the third and forth components too can be obtained as the sum of
the corresponding items in our bilateral decomposition across all the destinations.

Finally, we use a slightly different procedure to show that also the fifth and
sixth terms in the KWW main accounting relationship are exactly mapped within
the bilateral exports. We start by singling out the block matrix Bss from the
principal diagonal of the B matrix. According to equation (B.6) this matrix is
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equal to:
Bss = B/s

ss + Bss

∑
r 6=s

AsrB/s
rs (D.6)

We can then apply to the B/s the property of the block diagonal elements of
the B matrix illustrated in (B.1):

B/s
ss = (I−A/s

ss)−1 +
∑
t6=s

B/s
stAts(I−A/s

ss)−1 = (I−Ass)−1 (D.7)

where the last equality follows from the fact that, by construction, B/s
st is equal to

0 for each t 6= s. Therefore (D.6) can be rewritten as follows:

Bss = (I−Ass)−1 + Bss

∑
r 6=s

AsrB/s
rs (D.8)

Then, applying the same property of the block diagonal elements of the B matrix
to the left hand side of (D.8) and rearranging we obtain:

∑
r 6=s

BsrArs(I−Ass)−1 =
∑
r 6=s

BssAsrB/s
rs (D.9)

Finally, using the property presented in (B.2) to the B/s
rs matrix we get:

∑
r 6=s

BsrArs(I−Ass)−1 =
∑
r 6=s

BssAsr(I−Arr)−1 ∑
j 6=r

ArjB/s
js (D.10)

Now it is straightforward to see that the fifth and sixth terms in the KWW
decomposition are simply the sum of the same terms in equation (D.2) across all
the bilateral destinations.
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E Appendix: summary tables

Table 1: Summary of the different measures of value-added in exports proposed in the
work

Content Export flow Perspective Approach
decomposed

Domestic/ Total/Bilateral/ World/Country/ Source/
Foreign Sectoral-Bilateral Bilateral/ Sink

Sectoral-Bilateral

Section 3.1 Domestic total/bilateral (1) country source
Foreign total/bilateral (1) country source

Section 3.2 Domestic total/bilateral (1) country sink
Foreign total/bilateral (1) country sink

Section 4.1 Domestic bilateral bilateral
Foreign bilateral bilateral

Section 4.2 Domestic sectoral-bilateral sectoral-bilateral
Foreign sectoral-bilateral sectoral-bilateral

Section 5.1
Domestic n.a. n.a. n.a.
Foreign bilateral (1) world source
Foreign bilateral (1) world sink

(1) Correspondent decompositions for toral exports can be obtained summing across importing
countries. In this case sink and source breakdowns provide the same results for DVA and FVA.
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